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   Foreword   

 Urbanization is essentially the physical growth of urban areas as a result of rural 
migration. The United Nations projected that half of the world’s population would 
live in urban areas at the end of 2008 (International Herald Tribune, Associated 
Press, February 26, 2008). By 2050, it is predicted that 64.1 % and 85.9 % of the 
developing and developed world, respectively, will be urbanized (“Open air com-
puters,” The Economist, October 27, 2012).

Urbanization has serious implications for health, and calls for innovations in 
global health professional education. Several health challenges needing urgent 
attention come to mind. The issue of human traffi cking (and its implications for 
urban environments) is an emerging problem. With the decline in breastfeeding 
globally, a shift to fast foods, and the abandonment of traditional feeding practices, 
childhood malnutrition is bound to rise in urban areas. The need for innovations to 
address childhood malnutrition in urban environments, as well as newborn, child-
hood, and maternal health in urban resource-limited settings, cannot be over-
emphasized. Unscrupulous dealers and unfair trade practices have led to the 
proliferation of counterfeit drugs in low- and middle-income countries. This will 
have serious implications for the treatment of common conditions as well as drug 
resistance in urban environments. Therefore, there will be a need for more invest-
ments in diagnostic innovations in urban health settings. Due to poor planning and 
inadequate provision of basic services, an increasing number of urban populations 
in low- and middle- income countries are likely to be hard hit by climate change, 
noise pollution, and unintentional injury. The case for comprehensive, integrated, 
and standardized measures of health in cities cannot be overemphasized. 

Overall, this book will go a long way in highlighting innovations to address 
these urbanization-related health issues.  

          School of Public Health    Dismas     Ongore, M.B.Ch.B., M.P.H., Ph.D.
University of Nairobi 
Nairobi, Kenya           
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  Introd uction   

    Roy     Ahn*,           Thomas F. Burke*,   and   Anita M. McGahan                                                      

    Innovating for Healthy Urbanization 

 The United Nations projects that the world’s population will grow from 7 billion today 
to nearly 11 billion by the year 2100. 1  At the same time, cities will grow disproportion-
ately, accounting for 80 % of humankind by 2100 (up from about 50 % today). The 
growth of cities presents unprecedented challenges, but also important opportunities. 
The concentration of human populations in increasingly dense urban areas raises the 
prospect of intensifi cation of communicable diseases, while aging populations suggest 
a greater incidence of noncommunicable diseases in the future. On the other hand, cit-
ies can facilitate prevention, early diagnosis, and comprehensive treatment of health 
conditions through increased access to quality health services. 

 When we commissioned the chapters for this book, we envisioned that the con-
tributing authors would advance understanding of the ways in which urbanization 
and health co-evolved. We had in mind that the book would point to the importance 
of early childhood education, sanitation systems, stable food supplies, personal 
security, and secure housing as important prerequisites and complements to classic 
health infrastructure. The chapters in this book certainly have delivered on this 
expectation. 

1   United Nations, Department of Economic and Social Affairs, Population Division (2013).   World 
Population Prospects :  The 2012 Revision ,  Highlights and Advance Tables . Working   Paper No. 
ESA/P/WP.228. 

 * Roy Ahn and Thomas F. Burke serve as co-lead editors of this book. 
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  Division of Global Health and Human Rights ,  Department of Emergency Medicine, 
Massachusetts General Hospital, Zero Emerson Place Suite 104 ,   Boston ,  MA 02114 ,  USA   
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 What we did not fully anticipate were the ways in which the chapters would 
illuminate an entirely new way of thinking about the nature of health itself. Many 
chapters emphasize a conceptualization of health as resilience, and of cities as plat-
forms for personal and community growth. This approach goes much further than 
evoking social determinants of health, by considering the complex interplay among 
environmental, economic, political, social, and health systems. 

 Numerous themes cut across the chapters:

    1.    Migrations indicate health challenges in both source and target communities. 
 Several chapters in this book point to migrations as indicators of health chal-
lenges in source communities and as complicit in the emergence of new prob-
lems in targeted urban settings. For example, Rowe and Dodson report that 
migrants may escape chronic hunger but continue to face nutritional defi cits in 
cities. Trujillo and colleagues allude to the frequent incidence of migration in 
escape from tribal confl ict but focus primarily on the tragedy of urban violence, 
especially in cities where rapid population growth strains housing and other 
security systems. Ahn and colleagues describe the hazards of migration to the 
cities and the negative consequences of human traffi cking. Beattie, Stewart, and 
Mace fi nd that inadequate housing and sanitation systems mean that rapidly 
growing cities must contend with “persistent infectious disease” as well as a 
larger burden of non-communicable illness. Kraemer considers the signifi cantly 
higher risk of unintentional injury as a major health challenge in urban settings 
as compared to rural communities. 

 The implication? Urbanization does not guarantee improved health. Health 
systems must be constructed to address the specifi c problems that arise fi rst from 
migration itself and subsequently with population density in cities. These prob-
lems arise in basic systems: food, water, housing, and security. And the chapters 
posit innovations to address many of these challenges in resourceful ways.   

   2.    The chronic shortage of health professionals is worsening and compels a new 
vision for primary care in urban areas of developing countries. 
 The shortage of health workers—including physicians, nurses, administrators, and 
specialists in almost every other domain of delivery—is well-described in the aca-
demic literature. The authors in this book focus on the consequences of the short-
age for health in cities. Wen envisions “innovations in global health education” 
that involve not only extensive task shifting but also the training of a generation of 
providers specialized in the needs of the urban poor. Kraemer suggests the utility 
of a system adapted to the urban needs of low- and middle- income countries, 
where fi rst responders are trained to provide suffi cient care and reduce the risk of 
 preventable death and disability, particularly from traffi c accidents. Eckardt and 
colleagues, plus Nelson and colleagues, describe the need for training frontline 
health workers to bring about improvements in maternal, newborn, and child 
health in resource-limited settings. 

 Some chapters address opportunities for improved governance in the delivery 
of care. Blaustein describes the necessity for coordination among nongovern-
mental  agencies (NGOs) and for addressing gaps in the provision of primary 
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care by these NGOs. McCarney and McGahan focus on the importance of the 
measurement of population health, and indicate that the measurement itself 
involves governance, simply through the act of data monitoring. 

 The general vision of primary care suggested by these analyses thus involves 
the construction of basic social systems in the interests of health. This act of 
construction depends primarily on effective governance through sound management 
and creative leadership in the deployment of human resources in low- and 
middle-income countries’ urban settings.   

   3.    Urbanization can simplify geographic access to care and can enable innovation 
that lowers the cost and improves the quality of diagnostic care. 
 Beattie, Stewart, and Mace argue that diagnostic innovations—and especially 
digitally-enabled diagnostics—create a basis for fundamental change in access 
to high-quality care. Their argument emphasizes the unique opportunities avail-
able in cities for implementing protocols that can be administered by trained 
health workers and monitored by specialists. Rowe and Dodson indicate that 
opportunities to improve nutrition in urban settings are legion, and Eckardt and 
colleagues pose a similar argument for maternal health in such settings. Kraemer 
and Trujillo and colleagues all suggest that innovative approaches that account 
for the density of the poor in urban settings—and that combat unsafe practices—
can lead to better quality of urban life and lower costs in health delivery. Lulla 
and colleagues focus squarely and primarily on the opportunities associated with 
innovation in the delivery of care in urban settings. They identify the particular 
stressors on health tied to urban living, including pollution of all types. Salter 
and colleagues hone in on the innovations—present and future—that could miti-
gate a decidedly urban public health hazard: noise pollution. 

 Taken together, these chapters suggest that the opportunities for improving 
urban health arising from novel diagnostics include the implementation of effec-
tive protocols for administering familiar monitoring tests (such as on heart rate 
and glucose level), and the development of new devices and protocols that 
account specifi cally for health problems in urban slums. The latter may include, 
for example, diagnostics on asthma, toxic metals, and nutritional defi ciencies, as 
well as on the psychological and social stresses that may accompany geographic 
dislocation.   

   4.    Climate change has reshaped and will continue to reshape primary care, acute 
care, and disaster management. 
 Climate change infl uences urban health in myriad ways. Three are highlighted in 
the essays in this volume: food insecurity, air pollution, and weather disasters. 
Each has a direct impact on urban health and thus carries important consequences 
for health systems. Food insecurity is the primary subject of Rowe and Dobson’s 
study on micronutrients. These authors show how the chronic absence of suffi -
cient nutrition among the urban poor creates signifi cant challenges for primary 
and acute care. Lulla and colleagues describe the relationship between climate 
change and air quality in urban locales. Janneck and Biddinger discuss the conse-
quences of weather disasters for emergency and disaster management. 
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 The requirements for innovation implied by these analyses are extensive. 
Building the capacity to deal with weather disasters requires unprecedented 
coordination at all levels of health systems. Addressing food insecurity requires 
integration between health and other essential systems in both the public and 
private sectors. Pollution is perhaps even more challenging, as its mitigation 
requires implementing controls as well as incentives in individual, private- sector, 
and public-sector institutions. Many of the chapters offer solutions to mitigate 
disasters of all types through the lens of innovation (e.g., Janneck and Biddinger’s 
analysis of innovations in disaster management).   

   5.    Increasing urban inequality, coupled with rising prices on basic goods such as 
food, raises the stakes on the design of inclusive systems. 
 Many of the chapters specifi cally address the adverse consequences of inequity. 
Lulla and colleagues point to inequality, not only in the administration of health 
resources but also in vulnerability to health problems as a central facet of urban 
life. Trujillo and colleagues chronicle these vulnerabilities among the poor, 
particularly with regard to injury and personal violence. Wen describes inequal-
ity in the accountability of health providers—with systematically greater toler-
ance for poor health delivery when patients are vulnerable. 

 What suggestions arise for addressing these challenges? McCarney and 
McGahan suggest that measurement of inequity itself is a step toward its mitiga-
tion because of the implicit importance attached to the conditions as a conse-
quence of measurement. Kraemer highlights the need to address environmental 
hazards—such as substandard housing and workplace safety. Blaustein similarly 
points to the importance of inclusive systems.   

   6.    Effective governance of health resources requires better data, accountability on 
health metrics, and innovation in health-system administration. 
 Almost every chapter in this book asks for more accurate, timely, and relevant 
information on urban health challenges. Lulla and colleagues highlight the value of 
mapping and of comprehensive assessments as essential to the design of effective 
warning systems. Amico, Aaronson, and Zucker describe novel information tech-
nologies used to track pharmaceuticals through the supply chain in order to curb 
incidents of global drug counterfeiting. McCarney and McGahan focus on the 
promise of comparative measures that can allow city leaders to assess their perfor-
mance relative to other jurisdictions with similar problems. Kraemer points to the 
importance of information on effective mechanisms for coordinating emergency 
response. Blaustein shows how better information would enable more effective and 
affordable solutions in the effective administration of resources in urban 
environments. 

 Better information is only the fi rst step in larger processes that each of these 
authors advocates. Overall, their vision is for more effective and creative gover-
nance of health systems. This vision requires persistence and determination in 
the allocation of decision rights, property rights, and fi nancial claims on the pro-
vision of essential health services.      
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    Summary 

 Human health in the twenty-fi rst century begins and ends in cities. The purpose of this 
book is to explore the implications of massive urbanization for the health of human-
kind— and to unearth innovations to address the problems associated with urbaniza-
tion and health . As a whole, the chapters point to the potential for healthy cities that 
are rich in resources that matter for resilience: access to opportunity, better gover-
nance, equity, innovativeness, and actualization. In that vein, “innovations” are 
broadly construed as solutions that may include cutting-edge technology but often 
times may involve a lower-tech analog that is simple, elegant, and wholly impactful. 

 The implications for urban health systems are extensive: a new vision for the 
provision of primary care; urgency in addressing urban pollution and climate 
change; and improving accountability of health providers and especially of public- 
and private-sector leaders with the capacity to allocate resources to improve health 
systems. 

 On the whole, the chapter authors point to a future dominated by climate change, 
megacities, and resource scarcity. They call for creativity and innovation in the face 
of the challenges and simultaneously warn us against taking for granted that exist-
ing systems will work. Our current emphasis on access will give way to a broader 
agenda on equitability and fairness. Effective governance in the creation, steward-
ship, and allocation of scarce resources will be central to the resilience of cities and 
to the people who live within them.   
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    Chapter 1   
 Maternal Health Innovations 
and Urbanization 

             Melody     Eckardt      ,     Hannah L.     Harp     ,     Roy     Ahn     ,     Genevieve     Purcell     , 
    Emily     de     Redon     ,     Rosemary     Hines     , and     Thomas     F.     Burke    

            Introduction 

 In 2014, nearly 300,000 women around the world will die from causes attributable 
to pregnancy and childbirth. An estimated 99 % of these maternal deaths occur in 
low- and middle-income countries. Most of these maternal deaths are caused by 
postpartum hemorrhage (PPH), infection, unsafe abortion, eclampsia, and obstructed 
labor. In stark contrast, in well-resourced settings, complications of pregnancy can 
usually be prevented or addressed successfully without death or disability to the 
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mother [ 1 ]. The major determinants of this enormous disparity in maternal survival 
are social, economic, and physical barriers to accessing quality health care. 

 The term “urban health advantage” refers to the general observation that health 
indices in urban settings are often better than in rural areas, due to physical prox-
imity of healthcare facilities. However, with close examination, it is clear that the 
degree of poverty is more predictive of access to health care than actual geographic 
distance between patients and healthcare facilities [ 2 ]. Despite proximity, the 
urban poor often have limited access to health care and receive lower quality 
 services because of their inability to pay [ 3 ,  4 ]. Additionally, the urban poor in 
high-density settings often suffer from low-quality public and private healthcare 
services, consequently disincentivizing desirable prevention and care-seeking 
behaviors of the population. 

 Novel, low-cost solutions are required in order to overcome the challenges 
unique to the growing phenomenon of global urbanization. This chapter will pro-
vide an overview of promising innovations in maternal health, via two themes: (1) 
increasing mothers’ access to care, discussed in relation to the “Three Delays 
Model” [ 5 ], and (2) improving quality of maternal health care with a particular 
focus on addressing the major causes of global maternal mortality. In time, these 
innovations and others may become long-term solutions or may be replaced by new 
ideas. The innovations described in this chapter are examples of what is possible 
with fresh and creative approaches focused on saving the lives of our future 
mothers.  

    Background: Three Delays Model 

 The “Three Delays Model”—the product of multidisciplinary research by Thaddeus 
and Maine—is a framework for contextualizing the numerous determinants of 
maternal mortality. The model pinpoints three stages of the care delivery process at 
which delays are most likely to lead to maternal morbidity or mortality [ 5 ]. In the 
case of an obstetric complication, these delays include: (a) a delay in the decision to 
seek care at a health facility, (b) a delay in arrival at a health facility, and (c) a delay 
in the provision of adequate care once at the health facility [ 5 ]. 

 Gabrysch and Campbell’s “Still too far to walk” article is an updated review of 
the Three Delays Model that incorporates “socio-cultural factors, perceived benefi t 
of a skilled birth attendant and economic and physical accessibility” to the maternal 
mortality framework (Fig.  1.1 ) [ 2 ]. Examining the frameworks presented in both 
pieces reveals that the causes of maternal mortality cannot be examined in isolation, 
but instead must be situated in social, cultural, structural, and economic contexts. 
The next section incorporates aspects of both frameworks, highlighting the inter-
connectedness of social determinants, structural barriers, and obstetric complica-
tions that contributes to maternal mortality.   
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    Phase I: Decision to Seek Care 

 Delay in the decision to seek care begins with the time that it takes to fi rst recognize 
an obstetric complication [ 6 ]. The speed of recognizing signs and symptoms of a 
complication, the use of traditional birth attendants (TBAs), and the woman’s desire 
to deliver at home are all factors that affect the decision to seek care [ 6 ]. 

 Women living in the lowest economic quintile have little education or autonomy 
and often are not able to access adequate skilled health care [ 7 ]. Instead, they utilize 
unskilled birth attendants who may not recognize complications and who lack a 
referral system. It has been established that a mother’s education level directly cor-
relates with her health-seeking behaviors before and during pregnancy [ 7 – 9 ]. A 
mother’s basic understanding of pregnancy and childbirth increases the likelihood 
that she will identify abnormalities and potential complications during her preg-
nancy. Additionally, improving education for women has been shown to provide 
economic opportunities that increase the family fi nancial resources available for 
maternal health care. 

 Delay in the decision to seek care is not only affected by a mother’s education 
level, but also by the perceived benefi t of skilled obstetrics services. The percep-
tions of whether delivering at a healthcare facility is benefi cial are infl uenced by a 
number of factors, including a woman’s understanding of the urgent nature of child-
birth complications, awareness or trust of available interventions and treatments at 
health facilities, and prior experience with obstetric services [ 2 ]. Waiting times, 

  Fig. 1.1    Three Delays model ( Source :   http://www.unfpa.org/public/home/mothers/pid/4385    )       
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positive or negative interactions with staff, facility infrastructure, and the availability 
of supplies within the facility, all contribute to whether women perceive seeking 
healthcare services as benefi cial or necessary. The perceived benefi t may be based 
solely on past individual as well as community experiences with healthcare facili-
ties. This perceived benefi t is then weighed against the individual fi nancial, physi-
cal, and temporal costs in the decision to seek care. Often, these costs far outweigh 
the perceived benefi t of seeking care until it is too late. 

    Innovations to Address the First Delay 

 Innovations that enhance a woman’s ability to recognize pregnancy complications 
and strengthen the positive perception of obstetric services can reduce the fi rst 
delay. A community midwife or birth attendant can assist a woman in recognizing 
the symptoms of an imminent emergency. However, TBAs and midwives do not 
always have the training or technical experience required to recognize these early 
signs. Thus, improving the level of training of birth attendants may improve the 
early recognition of potential complications, which increases the likelihood for a 
woman to seek a higher level of care more quickly [ 10 ]. 

 Strengthening the communication and relationship between pregnant women, 
birth attendants, and skilled health providers can also increase the probability that a 
mother will seek care. Mobile health, or mHealth, is an innovation that greatly fos-
ters communication and may provide point-of-care support. According to the World 
Bank, approximately three-quarters of the world’s population now has access to a 
mobile phone [ 11 ]. The availability of mobile technology worldwide has allowed 
for mobile phones to serve as a platform for following up with patients, providing 
diagnostic testing, and fostering the exchange of information and education between 
community members and health specialists [ 12 – 15 ]. This communication and 
exchange of information promotes the involvement of women in their own care and 
enhances the knowledge of women about their health and pregnancy—all factors 
that can decrease delays in the decision to seek care. 

 Innovations have been developed that seek to address the fi nancial constraints 
that are known to be barriers to accessing maternal health care. Several low-cost, 
fi nancially-sustainable hospital systems have been developed worldwide to decrease 
the costs of maternity care with the hope of improving maternal mortality and mor-
bidity rates. One of the most successful of these systems is the LifeSpring Hospital 
chain started in Hyderabad, India [ 16 ]. LifeSpring Hospitals are small (20–25 bed) 
facilities devoted to basic maternity and postpartum care [ 16 ]. Although subsidized 
originally by two corporations, LifeSpring Hospitals aims to create fi nancially-
sustainable facilities by providing a small repertoire of services with a tiered pricing 
plan. By outsourcing more critical cases to other facilities, relieving attending phy-
sicians of administrative duties, and running on a strict process-driven business 
model, LifeSpring Hospitals is able to offer high-quality maternity services at 
30–50 % of the leading market price [ 16 ]. LifeSpring has provided health care to 
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over 3.5 million  low-income women in and around Hyderabad since its inception, 
and in 2010 it became the fi rst healthcare chain to be adopted as a Business Call to 
Action partner [ 16 ]. 1    

    Phase II: Reaching the Health Facility 

 Once a decision is made to proceed to a health facility, barriers such as travel cost, 
distance, and transportation can delay an individual’s ability to reach a healthcare 
facility. With many obstetric complications, distance to the facility and access to 
transportation can be a matter of life and death. Obstetric complications often pres-
ent suddenly and must be addressed in a timely fashion in order to avoid dire con-
sequences. Even though individuals living in urban areas may not be far from a 
health facility, poor roads, extreme traffi c, and limited access to transportation can 
hinder a woman’s arrival at a treatment facility [ 2 ]. 

    Innovations to Address the Second Delay 

 Innovations that increase access to transportation are helping to avert morbidity 
caused by a delay in reaching the treatment facility. In Zambia, Zambikes is a com-
pany that has developed a two-wheeled ambulance trailer that can be attached to a 
bicycle or motorcycle (Fig.  1.2 ), providing safe and rapid transportation to healthcare 

1   Business Call to Action was created by the United Nations in 2008 and supported by multiple 
international donor agencies with “aims to accelerate progress towards the Millennium 
Development Goals (MDGs) by challenging companies to develop inclusive business models that 
offer the potential for both commercial success and development impact.” ( http://www.business-
calltoaction.org ) 

  Fig. 1.2    The Zambulance, Zambikes,   http://zambikes.org/what-we-do/           
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facilities [ 17 ]. The Zambulance is integrated into the Ministry of Health’s Safe 
Motherhood Initiative, with plans of being implemented countrywide. Similarly, in 
East Africa, Design for Development has constructed a bicycle-ambulance made 
out of bamboo. The Bambulance provides emergency transportation when motor-
ized means of transportation are unavailable [ 18 ]. Since the Bambulance is made 
from locally-available bamboo and implemented locally, the innovation creates 
community-based training and manufacturing opportunities that can lead to jobs 
and local business development [ 18 ].  

 Similar to its role in the fi rst delay, the advent of mobile technology provides 
novel applications to overcome the obstacles mothers face in reaching a health facility. 
For example, in Rwanda, the Adventist Development and Relief Agency has piloted 
an mHealth project to connect mothers to health facilities. This program uses SMS 
messaging as a way to deploy motorcycle ambulances when a pregnant woman 
requests assistance [ 19 ].   

    Phase III: Treatment 

 The third delay—the delay of proper treatment once at a facility—is perhaps the 
broadest and most complicated component of the Three Delays Model. Delayed 
treatment can be the result of supply inadequacies such as lack of medications and 
infrastructure for maintaining supplies (e.g., cold chain for preserving vaccinations 
and medications), inadequate treatment space, or an insuffi cient number of trained 
professionals [ 2 ]. The factors that drive the third delay are also directly connected 
to the fi rst delay. Shortages of commodities, trained personnel, and user fees all 
contribute to disincentivizing healthcare-seeking behavior of mothers. 

 Inadequate supplies, equipment, and personnel are unfortunately common in 
resource-limited settings. The WHO considers skilled care attendance at delivery to 
be “the single most important factor in preventing maternal deaths” [ 2 ]. Although 
access to maternal care has increased in recent years, in 2014 only “46 % of women 
in low income countries benefi t from skilled care during birth” [ 1 ]. Innovative solu-
tions that increase quality training and retention of maternal healthcare providers 
are desperately needed. 

    Innovations to Address the Third Delay 

 The WHO recommends “task shifting” from doctors and midwives to properly- 
trained lower cadres as an effective way to extend health services to more women 
[ 20 ,  21 ]. Many countries and organizations around the world are designing and 
implementing innovative training programs focused on increasing the pool of avail-
able skilled birth attendants. Some are training TBAs and including them in the 
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formal health system as “professional midwives”; some are training TBAs to take 
on advocacy roles; and others are moving away from the use of TBAs in any capac-
ity and instead focusing on increasing the numbers of fully-trained midwives [ 22 ]. 

 A lack of equipment and supplies for safe and clean delivery contributes consid-
erably to the third delay. “Maama Kits” (sometimes spelled “Maama” or “Mama”) 
were developed in Uganda in order to make the basic requirements for childbirth 
available in a single low-cost kit. The kit, comprised of a plastic sheet, sterile gloves, 
razor blades, cord ligature, cotton, sanitary pads, tetracycline, and soap, is a simple 
and low-cost package for clean delivery [ 23 ]. In many countries, the components of 
the Maama Kit are items that a woman often is personally required to pay for, as 
individual pieces. The government of Uganda has integrated the kit into the essen-
tial drug distribution system as a free item to be distributed countrywide. Since 
implementation of the Maama Kit in Uganda, the rates of sepsis among women 
have been reduced (or even eliminated) in some regions [ 23 ]. The Maama Kit is an 
example of a simple low-cost package that equips providers and facilities with the 
ability to provide basic obstetric care, thereby decreasing the third delay. 

 In addition to the development of innovations such as the Maama Kit, it is critical 
to ensure that supply lines are functional and reliable. ColaLife is a creative delivery 
system innovation which uses packaging that fi ts into the empty space in Coca-Cola 
delivery crates (Fig.  1.3 ). Coca-Cola has opened their distribution channels to carry 
oral rehydration salts and zinc supplements to the most remote locations in the 
world [ 24 ]. One can imagine how ColaLife’s shipping idea or something similar 
could be an innovative means for ensuring that clean birth kits are distributed widely.  

  Fig. 1.3    Kit Yamoyo Crate, 
ColaLife [ 24 ]       
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 While severe shortages of skilled health workers, appropriate supplies, and 
affordable facility fees broadly cover the causes of the third delay, the bulk of inno-
vations in this area center on creating low-cost means for bringing effective, specifi c 
medical treatments to women in low-resource settings. Many of these devices are 
“low-tech” adaptations of standard-of-care medical devices used in well-resourced 
tertiary care hospitals. In the following section, we discuss a few innovations that 
enable the prompt administration of medical treatment for the most common causes 
of maternal mortality, worldwide. 

 Globally, the most common medical causes of maternal death are hemorrhage, 
infection, obstructed labor, eclampsia, and complications of unsafe abortion 
(Fig.  1.4 ). While there are signifi cant regional variations, these fi ve conditions are 
consistently the primary causes of maternal deaths in low-and middle-income coun-
tries [ 25 ]. Additionally, considerable variations in causes of maternal death are 
often seen in rural versus urban settings. For example, women from rural Zimbabwe 
are more likely to die from abortion-related infection, while women from urban 
regions are more likely to die from infection subsequent to delivery [ 26 ]. In the next 
section, we identify the barriers to preventing each individual cause of death, and 
introduce a few innovations that are in early stages of development.  

    Innovations that Address Postpartum Hemorrhage 

 Effective interventions exist for addressing PPH emergencies in well-resourced 
hospital settings, but often are unavailable in poor countries. The standard clinical 
course for treating PPH begins with active management of the third stage of labor 
and then proceeds to massage of the uterus and the administration of treatment- dose 
uterotonic medications [ 27 ]. However, the uterotonic drugs that are standard of care 
in developed countries are often not available. Equipment required for the delivery 

  Fig. 1.4    ( Source : UNFPA,   http://web.lb.unfpa.org/mothers/obstetric.htm    )       
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of uterotonics may also be diffi cult to access in informal settings. For example, 
oxytocin, the most commonly used and well-studied uterotonic, requires intramus-
cular injection or intravenous administration, and must be kept cold for long-term 
storage. Misoprostol, a uterotonic agent previously used principally for healing 
stomach ulcers which is available in a tablet form, is rapidly gaining widespread use 
but has unique challenges such as the common knowledge that it can be used to 
induce abortion. Below, three innovations to address PPH are described. 

 Massachusetts General Hospital’s Division of Global Health and Human Rights 2  
developed a PPH package called Every Second Matters for Mothers and Babies- 
Uterine Balloon Tamponade™ (ESM-UBT™) (Fig.  1.5 ). Unlike single-use UBT 
devices that are used in the United States and cost hundreds of dollars per device, 
the ESM-UBT kit costs $5, using components that are widely available. The uterine 
balloon kit consists of a condom tied to a Foley catheter and infl ated with clean 
water through a syringe and one-way valve. When PPH cannot be controlled by 
medications, the ESM-UBT device is inserted through the cervix into the uterus and 
infl ated with water to provide pressure against the walls of the bleeding uterus. This 
pressure provides a tamponade effect that halts the bleeding. MGH has successfully 
trained over 750 unskilled frontline healthcare workers in South Sudan on the  

2   Authors of this book chapter are all affi liated with the Massachusetts General Hospital. 

  Fig. 1.5    Massachusetts 
General Hospital’s Every 
Second Matters for Mothers 
and Babies-Uterine Balloon 
Tamponade™ (ESM-UBT™) 
Kit       
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PPH/UBT package [ 28 ] and has expanded the ESM-UBT to Kenya, Senegal, Sierra 
Leone, Ghana, and Nepal [ 28 ].  

 The non-pneumatic anti-shock garment (NASG) is a fi rst-aid device made of 
neoprene and Velcro that compresses the lower body with nine segments closed 
tightly around the legs, pelvis, and abdomen. First used for PPH in 2002, the device 
may assist women to survive delays in transport to facilities for treatment. The cir-
cumferential compression provided by the NASG is thought to reduce vascular vol-
ume under the compressed areas, expand the circulating blood volume, and reduce 
blood loss [ 29 ]. 

 An Australian group is developing an aerosol delivery system for oxytocin that 
can be inhaled by women from a simple, disposable device after childbirth. The 
delivery system avoids the need for refrigeration of oxytocin, which is a major con-
cern in resource-limited health settings. The inhaled product would “negate the 
need for cold chain storage, remove the risk of needle stick injuries, and could be 
used by all levels of healthcare workers” [ 30 ]. The inhaled oxytocin product is cur-
rently under development.  

    Innovations that Address Puerperal Sepsis 

 Puerperal sepsis is a bacterial infection of the genital tract that occurs following 
delivery that then spreads throughout the blood stream. This type of infection 
accounts for 15 % of maternal deaths in developing countries [ 31 ]. If not adequately 
treated, puerperal infections can be fatal or have long-term health complications, 
such as chronic pelvic pain and infertility. Careful attention to “clean delivery,” 
which includes clean (ideally sterile) instruments, clean hands, and proper disposal 
of soiled dressings, is crucial to prevent the spread of infection. However, many 
hospital facilities do not have access to sterile instruments or the equipment to steril-
ize them. The electricity required for traditional autoclaves is not available in many 
settings in the developing world. Often, health providers resort to boiling water or 
using alcohol swabs as crude sterilizing techniques. 

 Innovations that properly sanitize equipment without relying on electricity or 
other consumables, such as sterilizing gas, can potentially help decrease the 
burden of puerperal sepsis among mothers. For example, a solar-thermal-powered 
autoclave system, using energy from sunlight, can sterilize medical instruments 
in areas where electrical power is not available [ 32 ]. The solar-thermal-powered 
autoclave has been shown to produce enough steam to sustain the pressure and 
temperature levels that meet Centers for Disease Control and Prevention (CDC) 
sterilization requirements. Researchers from the University of Texas developed 
an autoclave that consists of a “Capteur Soleil” to produce steam from solar 
energy, a “hot plate” that harnesses the steam, and a commercially available 
thermal autoclave to sterilize equipment. This model does not require reliable 
electrical or gas sources, but it is still expensive at approximately US$2,100 
[ 32 ]. A research team from MIT has developed the Solarclave as a low-cost alter-
native [ 33 ]. This solar-powered autoclave is comprised of pocket-sized mirrors, a 
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bucket, and a pressure cooker—all parts that can be obtained in resource-limited 
settings at a low cost.  

    Innovations that Address Unsafe Abortion 

 Unsafe abortions occur worldwide, but are far more common in developing coun-
tries. In resource-limited settings, abortion laws are more restrictive, contraceptive 
use is less common, and women often are not allowed to make their own reproduc-
tive health decisions [ 34 ]. The World Health Organization (WHO) estimates that 22 
million unsafe abortions take place annually, with 5 million women disabled each 
year as a consequence [ 35 ]. Abortion is often subject to a number of regulations, 
including those that restrict the time frame in which an abortion can be performed, 
require consent from family members, or mandate pre-abortion counseling. Since 
undergoing an abortion is not socially acceptable in most countries, women often 
seek abortions from providers willing to perform the procedures in confi dence. 
These providers are often unskilled and perform procedures in unhygienic condi-
tions with inadequate medical tools and supplies [ 34 ]. Unsafe abortions can lead to 
complications, such as uterine perforation, rectal fi stula, bowel injuries, infection, 
hemorrhage, and death [ 36 ]. 

 Unintended pregnancies can usually be prevented with the appropriate use of 
contraceptive technologies. However, in many countries, a lack of access to accu-
rate information about available contraceptives and religious and cultural norms 
prevent women from accessing birth control [ 34 ]. Population Services International 
created an innovative toll-free hotline called “Ligne Verte,” which provides confi -
dential family planning and contraception information to individuals in 11 prov-
inces of the Democratic Republic of the Congo. The hotline is staffed during normal 
business hours. Hotline staff members provide general information about birth 
spacing and contraceptives, dispel myths and rumors about family planning, and 
connect individuals with clinics where they can obtain contraceptives [ 37 ]. 

 Since abortion is illegal or socially taboo in many developing countries, prevent-
ing unsafe abortion is a deeply complex issue. Scaling widespread contraceptive use 
and developing policies that protect vulnerable pregnant women are vital initial 
steps. In settings where abortion is legal, new surgical and medication-based abor-
tion techniques—including manual vacuum aspiration (MVA) and misoprostol—
are helping to reduce abortion-related morbidity and mortality for both elective 
terminations and incomplete, hemorrhaging miscarriages. (Miscarriage is called 
spontaneous abortion in the medical literature.) MVA replaces the more risky pro-
cedure of dilatation and curettage, while misoprostol is an effective, affordable, and 
easily available medication that will help induce uterine contractions that will then 
expel an early pregnancy. In Tanzania and Burkina Faso, MVA and misoprostol 
were compared for treatment of incomplete abortions [ 38 ,  39 ]. Both MVA and 
misoprostol effectively treated incomplete abortion [ 38 ]; however, in both studies, 
misoprostol had a higher rate of acceptability [ 39 ].  
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   Innovations that Address Eclampsia 

 Eclampsia is one of the three leading causes of maternal mortality, accounting for 
more than 13 % of maternal deaths per year [ 40 ]. Eclampsia is the development of 
seizures in a woman whose pregnancy is complicated by preeclampsia—a condition 
specifi c to pregnancy involving body swelling, high blood pressure, and protein 
spilling from the kidney into the urine. Five to 10 % of pregnancies may be affected 
by preeclampsia. Effects of eclampsia or severe forms of preeclampsia include 
respiratory problems, heart failure, brain hemorrhage, and acute kidney failure. 
Effects on the infant include low oxygen and severe growth retardation. Other signs 
of preeclampsia include rapid weight gain, increased refl exes, visual changes, and 
upper abdominal pain [ 41 ]. The condition may develop rapidly in some women and 
can be missed between prenatal visits. 

 The only cure for preeclampsia or eclampsia is the delivery of the baby. However, 
to mitigate the impact of the disease process prior to delivery, magnesium sulfate 
(MgSO4) is administered as a treatment [ 40 ]. It is usually given intravenously or 
intramuscularly and is a low-cost, high-yield treatment that can prevent deaths. 
Unfortunately, magnesium is severely underused in developing countries for a vari-
ety of reasons due in part to the challenge of making the diagnosis. 

 A Congo Red Dot urine test is being developed by Dr. Irina Buhimschi of the 
Department of Obstetrics and Gynecology at Nationwide Children’s Hospital 
(Cleveland, OH) for use as a simple, low-cost test to rapidly predict preeclampsia. 
The premise is that in preeclampsia, there are an increased number of misfolded 
proteins that are spilled into the mother’s urine. These proteins have a strong affi nity 
to the azo dye, Congo Red. Initial fi ndings suggest high effi cacy and portability of 
the test as an early diagnostic tool for preeclampsia [ 42 ]. 

 Another diagnostic test in development is the Sensing Strip for preeclampsia 
developed by a chemical engineering team at Stanford University. The device is 
solar powered and comprised of carbon-based materials and fl exible polymers. 
When biomarkers indicating the presence of eclampsia are detected, the strip cre-
ates an electrical current which triggers a signal [ 43 ].  

   Innovations that Address Obstructed Labor 

 When the presenting part of the fetus cannot move into the birth canal, a woman’s 
labor is considered obstructed. Obstructed labor can cause severe and sometimes 
permanent injury to the uterus, bladder, rectum, and vaginal membranes and thereby 
increase a woman’s risk for infection, hemorrhage, fi stula, and death [ 44 ]. Malnutrition 
and diabetes are both risk factors for obstructed labor, both of which are recognized 
crises in the urban poor. Obstructed labor must be treated with either surgical deliv-
ery via cesarean section or by using specialized instruments such as vacuum extrac-
tion or forceps, neither of which may be possible in low-resource settings. 

 Most innovations to date that address the problem of obstructed labor, have focused 
on creating inexpensive and reusable vacuum delivery systems. Vacuum delivery 
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devices attach to the fetal head using a suction cup, allowing the provider to pull the 
baby down the birth canal while the mother pushes. Standard vacuum delivery systems 
in well-resourced hospitals must be attached to engine-powered aspirators or expensive 
handheld pumps. In the past year, low-cost, self-contained vacuum delivery devices 
that require no external power source and are disposable have been developed. The 
most well-known model is the Kiwi ®  Complete Vacuum Delivery System with 
PalmPump or Kiwi ®  OmniCup, which uses a traction handle to create the suction 
needed to assist delivery, thereby eliminating the need for an electric pump [ 45 ]. The 
OmniCup is disposable and made of rigid plastic, reducing the risk of transmitting 
infection [ 45 ,  46 ]. 

 The Odon device was invented by Jorge Odón, then a 52-year-old car mechanic 
living in Argentina. This device, now being further developed by WHO, is a low-
cost technological innovation that facilitates vaginal delivery. Made of inexpensive 
fi lm-like polyethylene material, the Odon device slides over the infant’s head, redi-
recting descent and decreasing friction while allowing provider assistance to mater-
nal pushing. The Odon device may be easier and safer to apply than forceps or the 
vacuum extractor [ 47 ]. It could play a signifi cant role in low-resource settings that 
lack surgical capacity or personnel trained in the use of a vacuum extractor or for-
ceps delivery [ 48 ]. Early simulation trials showed that the Odon device consistently 
facilitates immediate expulsion of the fetus [ 47 ].   Finally, an additional barrier to 
operative delivery for obstructed labor is the signifi cant lack of available anesthesia 
services in resource-limited settings for emergency cesarean section. Massachusetts 
General Hospital has developed the Every Second Matters for Mothers and Babies-
Ketamine™ package to address this gap for cesarean section and other painful 
reproductive health procedures. The package, which consists of a one-week training 
for non-anesthesia providers, an ESM- Ketamine kit of commodities, wall charts, 
and checklists is currently being piloted in Western Kenya. This disruptive innova-
tion could dramatically increase the availability of safe ketamine anesthesia for 
emergency cesarean section and painful procedures when no anesthetist is 
available.    

    Conclusion 

 A number of disruptive innovations focused on reducing maternal mortality in 
resource-limited settings have been developed in the past few years. Adapting these 
innovations and developing new ones that are specifi c to the needs of urban settings 
is a growing challenge. 

 As seen in the LifeSpring Hospital system in India, innovations that target the 
fi rst delay include sustainable business models that provide low-cost options for 
women seeking care. Innovations such as the Zambulance and the Bambulance 
enable rapid and safe transport of mothers to health facilities, thereby addressing the 
second delay. Innovations that target the third delay include training programs that 
promote “task shifting,” simple and low-cost packages of supplies, such as the 
Maama Kit, and creative ways to enhance supply chain (e.g., ColaLife). 
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 While most of the recent maternal health innovations are not specifi c to urban or 
rural settings—they are helpful in both settings—further improvements and new 
approaches will be needed to better understand the unique attributes of the urban 
setting. For example, cost barriers appear to be of greater importance in the urban 
setting; thus, future innovations supporting the urban poor will need to directly seek 
ways to decrease costs without harming quality of care. 

 Although many of the examples of maternal health innovations described in this 
chapter are remarkably exciting, no single innovation is likely to signifi cantly 
reduce the rate of maternal mortality without proper integration into standard soci-
etal practices. A precondition for successful innovations in maternal health is sus-
tained political commitment and business modeling that can facilitate the social, 
cultural, and economic changes necessary to make large inroads in reducing mater-
nal mortality. For deaths from pregnancy-related conditions to be reduced or elimi-
nated, governments will need to harness and integrate the most appropriate and 
impactful innovations.     
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    Chapter 2   
 Innovations in Low- and Middle-Income 
Countries for Newborn and Child Health 

             Brett     D.     Nelson      ,     Lisa     B.     Collins     , and     Edward     W.  J.     Pritchard    

            Overview of Newborn and Child Health 

 A leading health priority worldwide is the improvement of newborn and child 
health. Children represent a particularly vulnerable group and carry a disproportion-
ate share of the global burden of disease. UN Millennium Development Goal 
(MDG) 4 focuses specifi cally on improving newborn and child health through the 
reduction of under-fi ve mortality rates by two-thirds between the years 1990 and 
2015 [ 1 ]. Unfortunately, MDG 4 is the most off track of any of the eight MDGs; 
only 31 countries will likely meet this goal, and many countries have worse child 
mortality rates today than they did in 1990. 

 Currently, approximately 6.6 million children under the age of fi ve die each year 
worldwide. The vast majority of these deaths occur in resource-limited countries 
[ 2 ]. In fact, 94 % of the world’s childhood deaths occur in just 60 low- and middle- 
income countries, with approximately 50 % of child mortality occurring in sub- 
Saharan Africa [ 3 ]. Furthermore, recent evidence suggests that the growing subset 
of children in these countries who live in the urban setting are becoming increas-
ingly at risk relative to those in the rural setting [ 4 ]. The historical “urban advan-
tage” of children living in urban environments is rapidly diminishing in the face of 
rapid urban growth, overcrowding, poor sanitation, environmental pollution, and 
limited access to affordable healthcare in urban settings. 
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 Most childhood deaths in urban settings, as well as globally, result from treatable 
and preventable causes. The most common causes of childhood mortality are new-
born causes (40 %), acute respiratory infections (14 %), diarrheal illness (10 %), 
malaria (7 %), injury (5 %), and AIDS (2 %) (Fig.  2.1 ). Meanwhile, child 
 malnutrition, while typically not categorized as a direct cause of mortality, is 
believed to contribute to up to half of all childhood deaths.  

 Although there is still much to accomplish in improving newborn and child 
health worldwide and increasingly in urban environments, notable progress has 
been made over the last several decades. Innovations and technologies have played 
a signifi cant role in those improvements. Cost-effective interventions have been 
developed that can save many newborn and child lives, and additional innovations 
are being developed each year. 

 The aim of this chapter is to introduce the reader to leading innovations that are 
saving thousands and even millions of lives annually. We have selected for discus-
sion fi ve general categories of newborn and child health innovations, including 
innovations related to newborns, childhood rehydration, nutrition, vitamins, vacci-
nations, and HIV/AIDS. Particular focus is given to innovations that are ideal for an 
urban environment, in that they are simple, easy to use, low cost, and require little 
infrastructure or training.  

Neonatal
death: 40%

Preterm birth
complications 14%

Intrapartum-related
complications 9%

Sepsis or meningitis 5%

Pneumonia

4%
14%

Congenitial abnormalities 4%

Other neonatal disorders 2%

Tetanus 1%

1%

Diarrhoea

10%Measles 1%
Injury 5%

Malaria 7%

AIDS 2%

Meningitis 2%

Other disorders 18%

  Fig. 2.1    Global causes of childhood deaths, 2010 [ 5 ]       
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    Newborn Health 

 Of all childhood deaths under the age of 5 years, 40 % occur within the newborn 
period, or the fi rst 28 days of life. Worldwide, 3.1 million newborns die each year, 
and, as with other causes of childhood mortality, the overwhelming majority of these 
newborn deaths occur in resource-limited settings. Not included among these deaths 
is an approximately equal number of “stillbirths” [ 6 ]. Recent research shows that a 
large proportion of deaths considered stillbirths in low- and middle-income countries 
can actually be saved and are, therefore, apparently miscategorized as nonviable [ 7 ]. 

 The three leading causes of newborn deaths worldwide are perinatal asphyxia (or 
failure of the newborn to take the fi rst breath of life), complications associated with 
prematurity, and infections [ 8 ]. Fortunately, simple, cost-effective interventions are 
available to prevent most perinatal deaths. Well-accepted interventions include 
antenatal care, skin-to-skin care, facility-based deliveries, management of maternal 
complications, access to operative deliveries, and neonatal resuscitation [ 9 ,  10 ]. 
However, while solutions for reducing perinatal mortality exist, there have been 
signifi cant limitations in establishing them in resource-limited settings [ 11 ,  12 ]. 

 In this section, we discuss newborn health innovations that strive to decrease 
newborn mortality while overcoming some of the historic barriers to implementa-
tion in resource-limited settings. 

    Newborn Resuscitation Algorithms and Equipment 

 Arguably one of the most impactful and effective interventions in medicine is the 
use of newborn resuscitation for the management of perinatal asphyxia. In devel-
oped countries, simple resuscitation procedures are suffi cient for managing up to 
99 % of newborns [ 13 ,  14 ]. Nevertheless, these approaches that are effective in 
developed countries were historically not easily transferrable to settings with sig-
nifi cantly fewer resources and fewer trained staff. 

 Thanks to a renewed commitment to improving newborn health worldwide, sig-
nifi cant progress is being made in the management of perinatal asphyxia in low- and 
middle-income countries. This progress includes advances in resuscitative algo-
rithms, devices, and training equipment that address the unique needs of this setting, 
including limited fi nancial resources, fewer trained personnel, and poor supply 
chains. Furthermore, some clinical approaches to newborn resuscitation may need 
to be adapted, particularly for care outside of tertiary referral centers. For example, 
resuscitation recommendations in resource-limited settings frequently stop short of 
chest compressions, intubation, and other advanced resuscitative efforts, given lack 
of resources and the poor access to supportive critical care. 

 In June 2010, an initiative known as “Helping Babies Breathe” (HBB) intro-
duced an evidence-based approach to newborn resuscitation in resource-limited 
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 settings [ 15 ,  16 ]. HBB was developed by the American Academy of Pediatrics, in 
collaboration with the World Health Organization (WHO), US Agency for 
International Development, Save the Children, the US National Institute of Child 
Health and Development, and many other partners. This new approach uses interac-
tive training and simplifi ed algorithms to train providers in effectively managing 
asphyxia during the fi rst minutes of each newborn’s life. HBB has quickly received 
wide endorsement and has become a central, global strategy for reducing newborn 
mortality and achieving MDG 4 [ 17 ]. 

 HBB and other birth asphyxia programs have largely focused on building capac-
ity among facility-based urban and rural providers, which is consistent with the 
general priority to improve the proportion of deliveries attended by skilled birth 
attendants in health facilities. However, in many areas of the developing world, a 
large number of deliveries still occur within the communities among unskilled birth 
attendants, like traditional birth attendants. In such areas, where the cadre of skilled 
birth attendants is nearly nonexistent and will likely take decades to be effectively 
established, interim training of unskilled birth attendants may be necessary [ 18 ,  19 ]. 
In South Sudan, for example, the overwhelming majority of deliveries still occur at 
home among unskilled birth attendants [ 20 ]. As this newly independent country 
works to build essential, facility-based skilled birth capacity, targeted training of 
community-based providers is occurring. The Massachusetts General Hospital’s 
Division of Global Health and Human Rights, in partnership with the Ministry of 
Health of South Sudan, developed an innovative training program for community- 
based health workers called Maternal, Newborn, and Child Survival (MNCS) [ 21 ]. 
MNCS aims to improve the identifi cation, initial management, and referral for the 
leading causes of maternal, newborn, and childhood mortality. The program utilizes 
setting-appropriate training, evidence-based checklists (Fig.  2.2 ), and reusable 
equipment and commodities. In contrast to HBB, MNCS is specifi cally intended for 
community-based, largely nonliterate, healthcare cadres [ 22 ]. Critical evaluation 
has shown that the program has improved frontline provider knowledge, practices, 
and referral to healthcare facilities.  

 Complementing these new setting-appropriate algorithms are innovations in 
resuscitative devices and training equipment. Historically, implementation and dis-
semination of newborn resuscitation management were signifi cantly limited by 
inaccessible and prohibitively expensive equipment. Bag-mask resuscitation devices 
(for ventilating asphyxia newborns) and bulb suction devices (for clearing newborn 
airways) that are used in developed countries are frequently single-use items, and a 
bag-mask device can cost upward of $100 USD or more [ 23 ]. Traditional newborn 
training mannequins were also exorbitantly expensive, costing hundreds or thou-
sands of dollars, and were, therefore, impractical in resource-limited settings. 

 Coinciding with the development of HBB—and critical to its success—was the 
production by Laerdal Medical of innovative and affordable resuscitative equipment 
that was designed specifi cally for resource-limited countries and that includes a 
reusable bag-mask device, bulb suction, and newborn training resuscitator [ 24 ]. The 
bag-mask device and bulb suction are boilable after each use and together cost less 
than $20 USD, making the equipment much more accessible to healthcare facilities 
and providers in resource-limited countries [ 25 ]. Laerdal’s training resuscitator, 
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  Fig. 2.2    Example of an 
MGH MNCS newborn 
resuscitation algorithm for 
nonliterate, community-based 
providers [ 22 ]       

  Fig. 2.3    Laerdal’s affordable training mannequin and resuscitative equipment for low- and 
middle- income countries [ 22 ]       

named NeoNatalie (Fig.  2.3 ), can be infl ated with air or fi lled with water and 
includes functioning lungs and umbilical cord pulse, depending on the model. 
NeoNatalie ($50 USD) greatly decreases the barriers to training providers and to 
building much-needed healthcare capacity in the settings where the vast majority of 
birth asphyxia-related deaths are occurring.   
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    Controlling Newborn Infections 

 Another leading cause of perinatal mortality is infection. These infections may be 
acquired prenatally, during the course of delivery, or postnatally. Antenatal inter-
ventions among pregnant mothers can reduce the likelihood of perinatal infections. 
Cost-effective interventions, which are recommended for all pregnant women in 
low- and middle-income settings, include tetanus toxoid vaccinations, insecticide- 
treated bed nets (for prevention of malaria), intermittent preventive treatment (IPT) 
of malaria, and screening and treatment for syphilis. 

 At the time of delivery, the WHO advocates for “six cleans”: clean hands of the 
attendant, clean delivery surface, clean blade for cutting the umbilical cord, clean 
cord tie, clean towels to dry and then wrap the newborn, and a clean cloth to wrap 
the mother [ 26 ]. Several of these come as part of clean delivery kits, which are 
developed and distributed by a large number of organizations, including the United 
Nations Population Fund (UNFPA) and the United Nations Children’s Fund 
(UNICEF). The kits can be adapted to meet unique local conditions and culture. In 
Nepal, for example, kit advocates discovered the traditional local practice of cutting 
the umbilical cord upon a hard surface, such as a coin [ 27 ]. Therefore, included in 
these clean delivery kits in Nepal was a clean plastic coin that practitioners could 
use as their cutting surface instead. 

 Other innovations are also being tested and introduced to reduce morbidity and 
mortality from newborn infections. Recent large trials in Bangladesh and Pakistan 
suggest that infections of the umbilical stump may be reduced by 20–40 % through 
the application of 4 % chlorhexidine solution to the stump [ 28 ,  29 ]. Another research 
also suggests a possible role for community-based administration of antibiotics and 
even topical emollients (e.g., sunfl ower oil) to the newborn for the treatment and 
prevention of newborn infections [ 30 ,  31 ].  

    Innovations in Newborn and Child Critical Care 

 Due to insuffi cient fi nancial and human resources, critical care medicine in low- and 
middle-income countries has largely been restricted to large tertiary referral hospi-
tals, and, even when available, it has frequently been severely limited in scope. 
However, recently established innovations, and other innovations currently in 
development, promise to expand the reach of critical care medicine and improve 
newborn and child health care in resource-limited countries beyond tertiary referral 
hospitals. Included among pediatric critical care advances are setting-appropriate 
innovations in ventilation, monitoring, thermoregulation, phototherapy, and infec-
tion control. It should also be noted that many of these innovations are also used 
among other patient populations beyond the newborn period. 

 Newborns who are signifi cantly ill or premature may need ongoing respiratory 
support. This support can come in the form of supplemental oxygen, continuous 
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positive airway pressure (CPAP), and mechanical ventilation. Oxygen concentrators 
can provide safe and affordable oxygen to patients by removing nitrogen from 
ambient air and supplying concentrated oxygen up to 10 L per minute. These 
machines do, however, require a continuous electrical supply, which may not always 
be feasible in many resource-poor settings. More signifi cant respiratory support can 
be provided with CPAP machines and newborn ventilators. Some of these machines 
may even include features such as variable selection of oxygen concentrations, 
optional power by car batteries, ability to monitor and regulate newborn tempera-
ture, simplifi ed settings for staff without high levels of newborn training, and simple 
design and parts to facilitate local repair. 

 Technology around newborn care is quickly evolving with new innovations 
being developed each year. Other examples of recent newborn innovations include 
vital sign monitoring/screening equipment (e.g., pulse oximetry, temperature moni-
toring, hemoglobin screening, jaundice screening, etc.), inexpensive newborn 
scales, incubators, warming cocoons, and jaundice phototherapy.   

    Rehydration 

 Discussion of childhood rehydration must begin with mention of one of the most 
notable child health innovations worldwide: oral rehydration therapy (ORT) for the 
prevention and management of dehydration. Identifi ed by the  Lancet  as “potentially 
the most important medical advance” of the twentieth century, this example illus-
trates well the great potential for simple innovations to save millions of childhood 
lives each year [ 32 ]. 

 Dehydrating diarrheal illness is among the leading causes of childhood mortality 
in low- and middle-income countries and is responsible for up to a million child-
hood deaths each year [ 5 ]. Diarrhea can be particularly concerning within urban 
settings where there is frequently overcrowding, contaminated water, and inade-
quate sewage systems. MDG 4 specifi cally addresses the need to revitalize efforts 
against diarrhea. The primary tool in managing diarrheal illness and its resulting 
dehydration is ORT, which consists of a simple solution of water, salts, and sugars 
[ 32 ]. First investigated in the 1940s, developed further over subsequent decades by 
cholera researchers in Bangladesh and India, ORT was ultimately endorsed in 1978 
by the WHO as the cornerstone for fi ghting diarrheal illness. 

 The physiologic effectiveness of the ORT relies on a simple salt-sugar solution 
creating an osmotic gradient across the intestinal wall. As a result of the gradient, 
water is absorbed much more effectively into the body than would otherwise occur 
without the solutes. The patient is, therefore, more readily rehydrated. In fact, ORT 
has been shown to be as effective as intravenous (IV) rehydration in mild and 
 moderate dehydration and is more readily available and affordable [ 33 ]. Largely as 
a result of ORT, the number of annual deaths in children aged 0–4 decreased by 3.1 
million between 1979 and 1995 [ 34 ]. 

 Although oral rehydration is the preferred route for rehydrating children (when 
clinically appropriate and tolerated), there are a number of alternative rehydration 
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strategies that have advantages in specifi c circumstances. These alternative rehydration 
routes include IV, nasogastric, intraosseous, intraperitoneal, subcutaneous (or hypo-
dermoclysis), and proctoclysis rehydration [ 35 ].  

    Nutrition 

 Children typically have less nutritional reserve than adults and are, therefore, par-
ticularly susceptible to malnutrition. Both a cause and a manifestation of poverty, 
malnourishment contributes to up to half of under-fi ve deaths globally. Approximately 
826 million people in the world are malnourished, 792 million of which are in the 
developing world, and malnutrition is on the rise in urban settings [ 36 ]. Poor nutri-
tion depletes children of essential nutrients, rendering them underweight, weakened, 
and vulnerable to infections. It is estimated that feeding children an adequate diet 
would prevent one million deaths per year caused by pneumonia, 800,000 caused by 
diarrhea, 500,000 caused by malaria, and 250,000 caused by measles [ 37 ]. 

 Various ready-to-use therapeutic foods (RUTF) have been developed to assist 
with acute malnourishment. Plumpy’Nut, the fi rst RUTF developed by Nutriset in 
1996, is intended specifi cally for the treatment of severe acute malnutrition. 
Described by Save the Children as a “miracle cure,” Plumpy’Nut is a peanut-based 
paste with sugar, vegetable fat, and skimmed milk powder, enriched with vitamins 
and minerals, providing 500 kcal per sachet. As a ready-to-use food, Plumpy’Nut 
requires no preparation, no dilution in water prior to use, no cooking, and can be 
consumed directly from the sachet. Another RUTF, BP-100, acts similarly as a 
high-nutrient supplement and can be served either as a biscuit or as porridge when 
mixed with water. Neither BP-100 nor Plumpy’Nut requires the addition of water, 
eliminating the need for dilution instructions or the need for clean water, which is 
frequently unavailable in urban settings. Cooking and other preparations can also be 
avoided [ 38 ]. A joint declaration in May 2007 by the WHO, UNICEF, World Food 
Programme (WFP), and the UN Committee on Nutrition recommended RUTF as an 
essential community-based management of severe acute malnutrition [ 39 ]. 

 An additional innovation for addressing childhood malnutrition is the mid-upper 
arm circumference (MUAC) tape (Fig.  2.4 ), which is an inexpensive and effective 
way of screening for malnourishment (specifi cally, marasmic malnutrition) in chil-
dren ages 6–59 months. This simple tape is wrapped around the child’s upper arm, 
midway between the tip of the shoulder and the tip of the elbow, and uses color- 
coding to indicate whether the child is likely suffering from malnourishment: red 
suggests severe malnourishment, orange suggests moderate malnourishment, yel-
low suggests a risk for malnourishment, and green suggests adequate nourishment. 
Many children in a community can be quickly screened using the MUAC tape and 
referred as indicated to a health facility for additional diagnosis and management. 
The WHO and UNICEF defi ne non-edematous severe acute malnutrition either by 
a MUAC measurement of less than 115 mm or by a weight-for-height z-score less 
than −3 [ 40 ].  
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    Micronutrient Fortifi cation 

 Micronutrient and vitamin defi ciencies have been identifi ed as the “hidden hunger” 
of the developing world [ 41 ]. Inadequate levels of vitamin A, iron, zinc, and insuf-
fi cient intake of fruits and vegetables can deprive children of essential nutrients, 
rendering them more vulnerable to a plethora of morbidities including blindness, 
scurvy, stunting, lower IQ, and death. The Copenhagen Consensus project on hun-
ger and malnutrition reported that efforts to provide vitamin A, iodine, iron, and zinc 

  Fig. 2.4    Mid-upper arm circumference (MUAC) tape for the screening of childhood marasmic 
malnutrition ( Source : Nick Cunard/CHI-Photo/Rex Features. Available at:   http://www.telegraph.
co.uk/health/expathealth/9017878/Expat-guide-to-India-health-care.html    )       
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rendered greater advantage than malaria, water, or sanitation programs [ 42 ]. Vitamin 
A supplementation is recognized as one of the most cost-effective interventions for 
improving child survival [ 37 ]. The WHO estimates that worldwide 100–140 million 
children are vitamin A defi cient, causing 1–3 million deaths per year [ 43 ]. These 
children suffer a dramatically increased risk of death, ear infection, respiratory dis-
ease, and illness, especially from measles and diarrhea. As part of the global call to 
action, the UN Special Session on Children in 2002 set as one of its goals the elimi-
nation of vitamin A defi ciency and its consequences by the year 2010. Studies have 
found that a single oral dose of vitamin A given to children shortly after birth can 
reduce their risk of death by 15 % [ 44 ]. A combination of vitamin A with vaccines 
has proven particularly successful. In 1987 the WHO advocated for the combined 
administration of vitamin A with the measles vaccine in countries where vitamin A 
defi ciency is problematic. 

 Zinc supplementation used in conjunction with ORT has signifi cantly reduced 
diarrhea and pneumonia among children. It has been observed that a weekly dose of 
70 mg not only reduces the incidence of pneumonia, overall mortality is also 
reduced by 85 % [ 45 ]. The Sprinkles Global Health Initiative developed a home 
fortifi cation solution in an attempt to treat micronutrient defi ciencies among young 
children and other vulnerable groups at risk. Sprinkles are sachets containing a 
blend of micronutrients in powder form that can be sprinkled onto semi-solid foods 
in the home. Clinical trials in Ghana and Western Kenya have shown that even with 
low and infrequent use, Supplefer Sprinkles decreased rates of anemia, iron, and 
vitamin A defi ciency in children in a resource-poor setting [ 46 ].  

    Nutrition and mHealth 

 Several studies indicate a growing adoption rate of information and communication 
technologies in the developing world. A common proxy for this is the use of mobile 
phones. In a world almost entirely covered in mobile phone networks, it is not sur-
prising that international development efforts are increasingly focused on leverag-
ing this technology to improve program reach [ 47 ]. RapidSMS, a collaboration 
among Columbia University and UNICEF, explored the use of mobile phones as a 
tool to collect and transmit child nutrition information via text messages (SMS). 
Utilizing an open-source software platform, the mobile phone was presented as an 
electronic input device for health workers, permitting the transmission of data 
directly to a central server at the national government level (Fig.  2.5 ). The pilot 
study of RapidSMS demonstrated that government and development workers ben-
efi ted from real-time data access and analysis. Health workers received instant feed-
back messages confi rming the information sent and provided additional directions 
if malnutrition was indicated by the data received.  

 UNICEF has also used the RapidSMS platform for fi eld data collection purposes 
in Ethiopia to monitor the supply and distribution of the ready-to-use food 
Plumpy’Nut.   
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    Vaccinations 

 Approximately 2.5 million under-fi ve deaths are averted each year by immunization 
against diphtheria, pertussis, tetanus (DPT), and measles [ 48 ]. Global vaccination 
coverage is improving: 130 countries have been able to administer all three primary 
doses of the DPT vaccine to 90 % of children aged one and younger. Nevertheless, 
it has been reported that in 2010, over 19 million children still did not get all 
three primary doses of DPT vaccination. Childhood vaccination rates in urban 

  Fig. 2.5    RapidSMS is a mobile phone-based platform that can be used for data collection ( Source : 
UNICEF Malawi and UNICEF Innovations. Using mobile phones to improve child nutrition sur-
veillance in Malawi. June 2009. Available at:   http://www.sipa.columbia.edu/academics/concentra-
tions/epd/documents/UNICEFFinalReport_2009.pdf    )       
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settings have waned, while overcrowding has increased the risks for communicable, 
vaccine- preventable diseases. In this section, we examine innovative methods that 
have been adopted to deliver vaccination across resource-poor countries. 

 Measles is one of the primary preventable childhood diseases continuing to claim 
the lives of thousands of children worldwide. The WHO estimates that more than 
95 % of measles deaths occur in low-income countries with weak health infrastruc-
tures [ 49 ]. Measles is a highly-contagious, serious disease caused by a virus in the 
paramyxovirus family and is spread person-to-person through coughing, sneezing, 
or close or direct contact with infected nasal or throat secretions. It is particularly 
worrisome in population-dense environments, such as urban slums or refugee 
camps. Before 1980, before widespread vaccination, measles caused an estimated 
2.6 million deaths each year. 

 Fortunately, accelerated immunization activities have had a major positive 
impact on reducing measles deaths. From 2001 to 2011, more than one billion chil-
dren aged 9 months to 14 years who live in high-risk countries were vaccinated 
against the disease. Measles vaccination resulted in a 74 % drop in measles deaths 
between 2000 and 2010, worldwide [ 49 ,  50 ]. The vaccine is safe, effective, and 
inexpensive, costing less than one US dollar to immunize a child against measles. In 
April 2012, a Global Measles and Rubella Strategic Plan was launched, which 
aimed to entirely eliminate measles and rubella in at least fi ve WHO regions. In 
addition, implementation of vitamin distribution alongside measles vaccination has 
proven effective in low- and middle-income countries. In these regions, the WHO 
recommends that all children diagnosed with measles receive two doses of vitamin 
A supplements, given 24 hours apart. This can help prevent eye damage and blind-
ness. Vitamin A supplements have been shown to reduce the number of deaths from 
measles by 50 %. It has even been advocated that fortifi cation or supplementation 
with vitamin A or zinc and measles immunization should be pushed to their highest 
possible levels before supplementation of food [ 37 ]. 

 The prevalence of diarrheal illness can also be reduced through vaccine innovations. 
While numerous pathogens can cause diarrhea, rotavirus is one of the most deadly and 
has been identifi ed as the most common cause of diarrhea in children in the developing 
world [ 51 ]. Traditional hygiene measures have proven ineffective in fully combating 
the devastating effects of the virus, which also causes vomiting, rendering attempts of 
hydration provided by oral rehydration therapies ineffective. It has been estimated that 
nearly 85 % of rotavirus-related deaths occur in the developing world [ 52 ]. 

 The rotavirus vaccine was initially accepted for use in 14 countries in the 
Americas and Europe only. In 2005, the WHO’s Strategic Advisory Group of Experts 
(SAGE) stated that they were not yet in a position to make a global recommendation 
about the use of rotavirus vaccines. However, a clinical trial, funded in part by the 
Global Alliance for Vaccines and Immunization (GAVI), alongside PATH, WHO, 
GlaxoSmithKline (GSK), and research institutions in low- socioeconomic settings of 
South Africa and Malawi, found that the vaccine signifi cantly reduced severe diar-
rhea episodes due to rotavirus. Results revealed that vaccines with even moderate 
effi cacy have the potential to prevent a substantial number of childhood deaths in 
regions where rotavirus has deadly consequences, predominantly Africa and Asia 
[ 53 ]. In 2009, the WHO recommended that rotavirus vaccination—Rotarix (GSK) 

B.D. Nelson et al.



31

and RotaTeq (Merck)—be included in all national immunization programs world-
wide [ 54 ]. SAGE also emphasized the importance of providing rotavirus vaccina-
tion in the context of improvement of water quality, hygiene, and sanitation, and 
provision of oral rehydration solution and zinc supplements. 

 Another vaccine-preventable childhood illness is polio. In 2003, Dr. Gro Harlem 
Brundtland, Director-General of WHO, reported that there was no moral or eco-
nomic justifi cation for any child anywhere in the world to be crippled by polio [ 55 ]. 
Four countries—India, Afghanistan, Pakistan, and Nigeria—are still endemic for 
polio. Cases of polio remain highest in India, where, by 2003, 85 % of new polio 
cases were identifi ed. The polio vaccine, which contains the three strains of polio-
virus, can protect a child for life. Vaccination against polio commenced in 1978 in 
India with the Expanded Program on Immunization (EPI). A collaboration between 
the WHO and the Indian Government introduced the National Polio Surveillance 
Project, and strategies involved immunizing children less than 3 years with a single 
dose of oral polio vaccine at polio booths all over the country on two national immu-
nization days. Children that were not immunized were targeted through house-to- 
house search. 

 Pneumococcal vaccines prevent certain forms of pneumonia, the leading vaccine- 
preventable killer of children under the age of fi ve. It is estimated that 700,000–1 
million children under the age of fi ve die of severe pneumococcal infections [ 56 ]. 
However, the effectiveness of the vaccine in children under 2 years of age remains 
unclear—unfortunately excluding the use of the vaccine in the most important tar-
get group for pneumococcal vaccines: the youngest children in low- and middle-
income countries [ 57 ]. 

 A number of diseases continue to evade vaccination.  Plasmodium falciparum  
malaria, a major cause of infectious mortality, presents a great challenge to vaccine 
developers [ 58 ]. Vaccine prototypes have entered clinical trials. The RTS,S/AS01 
 Plasmodium falciparum  malaria vaccine has been celebrated as the fi rst malaria 
vaccine. The vaccine, developed by a public-private partnership between 
GlaxoSmithKline and PATH Malaria Vaccine Initiative and supported by the Bill & 
Melinda Gates Foundation, is primarily for use in infants and young children in sub- 
Saharan Africa. It has been predicted to become available in 3 years, but there is no 
vaccination presently being utilized to combat this deadly disease. Challenges are 
not merely scientifi c; delivery methods, partnerships between governments and 
educational departments, and funding and political commitment remain imperative 
diffi culties pertaining to the availability of any vaccinations.  

    HIV/AIDS 

 HIV has devastating consequences for children in low- and middle-income coun-
tries and is one of the primary contributing factors that keep the poorest on our 
planet poor. At the end of 2009, it was estimated by the WHO that 2.5 million chil-
dren were HIV positive, the majority of whom live in sub-Saharan Africa [ 59 ]. 
Prevention of HIV infection is paramount in combating the virus, and preventing 
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new HIV infections in children is the only long-term sustainable way to conquer the 
HIV epidemic. With by far the most common cause of infection in children being 
vertical transmission from mother to infant during and after pregnancy, much 
research has been tailored toward the prevention of mother-to-child transmission 
(PMTCT) of HIV. Using existing interventions, PMTCT can be reduced to 2 % or 
lower. However, these interventions are rarely fully accessible in low- and middle- 
income countries. Meanwhile, for the children already infected with the virus, only 
500,000 are estimated to be receiving antiretroviral therapy, leaving a further two 
million children untreated. Innovations in the diagnosis, treatment, and manage-
ment of children infected with HIV are continually sought. 

 In this next section, we look at the innovations in PMTCT of HIV, diagnosis of 
HIV in children in low-income countries, pediatric treatment and management of 
the virus, and what is being done to overcome the many barriers faced by children 
affected by the HIV epidemic. 

    PMTCT, ARV Prophylaxis, and Breastfeeding 

 The most common cause worldwide for children acquiring the HIV infection is 
through mother-to-child transmission (MTCT). Prevention of MTCT of HIV has 
enabled effi cacious and effective prophylactic treatment of HIV-positive mothers 
and represents the best hope to reduce HIV in children. Prophylactic prevention 
strategies include prevention of in utero and intrapartum transmission of HIV infec-
tion with antiretroviral therapy as well as prevention of postnatal transmission in 
breastfeeding. 

 A number of evidence-based approaches and innovations for preventing trans-
mission by breastfeeding have been developed and deserve discussion. In the devel-
oped world (e.g., North America, Europe, etc.), mothers with HIV are strongly 
discouraged from breastfeeding their children. However, in low- and middle-income 
countries, the WHO recommends that all mothers—including those with HIV—exclu-
sively breastfeed their newborns during the fi rst 6 months of life. Although at fi rst 
glance the ethics of these contrasting guidelines may seem puzzling, research now 
clearly shows that the health risks to the newborn are less from being breastfed by 
an HIV-positive mother than from using milk substitutes. Substitutes to breastfeed-
ing, such as newborn formulas, are frequently prohibitively expensive in resource- 
limited settings and, more importantly, greatly expose the newborn to formula 
mixed with unclean water. Diarrheal illness represents a greater health threat to 
these newborns than HIV transmission. Furthermore, milk substitutes lack the very 
useful maternal antibodies and ideal nutrition found in breast milk. 

 Several innovations have, therefore, been introduced to reduce the transmission 
of HIV to children while exclusively breastfeeding. Efforts have included breast 
milk pasteurization, breast milk banking, extended postnatal antiretroviral therapy, 
and other approaches for reducing HIV transmission via breast milk [ 60 ]. 
Breastfeeding nipple shields have also been utilized in reducing MTCT of HIV. The 
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JustMilk project, for example, is presently aiming to provide a modifi ed nipple 
shield that could deliver antiretroviral drugs to the infant for prophylaxis against 
infection or release an edible microbicide into breast milk that directly reduces HIV 
infectivity in the milk [ 61 ]. 

 There is also ongoing research into the effectiveness of extended postnatal anti-
retroviral prophylaxis during breastfeeding. A Cochrane review in 2009 concluded 
that although complete avoidance of breastfeeding is effi cient in preventing MTCT 
of HIV, it has signifi cant associated morbidity, including diarrheal disease when 
formula is prepared without clean water. Therefore, they recommend two interven-
tions to prevent transmission if breastfeeding is initiated: (1) exclusive breastfeed-
ing during the fi rst few months of life; and (2) chronic antiretroviral prophylaxis to 
the infant (nevirapine alone or nevirapine with zidovudine) [ 62 ]. It is hoped that 
additional research efforts in this fi eld can further maximize the number of healthy, 
thriving, HIV-free children around the world [ 60 ].  

    Diagnosis of HIV in Children 

 In resource-limited countries, diagnosing children and newborns with HIV remains 
challenging. In these settings, other infections and malnutrition may mimic the signs 
and symptoms of AIDS, and diagnosis is complicated by the fact that infants retain 
maternal antibodies for up to 12–18 months after birth [ 63 ]. The enzyme- linked 
immunosorbent assay (ELISA) HIV tests used for adult diagnosis in resource- limited 
settings do not distinguish between maternal and infant antibodies. RNA polymerase 
chain reaction (PCR) and other assays to detect the virus remain too expensive for 
use in resource-poor settings. Consequently, in some parts of sub- Saharan Africa, 
practical clinical diagnosis is based on the integrated management of childhood ill-
ness (IMCI) algorithm developed by the WHO and UNICEF [ 64 ]. IMCI permits 
trained providers to recognize symptoms consistent with HIV infection. 

 One of the greatest innovations in the diagnosis of HIV in children and infants has 
come in the use of dried blood spot testing (Fig.  2.6 ). Unlike traditional blood col-
lection, a dried blood spot sample is easy to prepare in resource-limited settings and 
can be stored and shipped to central testing facilities without refrigeration. A study 
performed in South Africa found that the Roche Amplicor assay for diagnosing HIV 
from dried spot testing had a sensitivity of 100 % and a specifi city of 99.6 %, making 
it incredibly precise in diagnosing and ruling out HIV infection [ 65 ]. For this reason, 
HIV DNA PCR tests on dried blood spots have a massive potential to improve 
healthcare delivery to HIV-affected children in low-resource settings.  

 Universal screening of infants for HIV infection in an immunization clinic has 
had some positive results. Among 646 mothers bringing infants for immunizations, 
584 (90.4 %) agreed to HIV testing of their infant and 332 (56.8 %) subsequently 
returned for results. Furthermore, most mothers interviewed said they were com-
fortable with testing of their infant at immunization clinics and would recommend 
it to others [ 66 ]. 
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 As many people in low- and middle-income countries do not have access to labo-
ratory services, point-of-care (POC) tests for the diagnosis of HIV and other infec-
tions are becoming increasingly available. POC tests, requiring no laboratory 
equipment and minimal training, are now available for HIV infection, syphilis, and 
malaria. Nevertheless, these tests should be used in conjunction with clinical status, 
history, and risk factors of the person being tested.  

    Treatment of Children with HIV 

 Several barriers exist to the proper diagnosis and management of pediatric 
HIV. UNICEF reports that distance from a health facility, poor transportation, lack 
of supplies and medications, limited trained staff, cost of services, and stigma are a 
few of the obstacles keeping people from being tested or receiving treatment [ 67 ]. 
These barriers are present in many urban settings. 

 As a result, HIV-positive children are often not diagnosed nor treated. Despite 
growing research on the effi cacy of HIV treatment in children and the need for anti-
retroviral therapy (ART) to be commenced early in infants, pediatric HIV treatment 
has remained overshadowed by adult HIV treatment in resource-poor settings [ 68 ]. 
According to UNAIDS data, only 37 % of adults receive HIV receive treatment, 
whereas only 28 % of eligible children are on this life-saving therapy [ 69 ]. In some 
low- and middle-income countries, the disparities are even more marked. 

  Fig. 2.6    Nurse takes a sample from a child using dried blood spot testing (©UNICEF/
NYHQ2009- 0733/ Nesbitt.   http://www.unicef.org/aids/index_51950.html    )       
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 To overcome these disparities, some focus has been directed toward a greater empha-
sis on family-directed services in order to improve treatment of children in resource-
limited settings [ 70 ]. A recent systematic review found the use of a home- based nursing 
scheme improved ART adherence. However, in other studies, peer- support groups for 
adolescents have not demonstrated effectiveness in improving adherence. Much more 
research is needed to improving pediatric adherence to ART [ 71 ]. 

 HIV infection remains heavily stigmatized throughout the world, and people liv-
ing with HIV infection continue to face discrimination. Stigma and discrimination 
are considered major barriers to HIV prevention, diagnosis, and care-seeking behav-
ior [ 72 ]. A study in Zambia reported HIV/AIDS-related stigma in schools came in 
forms of rejection, gossip, and taunts [ 73 ]. HIV/AIDS-related stigma forces the 
epidemic underground and is one of the main reasons that people do not wish to 
know their HIV status, contributing to vertical transmission to children. Stigma- 
reduction interventions exist, although they are frequently demoted to the bottom of 
HIV/AIDS program priorities [ 74 ]. These interventions include counseling, 
cognitive- behavioral therapy, support groups, empowerment, home-care teams, 
community education, and policy development [ 75 ]. 

 Mobile phone technology has also been utilized to improve HIV awareness and 
enhance behavior change. Text to Change, a nonprofi t in Uganda, utilized mobile 
messaging to increase awareness around HIV/AIDS [ 76 ]. The intervention 
included a multiple-choice quiz related to HIV awareness that was sent by text 
message to more than 15,000 people in southwest Uganda. During the weeks after 
the awareness quiz text, there was a 40 % increase in HIV testing in the region. 
Nevertheless, the impact that this intervention had on children specifi cally is not 
known, and UNICEF cautions that relying signifi cantly on technology to raise 
awareness may not reach the poorest, most vulnerable subgroups, for whom tech-
nology is not an option. 

 Other mHealth innovations for addressing the HIV epidemic include patient track-
ing, relay of centralized laboratory results, patient ART adherence reminders, provider 
support and guidelines, continuing medical education, and data collection.   

    Conclusion 

 Newborns and children in resource-limited settings are among society’s most vulner-
able groups. Children in dense urban environments are at particular risk. Fortunately, 
effective innovations to improve newborn and child health exist and are currently 
saving millions of lives each year. Table  2.1  summarizes examples of innovations 
discussed in this chapter. These innovations include interventions for newborns, 
childhood rehydration, nutrition, vitamins, vaccinations, and HIV/AIDS. Improving 
availability and access to these solutions is an important priority worldwide.
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   Table 2.1    Examples of child health innovations discussed in this chapter   

 Summary table of example innovations 

  Newborn health  
 Setting-appropriate resuscitation algorithms 
 Reusable bag-mask device 
 Reusable bulb suction 
 Newborn training mannequin 
 Oxygen concentrators 
 Vital sign monitoring/screening equipment 
 Skin-to-skin care 
 Facility-based deliveries 
  Infection  
 Insecticide-treated bed nets 
 Intermittent preventive treatment for malaria 
 Screening and treatment for syphilis 
 Clean delivery kits 
 4 % chlorhexidine solution to the umbilical stump 
 Tetanus toxoid vaccination 
 Measles vaccination 
 Rotavirus vaccination 
 Oral polio vaccination 
 Pneumococcal vaccination 
  Dehydration  
 Oral rehydration therapy 
 Alternative rehydration methods, including intravenous, nasogastric, intraosseous, 
intraperitoneal, subcutaneous (or hypodermoclysis), and proctoclysis 
  Malnutrition  
 Ready-to-use therapeutic foods (RUTF) (e.g., Plumpy’Nut) 
 Mid-upper arm circumference (MUAC) tape 
 Vitamin A supplementation 
 Zinc supplementation 
 RapidSMS 
  HIV/AIDS  
 Breast milk pasteurization 
 Breast milk banking 
 Postnatal antiretroviral therapy 
 ELISA HIV tests 
 IMCI algorithm 
 Dried blood spot testing 
 Point-of-care testing 
 “Text to Change” 
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    Chapter 3   
 Addressing Micronutrient Malnutrition 
in Urban Settings       

       Laura     A.     Rowe       and     David     M.     Dodson    

            Introduction 

 There is increasing dialogue around the dichotomy that a world dominated by urban 
settings and urban populations can offer. On the one hand, cities provide increased 
opportunity to benefi t from education and job opportunities, health and social ser-
vices, and other consolidated and effi cient delivery systems (i.e., if one can access 
them). For those who cannot access these benefi ts, the threats can be daunting: 
suboptimal environments, poor dietary options, and increased exposure and risk to 
infectious and chronic disease. 

 A 2010 global report published jointly by the World Health Organization (WHO) 
and the United Nations Human Settlements Programme (UN-HABITAT) offers 
four broad, overarching factors that can infl uence the health of the urban poor, 
including “food security and food quality” [ 1 ]. Access to nutritious foods for those 
living in poor urban settings is often more of a problem than the availability of these 
foods; there may be plenty of healthy options available, but they may be diffi cult to 
fi nd or unaffordable. 

 This chapter describes a proven and effective strategy to impact food quality in 
urban settings through the implementation of national, mandatory food fortifi cation 
programs. By leveraging what large sectors of the urban population already have 
access to and are already consuming on a regular basis, no new delivery mecha-
nisms are needed, limited behavior change is required, and no additional responsi-
bilities are placed on the healthcare system. A country can consistently reach large 
portions of its population, including many of the most vulnerable, with enough 
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essential vitamins and minerals to positively and signifi cantly impact nutritional 
status. This is exactly what food fortifi cation aims to do. 

 Now more than ever, under the context of expanding urbanization in the devel-
oping world [ 2 ], we face the challenge of tackling growing rates of urban malnutri-
tion and chronic disease. Both burdens have roots in a lack of essential vitamins and 
minerals. Food fortifi cation has proven to be one of the most cost-effective interven-
tions to address micronutrient malnutrition in the developing world—it is particu-
larly relevant for the urban poor because of this population’s high consumption of 
centrally processed foods [ 3 ], limited access to micronutrient-rich foods [ 4 ], dispro-
portionately high burden of disease [ 1 ], and strong reliance on a consolidated food 
delivery system. 

 Based on Project Healthy Children’s experience assisting governments to design 
and implement national food fortifi cation programs, this chapter describes: (1) 
micronutrient malnutrition, particularly in the context of urban settings, (2) multiple 
interventions that exist to address this form of malnutrition, (3) why food fortifi ca-
tion is a well-suited strategy for urban populations, (4) broad steps necessary to 
design a program, and (5) critical components needed to successfully implement a 
national food fortifi cation program in urban settings, including lessons learned from 
past programs.  

    Background: Global Micronutrient Malnutrition 

 Micronutrient malnutrition, also referred to as “hidden hunger” due to the fact that it 
can exist without any clinical manifestations, occurs most commonly among popula-
tions that consume a low  quality  or unvaried diet, regardless of the amount of calories 
consumed. Such diets are often lacking in nutrient-rich foods (meat, eggs, fi sh, fruit, 
vegetable, legumes) and occur in settings where populations rely heavily on one or 
two low-cost but bulky staple foods, such as cereals, roots, and tubers containing few 
micronutrients [ 5 ]. It can also occur among those who rely heavily on poor-quality, 
highly processed foods [ 1 ], which is often the case in poor urban settings. Inadequate 
dietary intake can be compounded by the presence of dietary inhibitors (compounds 
such as phytic and oxalic acid and tannins found in certain foods) and health condi-
tions such as intestinal parasites, malaria, diarrhea, acute respiratory tract infection, 
HIV, and obesity, inhibiting nutrient absorption. Evidence suggests that  over two 
billion  people worldwide suffer from this “hidden hunger” [ 6 ]. 

  What is the impact ? The WHO has identifi ed iodine, iron, vitamin A, and zinc 
defi ciencies as serious health risk factors [ 7 ] responsible for a signifi cant portion of 
the global burden of disease and an enormous drain on national economies. 
Annually 1.1 million children under the age of fi ve die due to vitamin A and zinc 
defi ciencies, with vitamin A defi ciency representing 6.5 % of the global child mor-
tality burden [ 8 ]. Iron defi ciency causes over 600,000 stillbirths and neonatal deaths 
every year and more than 100,000 maternal deaths during pregnancy [ 9 ]. Each year, 
300,000 children are born with one of the most common and severe kinds of birth 

L.A. Rowe and D.M. Dodson



43

defects, known as neural tube defects (NTDs). NTDs result in an open spine (spina 
bifi da), an open skull (encephalocele), or a lack of a brain (anencephaly), due to 
maternal folate defi ciency [ 10 ]. Seventy fi ve percent of these cases could be pre-
vented with suffi cient folate intake [ 10 ] at a cost of less than fi ve cents per person 
per year [ 11 ]. 

 Poor urban populations living in crowded and unsanitary living conditions where 
infections thrive are at a greater disadvantage than their rural counterparts. Dismal 
living conditions wreak havoc on the immune system, weakening its ability to ward 
off infection and increasing the risk of diarrhea, pneumonia, measles, and malnutri-
tion [ 1 ]. Concentrated living conditions increase the chance of spreading airborne 
diseases to family members and the community, while the lack of latrines in con-
fi ned urban settings increases the chance of spreading disease through human waste. 
This makes having an inadequate supply of micronutrients that much riskier—and 
an adequate supply that much more powerful in these settings. 

 If one survives the effects of micronutrient malnutrition, there are often lasting 
adverse impacts on education, productivity, and health [ 12 ]. The micronutrient 
health of a child has an enormous impact on that child’s long-term cognitive abil-
ity. During the early stages of life in utero and up to 5 years of age, irreversible 
developmental delays can occur if proper micronutrients are not available. For 
example, although pregnant women require hardly a pinch of iodine a day (220 μg 
or 0.00022 g) [ 13 ], 18 million babies are born each year mentally impaired due to 
maternal iodine defi ciency, which leads to a loss of up to 15 IQ points and an 
earning potential at least 20 % less than their healthy counterparts [ 12 ]. This out-
come cannot be reversed in later years, since the small window of growth and 
development for the brain is missed and/or compromised. This undermines the 
impact of schooling and explains why children can attend classes year after year 
without progressing [ 14 ]. In light of this, it is worrisome that the development 
community (i.e., bilateral and multilateral aid commitments) spends roughly 
US$5.6 billion a year in aid-related education programs [ 15 ] when students may 
lack the ability to retain information or concentrate as a result of vitamin and 
mineral defi ciencies. 

 The same needs hold true for vitamin A. Less than 1 mg of vitamin A per day is 
needed to maintain proper health [ 16 ], yet each year, 350,000 cases of childhood 
blindness occur, and countless diseases persist (as a result of vitamin A’s impact on 
the immune system) due to insuffi cient intake [ 6 ]. It has been estimated that under-
nutrition (including micronutrient malnutrition) contributes to at least 53 % of 
deaths associated with infectious disease among children in the developing world 
[ 2 ]—a remarkable statistic, given the resources spent to battle and treat infectious 
diseases, when prevention could cut these deaths in half. 

 Early in life, undernutrition permanently changes or reprograms the body’s 
structure, physiology, and metabolism [ 17 ]. This reprogramming alters biological 
mechanisms such as the distribution of blood fl ow; the production of insulin, growth 
hormones, and glucose tolerance; cholesterol metabolism and blood coagulation; 
fat tissue distribution; renal functioning; and vascular structure [ 18 ]. All of this 
increases the risk of developing noncommunicable diseases (NCDs) later in life, 
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such as diabetes, cancer, and cardiovascular disease [ 18 – 20 ]. This is of particular 
concern in urban settings where obesity and NCD rates are increasing due to changes 
in diet and physical activity [ 21 ,  22 ]. In fact, overweight and obesity are no longer 
only problems of the developed world. As of 2005, the prevalence of overweight 
and obesity exceeded that of undernutrition in the majority of 37 different develop-
ing countries [ 17 ]. 

 A vicious cycle emerges: the presence of disease increases the risk of micronutri-
ent malnutrition by hindering absorption of key nutrients, just as undernutrition and 
vitamin and mineral defi ciency increase the risk of infectious and chronic disease by 
preventing the proper functioning of the immune system and other critical meta-
bolic processes. Individuals who lack essential nutrients in utero but are exposed to 
excess calories in childhood and adolescence (an increasingly common scenario 
given the demographic shift from rural to urban settings) risk an even greater threat 
of chronic disease [ 17 ,  23 ]. 

 Finally, annual GDP losses attributable to micronutrient defi ciencies are esti-
mated to be 2–3 % for developing nations [ 24 ], equivalent to direct costs of 
US$20–30 billion [ 12 ]. However, this number excludes losses attributable to 
chronic disease [ 25 ].  

    Interventions to Address Micronutrient Malnutrition 

 Four main strategies to address micronutrient malnutrition have been endorsed by 
the WHO and the United Nations Food and Agriculture Organization (FAO) [ 5 ]: 
dietary diversity and nutrition education, supplementation, food fortifi cation, and 
disease control measures. Most recently, biofortifi cation has been introduced, but no 
global recommendations have yet been established. 

    Dietary Diversity/Nutrition Education 

 Dietary diversity and nutrition education initiatives encourage increasing the quan-
tity and range of micronutrient-rich foods consumed through, for example, the cre-
ation of kitchen gardens, provision of seeds and/or fertilizer to households, and 
encouraging nutritious food selection and preparation [ 5 ,  16 ]. Improving dietary 
diversity allows many nutrients found naturally in foods to complement one another 
and assist in effi cient absorption. Proper infant feeding is a critical component to 
nutrition education. Exclusive breastfeeding for the fi rst 6 months of life and ade-
quate complementary feeding after 6 months of age are vital during the formative 
years of a child’s life. Proper infant and young child feeding will determine, to a 
large extent, the future health of that child and should be given concerted attention 
regardless of other micronutrient strategies developed. 
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 However, the bioavailability of nutrients within particular diets should be 
considered. Populations consuming large amounts of tea, coffee, beans, and wheat 
 products are at risk of not absorbing enough nutrients, due to naturally occurring 
substances found in these products that inhibit absorption of minerals, which 
increases the risk of defi ciency. Similarly, iodine is obtained naturally from the soil 
or water from which food is grown. If a region’s soil is defi cient in iodine, so will 
any food that is grown in it, and there is little that can be done through the alteration 
of farming practices or consumption patterns to compensate for the poor iodine 
status of soils. 

 Dietary diversity and nutrition education are considered long-term approaches. 
The time it takes to change behavior, to increase accessibility and consumption of 
nutrient-rich foods, and to defend against potential outside factors that could derail 
its success (e.g., environmental conditions, such as drought, and economic situa-
tions, such as changes in individual household income because of illness and/or 
market price fl uctuations, all of which can prevent the growing, purchase, and con-
sumption of nutrient-rich foods) makes this a strategy that should be given focused 
attention  while  implementing other initiatives.  

    Supplementation 

 Supplementation is the periodic provision of relatively high amounts of a specifi c 
vitamin or mineral in the form of a capsule or pill. While in theory supplementation 
could be provided for an entire population, it has only been proven to be cost effec-
tive as an intervention targeting vulnerable populations, such as pregnant and post-
partum women and young children. Supplements are often distributed during 
national child health days or national immunization days. 

 Although the health benefi ts of supplementation programs are usually rapid, suc-
cess is contingent upon a number of factors: fi nancial resources to procure the rela-
tively expensive capsules; a means of distributing the tablets to the vulnerable 
population, usually through already established healthcare delivery systems (how-
ever, this excludes those who cannot or do not access to healthcare services); and 
individual compliance with supplement regimes, which is often a barrier, due to 
such side effects as gastrointestinal issues or perceived consequences of supplemen-
tation [ 5 ,  26 ] (e.g., intentions other than improving health status such as steriliza-
tion). Furthermore, since many pregnancies are unplanned, supplementation with 
iron and folic acid will not reach many adolescent girls and women at the time they 
need it most—preconception. 

 Supplementation is considered a short-term approach to addressing micronutri-
ent defi ciencies because of this intervention’s quick impact but high expense—as 
much as ten times that of fortifi cation in some settings (because of the labor-intensive 
nature of the program) [ 27 ,  28 ]. However, in many cases, there will always be 
groups, such as pregnant women, who need to consume more of a particular nutrient 
than can be provided by diet alone.  
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    Food Fortifi cation 

 Food fortifi cation is the addition of one or more essential nutrients to food. These 
nutrients are added (whether or not the nutrients are normally contained in the food) 
during the production process in order to prevent or correct a demonstrated nutri-
tional defi ciency in the population or target group [ 29 ]. The goal is to choose cen-
trally processed staple foods that are consumed in relatively consistent amounts 
throughout the year by the vast majority of the population, particularly the most 
vulnerable (e.g., women of childbearing age and children under 5 years of age). 

 Fortifi cants (vitamins and minerals) must be selected such that, when added to 
the food, they produce little to no organoleptic changes (i.e., in taste, smell, look, 
texture). Although this has been an obstacle in the past, technological advances have 
produced compounds that have successfully addressed these concerns. Since much 
of the implementation relies on the food industry’s established delivery system, 
fortifi cation has the potential to effi ciently reach very large portions of the 
population. 

 Fortifi ed foods, consumed on a regular and frequent basis, maintain body stores 
of nutrients more effi ciently and effectively than occasional, high-dose supplemen-
tation [ 30 ]. Fortifi cation also lowers the risk of multiple defi ciencies due to the 
interconnectedness of multiple micronutrients added or already within the food. For 
example, a defi ciency in vitamin A could cause a defi ciency in iron because of the 
biological mechanisms that connect these nutrients 1  [ 13 ,  31 ,  32 ]. Additionally, forti-
fi ed products are likely to contain levels of micronutrients that come close to levels 
that should be obtained from a regular, healthy diet [ 30 ]. 

 Success of a fortifi cation program, considered a longer-term approach, is contin-
gent upon a number of factors: most notably which vehicle and type of fortifi cants 
are chosen, the ability of implementing partners to effectively coordinate the private 
and public sector, and the presence of a strong monitoring system. Although it takes 
longer to see immediate impacts, the sustainability of this strategy is often unri-
valed. It will not, however, reach those living in remote rural areas or for other rea-
sons that prevent the consumption of industrially processed food unless implemented 
at a small-scale level. Recent work by Project Healthy Children in the development 
of fortifi cation at small-scale mills is currently being implemented and tested at 
scale in Tanzania.  

1   Vitamin A defi ciency can cause iron defi ciency due to vitamin A’s role in mobilizing iron stores, 
increasing absorption, and turning stem cells into red blood cells, while iron defi ciency may inhibit 
the effectiveness of iodine, since iron is needed in the fi rst few steps of thyroid hormone 
synthesis. 
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    Disease Control Measures 

 Many common diseases found in the developing world, such as diarrhea, measles, 
pneumonia, and malaria, decrease the body’s ability to absorb and metabolize con-
sumed micronutrients [ 33 ]. As a result, disease can indirectly cause micronutrient 
malnutrition. This leads to a downward spiral in an individual’s health status as 
disease suppresses the immune system and reduces the ability to retain important 
stocks of micronutrients required by the body to fi ght off existing and future infec-
tion. Finally, disease suppresses appetite, further reducing micronutrient levels. 
Although disease control measures do not directly increase the intake of micronu-
trients, they do mitigate the effects of micronutrient malnutrition by improving 
absorption and usage rates by the body. 

 Disease control measures usually include deworming, immunizations, water and sani-
tation control, and control of diarrhea and acute respiratory infections. For example, the 
treatment of hookworm infection reduces iron loss, thereby complementing strategies to 
improve iron status [ 16 ]. Similarly, measles adversely affects vitamin A metabolism, 
interfering with how effi ciently vitamin A is used and stored within the body [ 34 ,  35 ]. 
The presence of HIV can also have a signifi cant impact on micronutrient status because 
of the body’s decreased absorptive abilities when infected with this virus. Protein-energy 
malnutrition can impact vitamin A [ 36 – 38 ] status through several different mechanisms, 
one being the prevention of transport protein synthesis, which inhibits the use of the 
body’s stored vitamin A. These are a few examples of how disease states and exposures 
can infl uence our body’s ability to maintain optimal levels of micronutrients.  

    Biofortifi cation 

 Biofortifi cation is a strategy that breeds crops to increase their nutritional value. 
This can be done through conventional selective breeding (transgenic splicing) or 
genetic engineering [ 39 ]. Biofortifi cation improves plant characteristics by altering 
the makeup of the plant’s seed. This approach is advantageous, because it has the 
potential to reach those who cannot access the healthcare system or centrally pro-
cessed foods. It has the potential to be extremely sustainable if the seed stock is 
saved and reused. However, the unknown consequences of changing environmental 
factors and genetic engineering, the question of farmer acceptance, and the fact that 
this strategy is still in initial stages of development leave biofortifi cation as a poten-
tial solution for the future.  

    Pros and Cons of These Strategies 

 Successfully addressing micronutrient malnutrition depends largely on the right 
mix of tools chosen for a particular country setting and the right people and organi-
zations identifi ed to lead implementation [ 14 ,  16 ]. Each strategy targets a different 
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subgroup of the population, some larger than others, and each will supply a different 
percentage of the needed nutrient gap that exists. In general, fortifi cation and sup-
plementation hold the most promise for urban settings, while biofortifi cation and 
dietary diversity may prove to be the best strategies for rural populations. 
Implementers in each country should understand how different strategies comple-
ment and affect one another. For example, the successful implementation of a forti-
fi cation program may eliminate the need for portions of the population to receive 
supplementation. In Nicaragua [ 40 ] and Guatemala [ 41 ], where the supply of vita-
min A-fortifi ed sugar complemented vitamin A supplementation for children under 
36 months of age every 6 months, xerophthalmia was eliminated in Guatemala, and 
vitamin A defi ciency in Nicaragua was drastically reduced. The fortifi cation pro-
gram in these two countries removed the need to provide vitamin A supplementa-
tion to older children and postpartum women [ 42 ] since their needs were met 
through the fortifi cation program alone. Similarly, if direct micronutrient improve-
ment strategies are implemented without attention to reducing disease, the impact 
on micronutrient status will be less than expected (Table  3.1 ).

   Monitoring the impact of each strategy is important from a public health per-
spective to avoid supplying the population with unneeded nutrients, and from a 
monetary perspective, to avoid expenditures on overlapping programs that may no 
longer be needed.   

    Why Food Fortifi cation Is Particularly Well Suited for Urban 
Settings 

 Food fortifi cation programs come in many different forms [ 5 ]: targeted, market- 
driven, mass, and small-scale. Targeted programs involve the fortifi cation of spe-
cifi c foods to benefi t very specifi c portions of the population. Market-driven or 
voluntary programs involve manufacturers voluntarily deciding to fortify their 
product based on anticipated market demand. Mass fortifi cation refers to the fortifi -
cation of widely consumed foods by the general population and usually comes in 
the form of a mandatory program, as declared by the government. It is especially 
suited for urban populations. Small-scale fortifi cation involves implementation at 
village level mills, allowing for those who do not consume centrally processed food 
to benefi t. The bulk of this discussion will focus on mass fortifi cation programs 
because of their proven impact and reach. 

 Food fortifi cation programs implemented in urban settings stand out among 
other micronutrient-specifi c interventions for the following reasons: unparalleled 
reach [ 43 ] and need [ 1 ]; a reliance on a consolidated delivery system [ 30 ] that 
ensures access and eases monitoring; and proven impact. 

  Unparalleled reach and need . The goal of a fortifi cation program is to reach the 
vast majority (≥80 %) of the population in any geographic area with that popula-
tion’s daily needs of essential vitamins and minerals [ 44 ]. This is done most effec-
tively among populations that regularly consume similar centrally-processed foods 
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   Table 3.1    Key micronutrients—sources, functions, and consequences of defi ciency   

 Micronutrient  Food sources  Functions  Consequences of defi ciency 

 Iodine  Seafood, dairy, navy 
beans, eggs, breast 
milk (affected by 
maternal status) 

 • The thyroid gland 
uses iodine to 
make thyroid 
hormones, which 
in turn directs 
brain 
development 

 • Particularly 
essential in the 
developing fetus 
for proper brain 
development 

 • Annually, 18 million 
babies are born mentally 
impaired due to maternal 
iodine defi ciency 

 • Leading cause of 
preventable mental 
retardation 

 • Decreases IQ by as much 
as 15 points 

 Iron  Red meats, poultry, 
seafood, eggs, 
legumes, tomato, dark 
green leafy vegetables 
(kale, collard greens, 
spinach, pumpkin 
leaves), nuts, breast 
milk (not affected by 
maternal status) 

 • Essential for 
hemoglobin and 
red blood cell 
production, 
oxygen transport, 
and immune 
function 

 • Critical during 
childbirth and 
infancy 

 • 136,000 women and 
infants deaths / year 

 • Leading cause of death 
in childbirth 

 • 1.6 billion people suffer 
reduced productive 
capacity due to anemia 

 • Impairs the mental 
development of 40–60 % 
of children in the 
developing world 

 Vitamin A  Cassava leaves, kale, 
collard greens, 
plantains, spinach, 
cabbage, liver, carrots, 
tomato, mango, 
squash, sweet potato, 
dairy, eggs, breast 
milk (affected by 
maternal status) 

 • Regulates 
immune system 

 • Essential for 
vision, growth, 
and reproduction 

 • 1 million premature child 
deaths a year 

 • Leading cause of 
preventable blindness 
among children 

 • Compromises immune 
systems of 40–60 % of 
children under 5 in the 
developing world 

 • Absence during critical 
periods of fetal 
development can lead to 
central nervous system 
defects 

 Zinc  Goat, beef, liver, 
shellfi sh, poultry, 
dairy, eggs, whole 
grains, peanuts, 
legumes, cabbage, 
spinach, breast milk 
(not affected by 
maternal status) 

 • Essential for 
immune function 

 • Important in 
growth and repair 
of tissue 

 • 450,000 deaths of 
children under fi ve a year 

 • Addressing even mild 
cases in children can 
reduce incidence of 
diarrhea, which kills 9 
million children a year, 
by 27 %, acute respira-
tory infection by 15 %, 
and child mortality by 
6 % 

 • Has been linked to rates 
of stunting and to anemia 

(continued)
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delivered through established delivery channels (a situation that mirrors urban set-
tings). These populations’ high consumption of centrally-processed food (due to 
low cost and accessibility) and limited consumption of micronutrient-rich foods 
(due to high cost and inaccessibility) make it possible to effectively deliver a needed 
public heath good to the majority of the urban population. 

 As populations move from rural to urban environments, there is a corresponding 
shift from traditional foods, such as native whole grains and cereals, to more refi ned, 
high-fat, and high-sugar foods low in essential nutrients. This is most often found in 
poor urban settings but can also be prevalent among the well-off (despite higher income 
levels). Inherent to urban lifestyles is a dependence on highly-refined foods because of 
limited access to natural sources of micronutrients [ 4 ]. As a result, the importance and 
reliance on industrially processed foods increase with urbanization [ 3 ]. This becomes 
all the more relevant in the wake of rising food prices. When fi nancial crises hit, these 
low-nutrient, refi ned staple foods, for the most part, remain stable in the diet of the 
urban poor at the expense of dietary diversity and nonfood expenditures, such as health 
care and education [ 45 ]. In other words, when fi nances get tight, poor urban popula-
tions tend to maintain a consistent purchase and consumption of refi ned staple foods 
while reducing their intake of varied food, such as vegetables and meats.   When com-
pared to their rural counterparts, the urban poor often have lower health status [ 1 ] 
that is attributable to compromised immune systems (due to poor sanitation and 
contaminated water, crowded living, poor diet, and limited access to healthcare). 
Malnourished children in particular have poorly developed immune systems, mak-
ing them more susceptible to diseases, such as diarrhea, pneumonia, malaria, and 
measles. This situation is exacerbated in poor urban settings, because children are 
presented with the challenge of starting life with a faltering immune system (being 
malnourished) in a setting that requires an exceptionally strong immune system for 
survival. When comparing rural and urban regions, the inequity in chronic malnutri-
tion among poor urban children less than fi ve years of age is particularly extreme 
throughout Africa [ 1 ]. Finally, it has been found that slum dwellers throughout the 
developing world have less access to health resources, more illness, and shorter life 
spans than those in any other segment of the population [ 1 ]. 

Table 3.1 (continued)

 Micronutrient  Food sources  Functions  Consequences of defi ciency 

 Folic acid 
(vitamin B9) 

 Liver, seafood, dairy, 
green leafy vegetables 
(spinach, okra), 
eggplant, cabbage, 
legumes, beans, 
lentils, nuts, breast 
milk (not affected by 
maternal status) 

 • Critical to the 
development of 
fetus and fetal 
DNA 

 • Helps form red 
and white blood 
cells 

 • Due to maternal folate 
defi ciency, 300,000 
babies are born a year 
with severe birth defects 

 • Associated with 1 in 
every 10 adults deaths 
from heart disease 

 • Absence during critical 
periods of fetal 
development can lead to 
central nervous system 
defects 
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 For urban-dwelling individuals who do not have access to centrally processed 
foods (estimated to be less than 20 % of the total) because of production prefer-
ences, cost, and/or location, small-scale fortifi cation is becoming an increasingly 
viable option. Although the technology involved and the implementation required 
for small-scale fortifi cation are in initial pilot phases, preliminary data [ 46 ,  47 ] 
 suggest promising coverage and impact for rural, remote populations and, poten-
tially (although there is no research on this to date), high-density urban slums. 
Urban slums fall geographically within urban areas, but, in some settings, these 
individuals may not access the same market channels as the rest of the urban popu-
lation, presenting an unusual pairing of population concentration and consumption 
patterns more closely resembling those of their rural counterparts.

     

  Small-scale fortifi cation pilot project. Project Healthy Children. Tanzania 2013  
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     Consolidated delivery system . Although urban settings tend to consolidate risk 
for disease, they also consolidate services and means of delivering those services. 
Fortifi cation takes advantage of this consolidation; it is a public health intervention 
that, instead of working through traditional health sector channels, is adopted by 
and delivered through the private sector (i.e., food producers) using its delivery 
expertise [ 14 ]. By taking advantage of commodities urban inhabitants already 
access and improving the nutritional content of these commodities, the issue of 
access to affordable, nutritious foods is addressed. At the same time, this method 
allows the often overburdened healthcare system to be free from the responsibility 
of implementation. Few other interventions operate in this manner. 

 A consolidated delivery system also allows for effi cient monitoring of fortifi ed 
foods. Although most urban settings contain a number of markets where fortifi ed 
foods may be sold, these markets are contained within a specifi c geographic area, 
making it relatively simple to sample and test the foods to ensure they meet national 
standards. Likewise, these samples can in most cases be traced back to the manufac-
turing source, since facilities are often located in urban settings where issues of 
noncompliance can be addressed in a timely manner. 

  Cost-effectiveness and proven impact . Food fortifi cation programs have proven 
to be one of the most cost-effective [ 5 ,  48 ], and sustainable stand-alone interven-
tions to impact global welfare [ 49 ] (not just health). In 2008, a group of economic 
experts came together—fi ve of whom were Nobel laureates—to identify priorities 
that would address the ten greatest global challenges. The economists were asked 
the best ways of advancing global welfare, particularly that of developing countries, 
assuming an additional $75 billion of resources were available over a 4-year period 
[ 49 ]. At the end of their deliberations, guided heavily by consideration of economic 
costs and benefi ts, food fortifi cation (salt iodization and fl our fortifi cation, specifi -
cally) ranked in the top three. 

 Taking into account lives saved, disabilities prevented, loss of productivity costs 
averted, and cost to implement and sustain the program over many years, fortifi ca-
tion offers an extremely cost-effective strategy. Evidence indicates that the benefi ts 
of investing in fortifi cation far outweigh the costs [ 48 ]. Horton and Ross [ 48 ] found 
the cost-to-benefi t ratio of iron fortifi cation to be 6:1 for effects on physical produc-
tivity (e.g., the benefi ts that adequate iron has on labor-intensive activities). This 
jumps to 36:1 when cognitive benefi ts are included, one of the greatest returns for 
any intervention. In other words, every dollar spent on fortifi cation results in $6 or 
$36 in benefi ts to the economy. Salt iodization has a 30:1 [ 6 ] to 70:1 [ 48 ] cost-to- 
benefi t ratio. This compares with vitamin A supplementation, which has a cost-to-
benefi t ratio of 8:1–17:1, and zinc supplementation, which has a ratio of 6:1–14:1 
[ 6 ], and the annual cost per person ranges from US$1.00 to 2.60. The average annual 
cost per person for fortifi cation can range from US$0.002 to 0.97, depending on the 
added nutrients and the chosen vehicle [ 11 ]. Fortifi cation costs are either absorbed 
by the manufacturer or passed through to the consumer. To put this into perspective, 
the population at the bottom of the world’s economic pyramid lives on approxi-
mately US$250–350 per year, making the cost of fortifi cation negligible, even for 
the poorest populations. 
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 Although annual cost-per-person estimates have not yet been generated for bio-
fortifi cation, quantifi cations have been estimated using Disability-Adjusted Life 
Years (DALYs). Cost-per-DALY-saved for biofortifi cation ranges from US$10–120 
[ 50 ], which is comparable to supplementation (US$9–250) [ 6 ,  48 ] and fortifi cation 
(US$22–60) [ 48 ]. 

 The Chilean fl our fortifi cation program provides a powerful example of fortifi ca-
tion’s cost-effectiveness. Implemented in 2000, it was found that Chile’s mandatory 
wheat fl our fortifi cation with folic acid only needs to prevent two neural tube defects 
(estimated to cost $120,000 per child for care from birth to age eighteen) to recoup 
more than the annual cost of the nationwide fl our fortifi cation program (costing 
$0.15 per metric ton, or $175,000 per year, to fortify the entire country’s ration of 
fl our) [ 51 ]. 

 Fortifi cation programs have proven to have a remarkable impact on reducing 
micronutrient defi ciencies in numerous locations across the world. Success can be 
defi ned in terms of the impact a program has on specifi c biomarkers, as outlined in 
the “impact” column in the table below. However, supplying an adequate amount of 
bioavailable nutrients to the identifi ed target population (i.e., closing the nutrient 
gap to allow for suffi cient additional intake of the needed micronutrients) is the true 
defi nition of a successful program and is what allows for “impact” to occur [ 3 ].

 Country  National program  Impact 

 Guatemala 
[ 52 ] 

 • Sugar fortifi cation with vitamin 
A began in 1975. The program 
became mandatory in 1998 

 • Vitamin A defi ciency, measured by 
serum retinol levels, decreased from 
22 to 5 % in 1 year 

 Chile [ 53 ,  54 ]  • In 2000, mandatory fortifi ca-
tion of wheat fl our with folic 
acid was introduced 

 • Within 1 year of the program, blood 
folate levels in women of reproductive 
age increased three to fourfold 

 • The neural tube defects (NTDs) 
decreased by 40 % 

 Costa Rica 
[ 55 ] 

 • Mandatory fortifi cation of 
wheat fl our was introduced in 
1997 and corn fl our in 1999 
with folic acid and other 
micronutrients 

 • After 2 years, an 87 and 63 % 
decrease was seen in folic acid 
defi ciency in urban and rural areas, 
respectively, as measured by serum 
folate levels 

 • Neural tube defects decreased by 
74 % 

 South Africa 
[ 56 ] 

 • In 2003, mandatory fortifi ca-
tion of maize and wheat fl our 
with folic acid was introduced 

 • Overall neural tube defects decreased 
by 30 %; spina bifi da, specifi cally, 
dropped 41.6 % 

 Tanzania [ 57 ]  • One of numerous successful 
salt iodization programs: In the 
early 1990s, Universal Salt 
Iodization (USI) was adopted 
in Tanzania 

 • By 2004, total goiter prevalence fell 
from 25 to 6.9 % 

 Canada [ 58 , 
 59 ] 

 • In 1998, mandatory fortifi ca-
tion of grain products with 
folic acid was introduced 

 • Four years later, the rate of neural 
tube defects decreased by 46 % 

(continued)
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 Country  National program  Impact 

 China [ 55 ]  • An iron effi cacy study: In 
2007, iron was added to soy 
sauce. An effi cacy trial was 
conducted among 14,000 men, 
women, and children 

 • All age and sex groups receiving iron 
as NaFeEDTA in soy sauce had 
signifi cantly higher hemoglobin 
levels, lower prevalence of anemia, 
and higher ferritin levels than controls 

 United States 
[ 60 ] 

 • In 1998, the FDA introduced 
mandatory folic acid fortifi ca-
tion of grain products 

 • Studies indicate at 19 % decrease in 
the number of births with neural tube 
defects since the introduction of 
mandatory folic acid fortifi cation 

 • The incidence of elevated total plasma 
homocysteine has also declined, a 
biomarker of folate defi ciency and a 
risk factor for cardiovascular disease 

       What Is Needed to Design and Implement a National 
Fortifi cation Program? Lessons Learned from PHC 

 The trajectory of a food fortifi cation program is largely determined by how the pro-
gram’s design is approached. As a result, the process should be given considerable 
attention and analysis. The methodology offered in the next sections, based on 
extensive experience throughout much of Africa and parts of Central America, 
accomplishes two goals: it systematically identifi es overarching areas that have 
proven inherent to fortifi cation programs, and it presents an organizational structure 
for tackling these areas [ 14 ]. Overlooking components of this methodology may 
derail or delay the initiative, at the very least. In the worst case scenario, program 
sustainability and impact may be lost altogether. 

 First and foremost, to ensure sustainability, it is critical to secure political sup-
port and government buy-in. Once this has been attained (often through the signing 
of a memorandum of understanding between the implementing agency and the 
home ministry), design and implementation can begin. 

 With government buy-in in place, the process of designing and implementing a 
nationwide mandatory food fortifi cation program involves three phases:  research , 
 design , and  implementation . The research or data collection phase captures a clear 
and concise picture of what the health, nutrition, consumption, and political envi-
ronments look like in addition to the domestic food production vs. imported food 
scenario. This step creates a blueprint to guide the program and includes founda-
tional data on nutrition policy and legislation, food fortifi cation standards, industry 
implementation, and government monitoring and social marketing [ 14 ]. The design 
phase utilizes the information gathered in the research phase to answer the question: 
what needs to be done based on what we know exists or does not exist within the 
specifi c focus areas? For example, which foods are most appropriate for fortifi ca-
tion with what micronutrients and at what levels? Where should fortifi cation as a 
strategy be included in existing national policies? What government bodies are 
responsible for monitoring and inspecting foods? The implementation phase ensures 
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safe, effective fortifi ed foods reach the target population through active industry 
engagement in a way that can be appropriately monitored, measured, and adjusted 
for as population needs change [ 14 ]. Broadly speaking, there are ten steps that need 
to be taken into consideration throughout the process:

  Research and analysis  
 Step 1. Determine the population’s micronutrient status and consumption patterns 
 Step 2. Map the fl ow of imports and domestic staple food production 
  Design and development  
 Step 3. Convene a national fortifi cation alliance 
 Step 4. Draft fortifi cation policy 
 Step 5. Draft and pass fortifi cation regulation 
 Step 6. Draft and disseminate national fortifi cation standards 
  Implementation  
 Step 7. Engage industry 
 Step 8. Create a monitoring system and train inspectors 
 Step 9. Promote consumer advocacy 
 Step 10. Design impact evaluations 

   Note : There is inherent crossover of many steps within the three different phases, and each step 
does not necessarily need to follow the order indicated above. This table is meant simply to serve 
as a guide to critical elements needing focused attention 

       Research and Analysis 

  Step 1 :  Determine the population’s micronutrient status and consumption patterns.  
Obtaining up-to-date nationwide data on the prevalence of nutrient defi ciencies and 
food consumption patterns is the fi rst step in gaining an understanding of the popu-
lation’s nutritional needs and eating habits. This data will be used to draft country-
specifi c fortifi cation standards. 

 By isolating which vitamins and minerals the target population is defi cient in, the 
appropriate nutrients to add to foods can be considered. Although populations in the 
same geographic region often present with similar micronutrient defi ciencies (i.e., 
defi ciencies in iron, vitamin A, or zinc), a one-size-fi ts-all approach is not recom-
mended [ 4 ]. While harmonizing standards with neighboring countries is important, 
at this stage each country should be considered as a unique cohort in order to identify 
the nutrients the specifi c population needs. For example, due to the consumption of 
beans, chickpeas, and lentils in many sub-Saharan African countries, folate defi cien-
cies may not be as persistent as they are perceived to be in this region. However, since 
folate defi ciency is rarely measured, it is often added to fortifi ed products without 
understanding whether there is a true need [ 42 ]. At the same time, it is important to 
understand the implicit interconnectedness that multiple micronutrients have with 
one another, as mentioned earlier (i.e., a defi ciency in vitamin A can cause iron defi -
ciency, while iron defi ciency may inhibit the effectiveness of iodine) [ 13 ,  31 ,  32 ]. 
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 The status of micronutrient malnutrition in a country can often be obtained from 
already established nationwide studies that contain nutrition-specifi c information 
such as national Demographic and Health Surveys (DHS) or Multiple Indicator 
Cluster Surveys (MICS). Obtaining micronutrient defi ciency data from these 
national studies is generally straightforward and simply involves obtaining the study 
results from the government and identifying the required data. When this  information 
is unavailable or out of date, national micronutrient surveys should be conducted. 

 Although foods targeted for fortifi cation depend on the specifi c setting, appropri-
ate food vehicles generally include common staples such as maize and wheat fl our, 
cooking oil, sugar, salt, bouillon cubes, soy sauce, and rice. However, taking a 
country- specifi c approach to determining consumption patterns is equally impor-
tant. Consumption studies answer important questions that pertain to who consumes 
how much of what, and when. For example, do mothers eat more grams of fl our per 
day than children? Is the coverage of sugar consumption higher among men than 
women? Is rice consumed throughout the year or only during a particular season? 
This data provides critical insights into which foods are best suited for fortifi cation. 
It also allows for the drafting of fortifi cation standards that consider those who con-
sume the least and those who consume the most, guaranteeing safety while simulta-
neously ensuring impact. 

 Consumption and coverage data should be collected in a quick and cost-
effective manner using, for example, a Food Fortifi cation Rapid Assessment 
Tool (FRAT) or data derived from Household Income and Expenditure Surveys 
(HIES). The FRAT is designed specifi cally to obtain consumption information for 
fortifi cation programs. It combines simplifi ed 24-hour recall and food frequency 
questionnaires to delineate the consumption and usage patterns of potential for-
tifi cation food vehicles [ 61 ]. It is designed to provide the minimum amount of 
information needed to set fortifi cation standards. 

 Consumption information obtained from Household Income and Expenditure 
Surveys (HIES) is considered to be “implied consumption” data, since the amount 
consumed per person is calculated based on the amount of food purchased. 
Alternately, it is sometimes possible to piggyback on other national food security or 
market surveys to infer or directly obtain consumption information. This was the 
case in Liberia for PHC, where fortifi cation-specifi c consumption questions were 
included in WFP’s Comprehensive Food Security and Nutrition Survey to obtain 
up-to-date information in an extremely cost-effective manner, since it took advan-
tage of a tool that was already being deployed. 

 There are fi ve factors taken into consideration when identifying the best staple 
foods for fortifi cation to ensure food reaches the greatest number of people in the 
target population:

    Coverage : The food should be consumed by a large proportion of the population 
and be eaten in most or all geographic regions of the country.  

   Consumption : The amount consumed should be relatively constant, regardless of 
location or season, making it possible to supply roughly the same amount of 
micronutrients to all consumers.  
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   Cost : The selected food should be inexpensive, to ensure even the least well-off 
have proper access to fortifi ed foods.  

   Central Processing : Ideally, the food should be processed in a relatively small num-
ber of large facilities to facilitate monitoring and ensure consistent 
implementation.  

   Compatibility : The addition of micronutrients should cause no discernible change in 
taste, appearance, or coloring of the food, and there should be minimal loss of 
micronutrients during typical processing or cooking of the food.    

 Consumption surveys also provide vital information on regional differences, 
storage conditions, and procurement patterns of staple products. They answer ques-
tions such as: Do individuals in rural areas purchase their maize fl our, or is it grown 
and/or processed at home or in the village? Are consumption and coverage patterns 
different in rural vs. urban areas? How are staple products stored within house-
holds? This information is vital to shaping the design and implementation of a pro-
gram that will have a measurable impact. For example, in Malawi, after working 
with the government to conduct a FRAT survey, PHC found that although  nsima  
(maize porridge) is a mainstay of the Malawian diet (regardless of urban or rural 
setting or individual economic status), only a fraction of the population consumes 
 centrally processed  maize fl our (instead, maize is grown and processed at home or 
at small rural mills). As a result, although consumption and coverage were found to 
be high, it proved to be an inappropriate vehicle for mass fortifi cation. 

 Storage patterns of staple products within a household are important to consider 
because of the instability of many micronutrients when exposed to heat, light, and/
or moisture. If cooking oil, for example, is routinely sold or stored in clear contain-
ers, the amount of added vitamin A will need to be considered when formulating 
standards because of the potential degradation of that vitamin A once it is exposed 
to light. In other cases, altering the packaging used by manufacturers and/or dis-
tributors may be necessary to protect the vitamin A from these exposures. 

 Finally, it is important to consider any consumption variation that may exist between 
rural and urban regions. For example, in Uganda, the consumption of wheat fl our was 
found to be signifi cantly higher in urban areas than in rural areas. This urban subset was 
also found to be mildly defi cient in B vitamins because of a lack of natural B vitamin 
sources and a high consumption of micronutrient-poor products (despite higher levels 
of wealth) [ 4 ]. This data provided important insights into which vehicles and which 
micronutrients should be targeted to address the needs of this urban population. 

 These examples highlight the foundational nature of this initial data collection 
for the design and effi cacy of the program. If there are signifi cant errors in this 
information, an impractical vehicle may be chosen for fortifi cation—or an inappro-
priate amount of fortifi cant may be added to the food. 

  Step 2. Map the fl ow of imports and domestic staple food production.  Imported 
foods subject to fortifi cation will be held to the same national fortifi cation standards 
as domestic producers. Initially the food fl ows should be mapped to identify where 
domestic production is taking place, what staple products are imported, from where, 
and to what level. One must understand the extent to which imported products may 
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already be fortifi ed and then determine whether the standards aspired to are close 
enough to the existing level of imports. In general, to the extent fortifi cation stan-
dards can be harmonized with existing neighboring standards, the better (even if it 
requires some adjustment to the ideal, national standard). 

 Setting the stage to engage with these players is vital to ensure clear communica-
tion channels are established around regulatory expectations; required testing, moni-
toring, and labeling; technical and/or fi nancial assistance needed to scale up production 
(predominately for domestic producers); and timing of implementation.  

    Design and Development 

  Step 3. Convene a national fortifi cation alliance.  Getting the right people around the 
same table and communicating on a consistent basis represent some of the biggest 
programmatic challenges for fortifi cation initiatives. Due to the multi-sector nature 
of this strategy, a guiding body that meets on a regular basis and involves all part-
ners and players is essential to ensure communication channels are established, 
activities are harmonized, and roadblocks addressed. This is a particularly impor-
tant step, since the individuals and agencies involved in fortifi cation have likely 
never had to coordinate or communicate with each other before; a national alliance 
(often referred to as a National Fortifi cation Alliance, or NFA) provides this com-
mon platform. The leadership or chairmanship that is elected to guide this alliance 
is equally important. Without an individual to motivate and mobilize the multiple 
parties involved, and without the ability to maintain focus and ensure action from a 
group where consensus is often diffi cult to attain, the success of the program will be 
in jeopardy. Such national alliances are oftentimes the single factor that allows pro-
grams to overcome otherwise intractable issues. More attention will be given to this 
important component in the following sections. 

  Step 4. Draft fortifi cation policy.  Food fortifi cation as a strategy should be writ-
ten into national health and nutrition policies and harmonized with other ongoing 
nutrition interventions. As already discussed, fortifi cation is only one means of 
addressing micronutrient malnutrition. Most countries use multiple approaches to 
fi ght this battle. As a result, fortifi cation should be incorporated as a complementary 
approach to existing measures, such as supplementation, dietary diversifi cation, dis-
ease control, and biofortifi cation. 

 A fortifi cation strategy is often included in national micronutrient strategies or 
imbedded in more comprehensive national nutrition action plans. This inclusion in 
national policy is important to ensure the program sustains itself through political or 
economic changes [ 62 ] while enabling future program alterations, as population 
needs change over time. For example, it may be deemed unnecessary to continue 
supplementation to specifi c demographic groups receiving both fortifi cation and 
supplementation interventions because of potential overlap in less vulnerable 
groups. In light of available impact results, both programs should be reviewed 
and altered as necessary to avoid redundant programming. Regardless of where 
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fortifi cation is included in national policy, it is critical to ensure it is drafted in a way 
that describes specifi cally what must be done to implement, to monitor, and to 
adjust the program over time. In other words, the strategy must be “actionable.” 

  Step 5. Draft and pass fortifi cation regulation.  Mandatory programs ensure a fair 
market for producers and guarantee the maximum coverage of fortifi ed foods. Each 
country is likely to require its own unique legal or regulatory path, given the powers 
vested with various branches of the government (e.g., Ministry of Health vs. 
Ministry of Trade), existing laws or standards that may already be in place govern-
ing food safety standards (e.g., Bureau of Standards regulations, laws currently 
enforced, executive decrees), and the structure of the government. For example, in 
Rwanda, PHC initially believed legislation needed to be passed for mandatory for-
tifi cation, and considerable time and effort were expended lobbying for such legis-
lation within the two elected chambers. However, PHC eventually came to realize 
that a “ministerial decree,” signed by the President, was a more streamlined approach 
to passing food safety and security laws. In the case of Honduras, PHC found exist-
ing laws in effect that had to be changed or repealed before a more effi cient regula-
tory structure could be put in place. Since food fortifi cation is often a new concept 
within a country, the right answer may not be obvious to the governmental constitu-
ents or, in other cases, may fi rst need to be “invented.” 

 Equally important, incorporating a framework that allows food standards to be 
amended in a relatively straightforward manner will prove useful if and when future 
needs require changes to the law (such as was the case in Honduras). The identifi ca-
tion of an in-country champion to advocate for fortifi cation has assisted numerous 
past and current programs through what can often be a long, bureaucratic process to 
get legislation/regulation written, approved, and passed. This champion will also 
prove to be useful for moving other stalled works streams forward. 

 Understanding what is required to put in place the best legal framework will vary 
from country to country and may not be readily apparent. This step is often the most 
time-consuming and therefore requires patience and effort to carefully navigate the 
country’s legal system; doing so allows for identifi cation of the most enduring (and 
effi cient) method of promulgating and enforcing mandatory food fortifi cation. 

  Step 6. Draft and disseminate national fortifi cation standards.  Key stakeholders 
will be needed in order to draft national standards for the staple foods to be fortifi ed. 
These standards will determine which micronutrients should be included and at 
what levels, by using the up-to-date defi ciency and consumption data collected. By 
matching country-specifi c needs and intake, the levels should ensure the fortifi ed 
food is safe for all (taking into account those who consume the most) and effective 
in improving health (taking into account those who consume the least). 

 The most appropriate forms of fortifi cants (i.e., nutrients) should also be decided 
on in the standards creation process. Chosen fortifi cants should be of the highest 
quality, taking into consideration cost and bioavailability of both the fortifi cant form 
and the population’s diet [ 3 ]. In some cases, the most bioavailable fortifi cant may 
also be the most expensive. In these cases, it will be necessary to weigh the pros and 
cons of best price vs. most bioavailable. For example, sodium iron ethylenediamine-
tetraacetic acid (NaFeEDTA) is the most bioavailable form of iron to use in fortifi cation, 
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since it is unaffected by dietary inhibitors present in the diet; it also tends to be the 
most expensive. However, other factors will need to be considered. Since NaFeEDTA 
is so bioavailable, lower amounts of it are required to meet established standards 
when compared to less bioavailable forms, such as ferrous sulfate or fumarate. This 
is particularly true for diets high in dietary inhibitors that render iron unavailable to 
the body. As a result, the type of diet the target population consumes should be con-
sidered in light of the fortifi cant forms chosen. 

 Drafted standards should then be harmonized with regional standards in order 
to preclude any barriers to trade. In some cases, standards will need to be approved 
or ratifi ed by regional bodies before they are endorsed nationally, as was the case 
in Rwanda, where country-specifi c standards had to be presented and approved by 
the East Africa Community (EAC) before they were offi cially endorsed by the 
country. Mapping the process for standards approval will be useful for facilitating 
movement. Once appropriate authorities have approved the standards, the coun-
try’s identifi ed authority on food inspections should disseminate copies of the 
standards to each domestic producer and importer, where appropriate. The stan-
dards should include a grace period, whereby industry will be given a specifi ed 
window of time to scale up their facilities before they are held to consequences of 
noncompliance. In many cases, this will include communicating to industry the 
necessary steps required to apply for a national fortifi cation logo (indicating that 
their product is fortifi ed to the national standard and approved by food-inspecting 
authorities, and communicating to the public that the product contains healthy 
micronutrients).  

    Implementation 

  Step 7. Engage industry.  While fortifying staple foods may be well understood by 
some facilities, the process may be new to certain sectors of the food industry. As a 
result, the private sector should be guided through the process of procuring, fi nanc-
ing, and incorporating the necessary equipment and vitamin and mineral premix 
into their production lines (and through the process of establishing a strong quality 
assurance and quality control system). Industry should be given technical assistance 
on how to ensure equipment is dispensing the appropriate amount of premix during 
the fortifi cation process, how to test the fi nal product for compliance to standards, 
when to send samples out for quantitative testing, and what to expect from national 
regulatory bodies required to take samples for external validation. 

 In the case of Rwanda, PHC was able to introduce food processors to the Global 
Alliance for Improved Nutrition’s (GAIN) Global Premix Facility, where they were 
given expert advice on the best places to source affordable, quality premix and 
equipment. Smaller industries concerned about the initial capital needed to pur-
chase equipment and premix were connected with organizations that assisted them 
in securing loans for up-front costs. 
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  Step 8. Create a monitoring system and train inspectors.  The appropriate government 
agencies should establish a national monitoring system that ensures samples are 
collected and analyzed from domestic production sites, importation sites, markets, 
and households on a regular basis. Food inspectors should be trained on how and 
when to collect samples, how to test fortifi ed products, and how to deal with issues 
of noncompliance. They should ensure fortifi cation labeling is clear and accurate. 
It is important that the fortifi cation level, which food inspectors should be testing, 
and which differs, depending on the location (i.e., domestic facilities, border sites, 
markets, and households), is clearly defi ned. 

 Data should be consolidated so that reports can be generated and performance 
can be reviewed on a periodic basis. In Malawi, PHC created a comprehensive 
national monitoring tool that consistently pools monitoring data (by brand) from 
domestic facilities, border sites, and markets. This tool allows reports to be quickly 
generated in order to observe where levels may be failing and to ensure action is 
taken in a timely manner. Pooling collected data on fortifi ed products also eluci-
dates any discrepancies that may exist among agencies that are collecting the same 
information. For example, in one particular country setting, data collected on the 
percentage of imported iodized salt at the border was found to differ signifi cantly, 
depending on whether the data came from the Revenue Authority or the Bureau of 
Standards. 

  Step 9. Promote consumer advocacy.  Consumer advocacy helps consumers 
understand the benefi ts of the fortifi ed foods they are buying and assists industry in 
increasing consumer demand for its new product. It is generally the government’s 
responsibility under mandatory fortifi cation programs to communicate the health 
benefi ts of fortifi ed foods to the public. This social marketing is usually included in 
Ministry of Health and/or Consumer Association public health messaging and can 
include radio spots, TV advertisements, billboards, and the engagement of commu-
nity leaders. A fortifi cation logo, along with guidelines on its use and application, is 
often designed or adopted from the region to designate the new products as 
“fortifi ed.” 

 Without a communication strategy in place, products risk customers not under-
standing the benefi ts of the new ingredients and/or consumer speculation and fear of 
fortifi ed products on the market. It is equally important that health campaigns do not 
advocate or encourage increasing the consumption of fortifi cation vehicles, because 
consumption levels of these foods (i.e., salt, oil, sugar, and refi ned fl ours) are often 
already too high, particularly in urban areas [ 3 ], and can contribute to the develop-
ment of chronic diseases, such as obesity and cardiovascular disease. However, to 
date, this has not been an issue with fortifi ed foods. 

  Step 10. Design impact evaluations.  Finally, after monitoring has ensured forti-
fi ed products have reached ≥80 % coverage, impact evaluations should be con-
ducted to measure change in micronutrient status. Consumption of the fortifi ed 
food, however, should not be a proxy measure for program success. The identifi ca-
tion of appropriate measurement indicators is vital, as is making sure that the initial 
pre-fortifi cation data was collected in a way that allows for comparison. Appropriate 
measurement indicators should be based on the proportion of the nutrient gap that is 
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being fi lled by the fortifi ed products and the percent of each age and demographic 
group’s daily needs (Estimated Average Requirement (EAR) or Recommended 
Nutrient Intake or (RNI)) that the fortifi ed foods aim to meet [ 42 ].   

    Overarching Components Necessary for Success 

 Due to fortifi cation’s extraordinary low cost and sustainability, the “bang for your 
buck” that national, mandatory programs offer is unrivaled. Moreover, the inherent 
structure of the program makes for a natural fi t within poor urban settings. Yet despite 
decades of widespread success in many parts of the world and unparalleled cost-
effectiveness and sustainability, fortifi cation programs are often missing from national 
agendas for the same reasons that they are so successful—namely, the need for:

    1.    Interagency coordination within the government   
   2.    Strong in-country leadership   
   3.    Government and private sector coordination and commitment   
   4.    A robust monitoring and surveillance system [ 14 ]     

 Although these components were introduced in the ten-step fortifi cation process 
described above, they warrant greater attention, because they are so often over-
looked throughout the design and implementation. The key to success lies in know-
ing how to orchestrate and balance the multiple players and initial demands required 
to solidify these elements as effective program components. 

  Strong interagency coordination and the identifi cation of in-country leader-
ship . The very nature of a fortifi cation program requires that individuals and agen-
cies that do not normally communicate and collaborate work together to chart and 
agree upon a course for fortifi cation. This is often a challenge, in and of itself. In 
the beginning, a “home” agency is typically identifi ed within which the program 
is housed, usually the Ministry of Health. This home ministry must work to col-
laborate with numerous other ministries, including (but not limited to) the Ministry 
of Trade and Commerce, the Bureau of Standards, the Ministry of Justice, the 
Ministry of Agriculture, the Ministry of Finance, the Revenue Authority, and the 
Legislative Branch. In addition to these governmental agencies, consumer asso-
ciations and importers of staple foods must be involved throughout the process. 
Constituents outside of government must be active contributors. This often 
includes UN agencies and international nongovernmental organizations (INGOs), 
such as the United Nations Children’s Fund (UNICEF), World Food Programme 
(WFP), WHO, FAO, and the World Bank. Finally, there is the private sector, 
which requires an untraditional collaboration between businesses that likely never 
before had to deal with the realm of public health interventions, government min-
istries, or INGOs and UN agencies. Ensuring these multiple players are willing to 
communicate across disciplinary boundaries while speaking a common language 
is essential. 
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 One means of accomplishing this coordination is through the creation of a NFA. 
This mechanism brings together all parties involved in fortification—from the very 
initial design stages to the fi nal evaluation stages—on a regular basis to ensure coor-
dination and harmonization of fortifi cation-related activities. This is arguably one of 
the most valuable components of a fortifi cation program, since such a convening 
body provides, in many cases, the only common touch point these actors will have 
with one another. 

 The leadership and funding of this convening body is a critical matter not to be 
overlooked. Guiding the national alliance should be an individual from a ministry or 
local agency or institution that possesses an unwavering ability to convene, lead, 
and ensure action. The individual that is identifi ed is often more important than the 
agency to which the individual belongs. The importance of this leadership cannot be 
underestimated; programs have thrived and faltered based on the presence (or lack) 
of this leadership. 

 Inevitably there will be monetary resources needed to hold regular meetings. 
Although the level of funding will vary depending on the country setting (some 
countries will require substantial funding for customary meeting per diems, while 
other programs will simply require funding for logistics, such as food, tea, or meet-
ing space), the source or multiple revolving sources should be identifi ed and agreed 
upon immediately after an alliance is created. A lack of an identifi ed funding mech-
anism has derailed projects and caused implementation to be delayed for years. 

  Government commitment to a mandatory program . The importance of govern-
ment commitment to fortifi cation through its inclusion in national strategies and 
through the creation of consumer advocacy campaigns has already been covered in 
this chapter. Less attention, however, has been given to fortifi cation as a mandatory 
program. 

 Since it is the industry’s responsibility to make the necessary production line 
changes to incorporate fortifi cation and purchase the vitamin and mineral premix, 
all of which have an impact on the product’s cost structure, a mandatory program is 
important for industry compliance and to ensure a level playing fi eld for all produc-
ers. A level playing fi eld prevents potential price differences across different brands 
that could disincentivize facilities from producing—or consumers from purchas-
ing—the fortifi ed product. In fact, it is often industry that pushes for mandatory 
programs to preclude any barriers within the market. Such a program ensures 
imported- and domestically-produced commodities comply with established fortifi -
cation standards, enables consistent monitoring, and sends clear signals to trade 
partners [ 14 ]. 

 As new staple food production facilities come online, a mandatory program 
ensures expectations to fortify are established, standards and guidelines for moni-
toring are in place, and the mechanisms for ordering vitamin and mineral premix are 
well defi ned. With multiple facilities requiring premix, the purchase price for 
industry may be more economical than if only a few facilities were ordering, 
because of options available for bulk purchasing. Finally, in some cases, opportuni-
ties exist to procure low-interest rate loans for equipment in conjunction with premix 
purchasing. 
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 Although there are some food manufacturers willing to voluntarily fortify, due to 
a perceived market advantage or a desire to infl uence the health of the community, 
such an approach is generally not sustainable (as it depends upon the goodwill of a 
given food processor) and creates inconsistent coverage, with some producers 
 fortifying and others not fortifying. As a result, the impact on micronutrient status 
can be compromised. 

 Although mandatory programs have proven to be the most sustainable form of 
fortifi cation programming, what happens when the implementation of a mandatory 
program is met with resistance? The limitations of voluntary programs have already 
been outlined; inconsistent coverage and limited industry participation reduce the 
impact of these programs. In light of this, and despite the fact that such an idea has not 
been attempted to date, it is worth considering the implications of a program based on 
market incentives. By providing an incentive, such as a tax break, producers may be 
encouraged (and enticed) to begin fortifi cation. The goal would be to make sure that 
the incentive is enough to guarantee that fortifi ed products maintain the same price as 
their unfortifi ed counterparts (in effect, making it undesirable  not  to fortify), in con-
junction with strong consumer advocacy. Despite the fact that this approach necessi-
tates a very different cost structure (i.e., the need to fund the incentive), which by 
nature may limit the sustainability of the program, it may offer a viable alternative to 
voluntary programs. Required costs could be shared between government and private 
donors, industry, and/or UN agencies, depending on the specifi c situation. 

 Regardless of the type of program—whether mandatory, voluntary, or some new 
form of a market incentive approach—government should consistently lead the pro-
cess, all fortifying facilities should be held to established national regulatory stan-
dards, and a strong governmental monitoring system should be put in place to make 
sure the program is safe and effective. 

  Reliance on a committed private sector . Cooperation from the private sector, as 
fortifi cation’s sole mode of delivery, is an essential programmatic linchpin. It is 
imperative that industry is involved in the initial planning stages, for the following 
reasons: so they understand the program’s importance, why it is a government 
priority, the vital role they will play, and what expectations they will be held to. 
Since industry, in most cases, will be expected to pick up fortifi cation costs on 
their own, it is important that industry understands all implications of the pro-
gram. Hearing industry-specifi c concerns and receiving feedback is vital to pre-
venting later obstacles. The role of government in the social marketing of fortifi ed 
products and the subsequent increase in demand that will presumably result 
should be clearly communicated to industry players. 

 A committed private sector is particularly relevant when there are delays in passing 
fortifi cation regulation. Industries are often willing to retrofi t their facilities and begin 
production before legislation is passed if they know it will be mandatory in the near 
future (and if they know consumer education is taking place). This is desirable and 
should be encouraged, because the legislative process is often slow and bureaucratic; 
this also assumes that standards have been drafted and monitoring systems have 
been established. Delays in approving regulation have, in the past, delayed programs 
by years. 
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 Obtaining a market advantage is another benefi t to early industry initiation, 
assuming government has begun advocacy campaigns to educate consumers about 
the benefi ts of fortifi cation. In an ideal situation, once one industry succeeds in get-
ting a fortifi ed product on the market, others will want to follow to ensure they don’t 
lose their customer base. Without appropriate advocacy, however, there is a chance 
that just the opposite will happen—customers see a product different from their 
normal purchase, or one with a slight price difference, and they will not fully grasp 
the health benefi ts of it (they might even have fears that the added fortifi cant will do 
harm). As a result, they turn to other, nonfortifi ed products to purchase. This sce-
nario presents a good case for why mandatory programs with social marketing com-
ponents, both from the public and private sector, are benefi cial. Ministries of Trade 
and/or Commerce should conduct industry-specifi c advocacy to encourage the 
value-added aspect of the initiative, particularly when the regional market is satu-
rated with fortifi ed products. 

  Robust monitoring and evaluation system . A robust monitoring and evaluation 
system is the true test of a successful program. All initial structures may be in place, 
policy may be adopted, regulation may be established, and premix may be bought 
and used, but if the fi nal product does not meet the established fortifi cation stan-
dards, if the nutrients are not available to the target population, or if there is no way 
to monitor compliance, the program will not have the anticipated nutritional impact. 

  Internal monitoring . Robust monitoring must fi rst take place at the industry 
level, within staple food production facilities. Industry must establish quality assur-
ance and quality control measures for the premix being added and the fi nal fortifi ed 
product. Staff should routinely sample and test to ensure compliance. In short, this 
process generally includes ensuring the following: premix is appropriately stored 
and always available within the facility (i.e., away from light, moisture, and heat); 
premix is properly added to the fl our and discharged in accordance with the fl ow of 
the food being fortifi ed; the ratio of product produced to premix used is close to the 
theoretical ratio calculated; frequent qualitative testing (every 2–4 hours for large 
mills) occurs; composite samples are created every hour for daily qualitative test-
ing; and external quantitative testing of these composite samples takes place on a 
monthly or quarterly basis, depending on the size of mill [ 63 – 65 ]. 

  External monitoring . At the same time, the government’s regulatory agencies 
must monitor and enforce compliance. This is often the weakest component of a 
program and should be given focused attention. National monitoring bodies should 
outline a clear plan with specifi c training for appropriate inspectors on how to sam-
ple and test fortifi ed products. Government food inspectors should make routine 
visits to facilities to review industry’s internal test results, conduct their own on-site 
qualitative analyses, and obtain samples to be tested quantitatively at an external 
facility. For facilities just beginning fortifi cation, external inspections should occur 
each month. For more established facilities, external inspections should occur at 
least three times a year [ 64 ]. Results should be communicated back to industry 
management in a timely manner (and appropriate enforcement steps taken) if sam-
ples or procedures indicate noncompliance. 
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 Government inspectors are also responsible for collecting samples of fortifi ed 
products at importation sites, in market places, and in households. Establishing the 
appropriate range of levels that should be detected in fortifi ed products at each loca-
tion must be communicated to inspectors. The level of addition required in the  factory 
will be different from that required within households because of overage included at 
the production level to account for natural and expected nutrient degradation that 
occurs by the time the product reaches the household [ 42 ]. If this communication of 
required testing levels does not take place, the monitoring exercise will be of little use 
to the program and a waste of time and money for the government. 

 This interim monitoring is critical to any program. Results ensure inspectors are 
inspecting and provide further insight into whether the correct amounts of nutrients 
are being added, whether a better chemical form of the nutrient should be used, or 
if particular brands are consistently noncompliant. Monitoring allows managers to 
correct program shortcomings  before  long-term surveillance or impact studies 
occur. It saves time, money, valuable resources, and lives. Imagine, if in 3–5 years, 
an impact study is conducted, and results indicate fortifi ed products had no impact 
on rates of iron or vitamin A defi ciency because of a miscalculation in the nutrient 
lost during transport. This simple error could have been caught if products had been 
consistently tested and monitored prior to the impact study. 

 Only after industry and government monitoring have established consistent cov-
erage and compliance should an evaluation or surveillance system be put in place to 
evaluate the change in micronutrient status or other identifi ed outcomes or indica-
tors in the target population. Coverage should be a sustained ≥80 % for at least 1 
year in order to detect an initial effect; however, the program should be continued 
indefi nitely in order to maximize impact [ 44 ]. 

 Identifying the appropriate impact indicator is critical to defi ning success. The 
choice of indicator should be dictated by: (a) the percent of the Estimated Average 
Requirement (EAR) that the program provides to different gender, age, and physi-
ological groups; and (b) other confounding factors that may be present, such as 
infection, infl ammation, or seasonality [ 42 ]. For example, according to Dary, the 
additional intake of 60 % EAR of iron is necessary to detect changes in secondary 
indicators (such as serum ferritin, which depends on metabolic conditions), whereas 
an intake of 90 % EAR of iron is necessary to detect changes in tertiary indicators 
(such as anemia) [ 66 ]. If these factors are not considered together, inappropriate 
indicators may be chosen that deem the program a failure, when in fact the wrong 
indicator was used to measure impact.  

    Learning from Past Programs 

 Finally, success requires a thorough understanding of why current and past pro-
grams have thrived or faltered. Despite the fact that fortifi cation has been a power-
ful force in addressing vitamin and mineral defi ciencies around the world since the 
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1920s, there have been programs that have been less than successful and that have 
faltered due to missteps and oversights. Understanding why is critical. 

  Malawi’s National Fortifi cation Alliance . In the early 2000s, Malawi’s govern-
ment implemented a national food fortifi cation program. This program soon began 
to falter, due largely to a lack of strong leadership required to guide the country’s 
NFA, in addition to a lack of a sustainable funding strategy for the alliance. Project 
Healthy Children’s engagement in Malawi began as a result of the government’s 
desire to reinvigorate the NFA to enable it to move the program forward. 
Restructuring the NFA, which included enhanced coordination and communica-
tion among players and the identifi cation of strong leadership to guide activities 
and address identifi ed roadblocks, largely changed the direction of the program. 
Shortly after reinvigorating the alliance, Malawi’s sole sugar manufacturer began 
producing fortifi ed sugar, and the country’s cooking oil, wheat, and maize fl our 
facilities were only months away from achieving the same. Although Malawi’s 
fortifi cation progress cannot be attributed solely to the revitalization of the national 
alliance, it was a powerful contributor to overcoming obstacles and engaging other 
players that worked to facilitate progress, all of which allowed the program to 
achieve new heights. 

  The role of government in Zambia’s sugar fortifi cation program . In 1998, with 
encouragement from the government, Zambia’s largest domestic sugar producer 
began fortifying sugar with vitamin A. With an infl ux of less expensive sugar 
already on the market, Zambia’s sugar producer was encouraged by the fact that the 
government was willing to enact legislation that would ensure only fortifi ed sugar 
was sold. However, fortifi cation legislation in Zambia was delayed for months, and 
once enacted, there was inadequate regulation to monitor fortifi cation, because of 
weak customs enforcement and little support for advertising and education from the 
government. As a result, signifi cant amounts of lower-cost, smuggled sugar eroded 
the market, jeopardizing the profi tability of Zambia’s sugar producer. Although 
Zambia’s Fortifi cation Task Force (its equivalent of a national alliance) aided in 
resolving many of these issues [ 67 ], the infl ux of cheap, unfortifi ed sugar came 
close to derailing the country’s fortifi cation program. This serves as an excellent 
example of the importance of government involvement in the creation of a manda-
tory program and the establishment of strong, consistent enforcement and monitor-
ing. Without a level playing fi eld and common ground rules, it becomes exceedingly 
diffi cult for industry to comply with established standards without adversely affect-
ing the bottom line. 

  Rwanda’s early industry engagement . In 2007, Rwanda’s government adopted a 
national food fortifi cation program. However, passing fortifi cation regulation 
(which, in the case of Rwanda, is in the form of a Ministerial Decree) is, as of 
February 2013, still pending fi nal approval. This has prevented most industries from 
taking up fortifi cation, even though all other systems are in place. Without a manda-
tory program, a level playing fi eld cannot be guaranteed. 

 Despite this situation, Rwanda’s largest maize fl our producer began to volun-
tarily fortify a portion of their product, based on market demand from schools and 
the WFP. Although it is too early to tell, this early industry engagement, if coupled 
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with strong consumer advocacy from the Ministry of Health or the Consumer’s 
Association, could be enough to usher other industries into fortifying their products 
before regulation is passed (in order to compete with a more desirable product on 
the market). 

  Measuring impact in Zambia . When it came time to measure the impact of 
Zambia’s sugar fortifi cation program, serum retinol was used as the biomarker of 
choice. However, results indicated no change in serum retinol measurements before 
and after sugar fortifi cation. The program was, therefore, deemed unsuccessful. 
What was not considered, however, were the high rates of infection present in the 
target population, which impacts the release of serum retinol binding protein from 
the liver and the absorption of vitamin A [ 42 ,  68 ]. As a result, serum retinol should 
not have been the indicator of choice to measure the impact of the program. Instead, 
retinol in breast milk or a proxy indicator (such as reduced mortality) should have 
been used to measure change in nutrient status [ 42 ]. Because of a poor choice in 
outcome indicators, the program risked losing government support. 

  Choice of fortifi cant as a recurring problem . After evaluating wheat fl our iron 
fortifi cation programs in 78 different countries, Hurrell et al. concluded that only 
nine of the 78 programs reviewed were likely to have a signifi cant positive impact 
on iron status because of the low bioavailability or nonrecommended form of iron 
that was used throughout the programs [ 69 ]. This is a critical point to understand, 
because numerous programs have repeated this mistake over and over again. If the 
bioavailability of the diet and/or the fortifi cant form used are not carefully consid-
ered, changes in nutritional status will be limited. This can lead to “failed” pro-
grams, when in fact the misstep was simply in the choice of the fortifi cant. 

 The two situations above are two examples that point to the growing importance 
of reviewing all components of the program when outcomes are not as expected: 
was bioavailability of the nutrient taken into consideration, was increased intake of 
the nutrient measured, was the right vehicle chosen in regard to reach and coverage, 
was the correct biomarker to measure impact chosen, and was the correct level used 
to measure the nutrient concentration of food at the industry vs. household level? Of 
course, it is better to address these issues before outcomes are actually measured, 
but these components are often overlooked and frequently lead to disappointing 
results in the fi nal phases of the program. 

 Nevertheless, as is the case in any post-implementation study, it is important to 
recognize that the survey, at best, can only be indicative of what might be occurring 
as a result of fortifi cation. Absent a control group, placebos, and other standard test-
ing tools, there is no way to positively attribute an improvement in micronutrient 
status, or lack thereof, to the food fortifi cation program. For example, improve-
ments or deteriorations in diet caused by economic fl uctuations or location (urban 
vs. rural), and the reduction or increase in disease as a result of improvements in 
sanitation or outbreaks of disease, may all play a role in infl uencing study outcomes. 
As a result, these factors should be carefully observed (and controlled for) to the 
extent possible in order to obtain a clear understanding of what programmatic com-
ponents may be working—and what needs improvement.  
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    Conclusion 

 Over the next 25 years, it is estimated that most of the world’s growth will be in 
urban populations of low- and middle-income countries throughout Africa and Asia 
[ 21 ]. It is within these poor urban settings that macronutrient and micronutrient 
malnutrition is on the rise, and where infection rates are disproportionately high [ 1 ]; 
where industrially processed foods have an increasing role; and where native whole 
grains and other micronutrient-rich foods are being replaced with refi ned fl ours, 
sugar, and oil [ 4 ]. By 2030, NCDs will cause over three quarters of all deaths world-
wide [ 17 ], of which micronutrient defi ciencies will be an inextricable component. 

 This situation provides a set of conditions that could arguably create a perfect 
storm for increasing rates of disease and malnutrition, and points to the importance 
of maintaining a strong focus on identifying fl exible, creative, and cost-effective 
strategies targeted at the urban sector to prevent what may be an ever-growing num-
ber of vitamin and mineral-defi cient global citizens. The inherent need among the 
urban poor cannot be argued. 

 At the same time, there exists an opportunity to reach these individuals through 
existing delivery channels and through commodities they are already consuming. 
By taking advantage of what already exists, micronutrient-rich foods can be deliv-
ered to over 80 % of the population, which has powerful implications for individual 
lives: immune systems could be bolstered enough to ensure the body can success-
fully face challenges posed by urban settings; infections, such as pneumonia, mea-
sles, and diarrhea, could be prevented; and the billions of dollars spent on education 
may translate into knowledge that is retained and usable. Individual country econo-
mies could save, on average, over $30 billion a year. 

 Food fortifi cation programs (which are some of the most uniquely designed 
interventions that exist today to address micronutrient defi ciencies) have proven to 
fi t the bill for improving the quality of food and, consequently, the health of the 
urban poor, in places where the need is high and the delivery system is already in 
place. One might believe that fortifi cation programs are actually designed with the 
urban poor specifi cally in mind. However, this can only happen if countries are will-
ing to put the time and effort into their careful design and implementation, manag-
ing and leading them, and sustaining them over time. 

 With multiple actors involved, and with competing demands and incentives at 
play, maintaining focus and patience throughout the process is vital. This becomes 
even more important with the inevitably sensitive issues that arise from dealing with 
the private sector’s bottom line, a persistent and critical public health issue, and a 
nation’s food supply. As a result, upholding a broad perspective of the program’s 
goals and how to measure them, while maintaining a clear understanding of indi-
vidual agendas and how the project must bridge multidisciplinary commitments, 
becomes the real art of implementation. 

 Why spend billions of dollars on curative interventions when the world health 
community and local governments could spend an order of magnitude less on pre-
ventative measures? We have a responsibility to leverage what we already know 
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works to infl uence a situation that could otherwise result in the further deterioration 
of the lives of the urban poor and the health of national economies.      

    Appendix: Macronutrients vs. Micronutrients 

 It was not until the 1980s that efforts to address malnutrition shifted from a focus 
solely on a lack of protein and calories (known as protein-energy or “macronutri-
ent” malnutrition) to one focused on a lack of vitamins and minerals (known as 
“micronutrient” malnutrition) [ 5 ]. Macronutrients are carbohydrates, proteins, and 
fats. Micronutrients are essential vitamins and minerals, such as iron, folic acid, 
zinc, vitamin A, and iodine, required in only small amounts yet remain critical to the 
human body for proper health and development. The body cannot produce most 
micronutrients, so they must be obtained directly from the diet.  

    How Is Food Actually Fortifi ed? 

 Although the process of adopting fortifi cation differs for production facilities 
depending on the food being fortifi ed and the current state of the facility, the major 
premise remains the same: 1) the food processor identifi es required changes that 
must take place, which generally includes source and cost of needed equipment, 
source and cost of premix (i.e., blend of vitamins and minerals based on established 
national standards), and required process line alterations; and 2) the food processor 
establishes internal quality assurance and quality control measures that continually 
test the safety and effi cacy of the premix and fortifi ed product. 

  Step 1 :  Identifi cation of equipment needs, premix, and process line changes . The 
introduction of fortifi cation into a facility’s production line can happen, even if a 
plant is already operating. Fortunately, most modern facilities already have the 
equipment needed for fortifi cation [ 70 ]. Dosifi ers, used to accurately dispense the 
correct amount of premix, are often already used to add ascorbic acid and vitamin E 
for food preservation purposes. The same holds true in many cases for mixers, 
which are important in fortifi cation to ensure the premix is mixed equally into the 
fi nal product. Where this is not the case, it is a relatively straightforward process to 
add a dosifi er and appropriate mixing devices. The establishment of quality assur-
ance and quality control measures specifi c to fortifi cation will be outlined in Step 2.  
 For facilities that do need to purchase new equipment, dosifi er costs can range from 
$1,000–20,000, depending on the kind of dosifi er chosen (i.e., volumetric, gravi-
metric, or loss-of-weight, in order of expense). Mixing units can range from $2,000–
10,000. The cost of premix, where the bulk of fortifi cation costs fall, will depend on 
the type and number of nutrients added and the amount of product that is produced. 
Rice fortifi cation is the only process where the number of micronutrients added 
does not affect cost because of the comparatively high price of purchasing rice ker-
nels for extraction methods.
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    Taking wheat fl our as an example, using 2008 prices, it costs $268 to produce 
one metric ton (MT) of wheat fl our and $312 to buy one MT of wheat fl our. The cost 
of premix to fortify this wheat fl our falls between $1.50 and $3.00 per MT when 
fortifying with iron, folic acid, and other B vitamins [ 51 ], which is an infi nitesimal 
portion of the production costs. This rises to $8 per MT when vitamin A is added 
[ 63 ]. Fortifi cant cost can, however, range up to $15–20 per MT, depending on the 
vehicle being fortifi ed, production capacity of the facility, and other addition fac-
tors. To put metric tons into perspective, a large-scale fl our production facility may 
produce in the range of 48 MT per day or greater. In most cases, however, produc-
tion within these large facilities is more on the magnitude of 250 MT per day. 

 Premix should be sourced from companies that have already received quality 
approvals from global nutrition bodies. For example, the Global Alliance for 
Improved Nutrition (GAIN)’s Global Premix Facility has already approved a 
 number of companies around the world as quality premix supplies and is available 
to provide procurement assistance to facilities as needed. 

 The timing of premix addition into the production line is important to consider 
(due to premix’s sensitivity to heat) and needs to be thoroughly mixed in with the 

  Large-scale mill dosifi er. Project Healthy Children 2011  
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fi nal product. Premix should be added before any processing steps that require high 
temperatures to avoid nutrient degradation but before the fi nal product is mixed (to 
ensure homogeneity).

      

     Step 2 :  Establish internal quality assurance and quality control measures . 
Fortifi cation quality assurance and quality control measures are needed to ensure 
the product meets the established national standard for safety and effi cacy. These 
measures should be incorporated into the production facility’s already established 
protocols for hygiene and safety. The East, Central, and Southern African (ECSA) 
Community has established quality assurance and quality control guidelines, which 
outline the specifi c type and number of qualitative and quantitative tests that should 
occur. 

 Quality assurance procedures and qualitative testing equipment for the facility 
can range from $3,000 to $8,000 [ 64 ]. Qualitative tests can range from $2 to $5 per 
test (conducted daily), while periodic outside quantitative testing (usually con-
ducted every month or every few months) can range from $10 to $100 per test [ 63 ]. 
There is a signifi cant range in up-front costs, generally speaking, from $6,000 to 
$40,000, in addition to the cost of premix and quality testing (considered recurring 
costs). However, these estimates are highly dependent on production parameters, 
the type of fortifi cation vehicle, and nutrients chosen. As a result, these numbers 
should be seen as gross generalizations that pertain mostly to the production of 
fortifi ed fl our. Each specifi c situation will differ. 

  Large-scale fl our fortifi cation production. Project Healthy Children 2011  
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 Finally, new packaging that designates the product as fortifi ed is required. In 
many cases, this simply includes the addition of the country or region’s designated 
fortifi cation logo. 

 Financial assistance to industry is sometimes provided by outside donors or gov-
ernment for the fi rst year or two. However, up-front costs, in most cases, can be 
recouped by industry through the market advantage fortifi cation gives producers 
(via consumer demand and regional fortifi cation regulations). Additional costs may 
be folded into the price of the fi nal product and either absorbed by the company or 
passed on to the consumer. Even when all programs costs are passed on to the con-
sumer, the price increase tends to be only 1–2 % on top of the usual price—an 
amount that is less than normal market price variation [ 5 ].   
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    Chapter 4   
 Innovations in Anti-Traffi cking Efforts: 
Implications for Urbanization and Health 

             Roy     Ahn      ,     Genevieve     Purcell     ,     Anita M.     McGahan     ,     Hanni     Stoklosa     , 
    Thomas     F.     Burke     ,     Kathryn     Conn     ,     Hannah     L.     Harp     ,     Emily     de     Redon     , 
    Griffi n     Flannery     , and     Wendy     Macias-Konstantopoulos    

            Introduction to Human Traffi cking 

 Human traffi cking is a signifi cant human rights violation and emerging global 
health problem that has been estimated to involve nearly 21 million victims world-
wide [ 1 ]. As defi ned by the United Nations  Protocol to Prevent, Suppress and 
Punish Traffi cking in Persons, especially Women and Children , traffi cking is:

  The recruitment, transportation, transfer, harbouring or receipt of persons, by means of the 
threat or use of force or other forms of coercion, of abduction, of fraud, of deception, of the 
abuse of power or of a position of vulnerability or the giving or receiving of payments or 
benefi ts to achieve the consent of a person having control over another person, for the pur-
pose of exploitation. Exploitation shall include, at a minimum, the exploitation of the pros-
titution of others or other forms of sexual exploitation, forced labour or services, slavery or 
practices similar to slavery, servitude or the removal of organs [ 2 ]. 
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   Traffi cking encompasses a wide spectrum of coercive activities, such as debt 
bondage, involuntary domestic servitude, recruitment of child soldiers, child sex 
traffi cking, and organ traffi cking. It occurs internationally (and within national bor-
ders) in all regions of the world where individuals are made vulnerable by environ-
ments of poverty, unemployment, war, natural disaster, and desperation [ 3 ].   Our 
increasingly globalized world has given rise to an ecosystem that supports the traffi c 
of human beings for all these purposes. With globalization has come the growth of 
cities as increased numbers of people migrate from rural to urban areas. Urbanization 
itself is a major facilitator of human traffi cking. The International Labour 
Organization (ILO) notes the importance of understanding, for example, sex traf-
fi cking as enabled by migration:

  The reality is that human traffi cking is not just an issue of sexual exploitation but a social 
development problem closely related to the economies and labour markets…and the exploi-
tation of vulnerable people confronted with these realities. It is, in many cases, linked to 
deeply rooted habits relating to work and the movement of people [ 4 ]. 

   While the ILO describes this phenomenon in the specifi c cases of Southeast Asia and 
the Greater Mekong Subregion, others describe its applicability worldwide. As Shelley 
(2001) suggests, the growth in disparities between “developed” and “developing” coun-
tries has created both supply and demand for human traffi cking, and this phenomenon is 
exacerbated by the existence of numerous interrelated and cyclical factors, such as the 
feminization of poverty and marginalization of rural communities, that affect the lives 
of many vulnerable people in the developing world [ 5 ,  6 ]. Combined, these factors cre-
ate an environment in which human traffi cking can fl ourish as individuals from more 
rural, impoverished communities seek opportunity in urban centers. 

    Chapter Overview 

 This chapter describes the nexus of urbanization, human traffi cking, and public 
health and identifi es promising innovations to address global human traffi cking. 
First, we briefl y describe why human traffi cking is an urban health concern. Second, 
we provide a brief overview of the social determinants of human traffi cking. Third, 
we highlight innovative anti-traffi cking efforts, including public awareness cam-
paigns, vocational training, community education, and victim identifi cation while 
supporting initiatives that target these social determinants. Finally, we summarize the 
implications of these anti-traffi cking interventions on urbanization and global health.   

    Human Traffi cking as an Urban Health Concern 

 The health and demographic signifi cance of human traffi cking are signifi cant. 
Human traffi cking—whether sex, labor, or organ traffi cking—is linked to myriad 
physical and mental health conditions that specifi cally arise from the abuse and 
deprivation that victims experience [ 7 ]. Concerns exist about the potential for 
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traffi cking—specifi cally sex traffi cking—to fuel the spread of sexually transmitted 
infections, including HIV, in urban centers [ 8 ]. Macias Konstantopoulos and col-
leagues’ study of sex traffi cking in eight cities of the USA, the UK, Brazil, the 
Philippines, and India found a wide range of reported health problems among traf-
fi cking victims—from sexually transmitted infections to depression [ 9 ]. Additional 
studies on human  traffi cking have documented health problems among victims, such 
as drug/alcohol addiction; dehydration or malnutrition resulting from insuffi cient 
food or liquid; and psychological distress resulting from threats, intimidation, and 
abuse by  traffi ckers [ 7 ,  10 ]. Notably, victims experience a compendium of health 
problems during various “stages” of their traffi cking experience (e.g., in transit to 
their traffi cking location, during their captivity, post-rescue (if applicable)) [ 10 ]. 

 The International Organization for Migration’s  Caring for Traffi cked Persons  
provides a synopsis of the health issues of human traffi cking victims (Table  4.1 ) [ 7 ].

   Table 4.1    Summary of the health risks and consequences of being traffi cked   

 Health risks  Potential consequences 

  Physical abuse, deprivation   Physical health problems, including death, 
contusions, cuts, burns, broken bones 

  Threats, intimidation, abuse   Mental health problems including suicidal 
ideation and attempts, depression, anxiety, 
hostility, fl ashbacks, and reexperiencing 
symptoms 

  Sexual abuse   Sexually transmitted infections (including 
HIV), pelvic infl ammatory disease, infertility, 
vaginal fi stula, unwanted pregnancy, unsafe 
abortion, poor reproductive health 

  Substance misuse  
 Drugs (legal and illegal), alcohol 

 Overdose, drug of alcohol addiction 

  Social restrictions and manipulation and 
emotional abuse  

 Psychological distress, inability to access care 

  Economic exploitation  
 Debt bondage, deceptive accounting 

 Insuffi cient food or liquid, climate control, 
poor hygiene, risk-taking to repay debts, 
insuffi cient funds to pay for care 

  Legal insecurity  
 Forced illegal activities, confi scation of 
documents 

 Restriction from or hesitancy to access 
services resulting in deterioration of health and 
exacerbation of conditions 

  Occupational hazards  
 Dangerous working conditions, poor training 
or equipment, exposure to chemical, bacterial 
or physical dangers 

 Dehydration, physical injury, bacterial 
infections, heat or cold overexposure cut, or 
amputated limbs 

  Marginalization  
 Structural and social barriers, including 
isolation, discrimination, linguistic and 
cultural barriers, diffi cult logistics, e.g., 
transport systems, administrative procedures 

 Unattended injuries or infections, debilitating 
conditions, psychosocial health problems 

  Adapted from Page 17, Caring for traffi cked persons: guidance for health providers. Geneva, 
Switzerland: International Organization for Migration; 2009  
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       Social Determinants of Human Traffi cking 

 Numerous factors fuel the human traffi cking trade. Individuals may be “pushed” 
into urban migration and become vulnerable to traffi cking by economic disparities 
associated with a lack of employment opportunities [ 3 ,  5 ,  7 ,  11 – 14 ]. 

 The centralization of educational and employment opportunities that occurs with 
urbanization has dramatic economic effects [ 15 ]. As the United Nations Population 
Fund (UNFPA) describes, changes brought on by urbanization have resulted in the 
“transformation of national economies, with growing numbers of people moving 
away from employment in agriculture and into industries and service sectors, and in 
the process increasing their productivity” [ 16 ]. These changes disrupt traditional 
livelihoods and infl uence individuals’ migration decisions. For example, citizens of 
the Philippines have found it diffi cult to maintain a sustainable livelihood through 
traditional agriculture and fi shing practices, largely due to environmental degrada-
tion and restrictive policies. Such circumstances often result in forced migration, as 
individuals who fi nd themselves “pushed” to urban areas seek better economic 
opportunities [ 7 ]. 

 Chuang states that women’s “vulnerability is exacerbated by well-entrenched 
discriminatory practices that relegate women to employment in informal economic 
sectors and further limit their avenues for legal migration” [ 10 ]. With reduced legal 
migration options, individuals are more likely to turn through informal channels to 
brokers, recruiters, or pimps for economic opportunity and are therefore at higher 
risk of being traffi cked [ 4 ]. Finally, experts identify political instability, civil unrest, 
armed confl ict, and natural disasters as conditions that stimulate migration [ 5 ,  7 ,  10 , 
 17 ]. Bales, for example, notes that the “[d]estabilization and displacement of popu-
lations increase their vulnerability to exploitation and abuse” [ 12 ]. 

 Complementary forces “pull” individuals into human traffi cking. The high 
demand for workers, and particularly for migrant labor, in destination areas 
continues to drive traffi cking. Chuang describes the unmet labor demands that 
exist in wealthier destination countries because of aging populations, particularly 
in positions she describes as “3D” jobs (dirty, dangerous, or diffi cult). These 
countries often rely on migrant labor to fi ll these positions [ 10 ]. In addition, 
Nogales, Shelley, and Chuang describe a phenomenon in which the demand for 
migrants’ “foreignness” is often a factor in the sex or domestic service industries 
because foreign migrants are seen as more vulnerable, fl exible, cooperative, and 
malleable [ 5 ,  9 ,  10 ]. In the case of organ traffi cking, the high demand for kidneys 
in developed countries (due to long waiting lists for kidney transplants) means 
that individuals from lower-income countries may fall prey to organ traffi ckers, 
who promise—but fail to deliver—to pay these vulnerable individuals once their 
organs have been removed. 

 These push and pull factors result in a “culture of migration,” as social and eco-
nomic disparities combine to create a supply of and demand for individuals seeking 
to migrate to cities.  
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    Innovative Anti-traffi cking Efforts Around the World 

 This section provides a typology of selected, promising anti-traffi cking initiatives 
from around the world initiated by a wide variety of stakeholders, including govern-
ments, civil society organizations, and multinational corporations. 1  Some are 
designed to increase the number of traffi cking victims identifi ed and assisted; others 
focus on instigating community responses to traffi cking. Some initiatives focus on 
addressing the push factors in rural areas that serve as a source of traffi cking victims, 
while others try to mitigate the pull factors in urban areas that create demand for 
traffi cking. Among these profi led initiatives, there is a strong emphasis on address-
ing the root causes of traffi cking. Furthermore, many harness the power of modern 
technology (e.g., mobile devices, new media) to effect change on a large scale. 
Overall, these initiatives affect public health in direct and indirect ways (i.e., given 
the association between traffi cking and health). 

    Public Awareness Campaigns 

 Public awareness campaigns remain one of the most widely used tactics in address-
ing the root causes of human traffi cking. Public awareness campaigns convey the 
following types of information [ 18 ]:

•    Describe the existence and scope of human traffi cking.  
•   Garner public support for anti-traffi cking campaigns.  
•   Reduce stereotypes and stigma of traffi cking victims.  
•   Educate at-risk groups on how to safely migrate [ 19 ].  
•   Educate on how to identify and report a suspected case of human traffi cking [ 14 ].  
•   Increase advocacy and inform policy-makers with the aim to introduce human 

traffi cking as a human rights issue or to advocate legislation [ 14 ].    

 Contemporary awareness-raising campaigns increasingly incorporate new technol-
ogies, such as social media and advertising that deliver a specifi c message to a targeted 
group [ 13 ]. The following informational campaigns promote messages that aim to pre-
vent human traffi cking through the use of creative dissemination strategies. 

    MTV EXIT (End Exploitation and Traffi cking) Campaign 

 The MTV EXIT campaign targets youth in low-income countries—using celebrity- 
powered documentaries and concert tours with popular musicians to promote cau-
tionary messages and tips on safe migration. The MTV EXIT campaign aims to 
increase general awareness and prevention of human traffi cking by promoting safe 

1   Many of these initiatives have not been rigorously evaluated; thus we label them as “promising,” 
but the lack of sound evaluation data is a gap that the anti-traffi cking fi eld needs to address. 
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migration in countries with reportedly high levels of human traffi cking with 
messages such as:

   “Don’t rush to migrate” [ 20 ]  
  “Verify jobs with 3 different individuals and a NGO” [ 15 ]  
  “Retain your personal documents” [ 15 ]    

 The campaign also describes potential dangers, realities, and consequences of 
life in a destination country after migration. By debunking the illusion of a better 
life, it aims  to encourage at-risk youth to undertake various precautions while 
deciding whether to travel and/or work abroad (i.e., check whether a recruitment 
agency is reliable, and properly proceed with visas, passports, embassies, tickets, 
and other forms of documentation). MTV EXIT has produced several celebrity- 
narrated documentaries, short fi lms, television shows, music videos with popular 
bands, online content in 14 languages, and, uniquely, live concert events all over the 
world. Local anti-traffi cking organizations are invited to distribute traffi cking 
awareness and prevention information. The concerts have proven to be widely 
 popular—800,000 concert goers to date—and have amassed support for anti- 
traffi cking activities worldwide [ 15 ]. MTV also notes that more than 80 million 
people have visited the MTV EXIT website [ 15 ].  

    Project for the Prevention of Adolescent Traffi cking in Latvia (PPAT) 

 The Project for the Prevention of Adolescent Traffi cking (PPAT) was developed by 
the International Organization for Adolescents (IOFA) as the fi rst comprehensive 
human traffi cking prevention initiative for youth and adolescents in Latvia and 
Eastern Europe. Included in this program is a nationwide information campaign 
throughout Latvia that specifi cally targets youth (14–25 years) at high risk for 
human traffi cking (i.e., homeless, disabled, runaway/throwaway, sexually exploited, 
and orphans) [ 14 ]. Similar to MTV EXIT, PPAT delivers messages around how to 
migrate safely by teaching youth how to verify whether a job opportunity is legiti-
mate, increasing awareness around current recruitment schemes of traffi ckers, who 
the traffi ckers are, and where and how to fi nd protection if they are traffi cked. The 
campaign utilizes traditional information dissemination strategies (i.e., public ser-
vice announcements, magazine articles, brochures, and posters) as well as movie 
trailers, chats on Latvian Internet sites, and free screenings of  Smooth Flight —a 
30-min documentary on the experiences of migration of Latvian youth—organized 
for orphans in fi ve sites across the country [ 14 ]. 

 At the conclusion of their campaign, PPAT collected data from 348 youth who 
were planning to work abroad in the next 6 months. They demonstrated that youth 
who had been exposed to three or more sources of information were 37 % more 
likely to take a safe migration precaution [ 14 ]. In these sessions, a counselor helps 
clients determine if they are making an informed decision about traveling to a spe-
cifi c country, reviews the client’s employment contract, and offers a viewing of 
 Smooth Flight  to learn more about the risks of traffi cking.  
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    Men Can Stop Rape 

 The  Men Can Stop Rape  initiative operates a traffi cking-related program that engages 
young men to create a culture free of violence, especially men’s violence against women. 
The organization has created two public awareness campaigns that show men role mod-
eling healthy choices and behaviors that “associate strength with character and integ-
rity” [ 21 ]. Specifi cally, the  Where Do You Stand?  campaign addresses issues of consent 
to help prevent sexism and sexual assault. The Strength Campaign, including its youth 
development programs—the  Men of Strength Club  and  Campus Men of Strength 
Club —promotes messages around gender-based harassment, teasing, bullying, and 
cyber harassing through public service announcements and posters that teach boys and 
teens how to intervene in situations of harassment at an early age [ 22 ]. Social media 
materials have been distributed in “all 50 states and 20 foreign countries, totaling over 
100,000 items sold” and have appeared in several publications including  The Washington 
Post ,  Chicago Sun Times , and  O Magazine  [ 23 ].  Men Can Stop Rape  brings together 
community-based training activities that provide men with tools to challenge sexual 
assault with information campaigns that saturate the environment with messages that 
aim to prevent and fi ght not only violence but also the devaluation and low status of 
women and girls in society, all of which are determinants of human traffi cking [ 24 ].   

    Vocational Training, Microcredit, and Social 
Enterprise Programs 

 Vocational training, microcredit, and social enterprise programs are community- 
level interventions that aim to address the lack of education/skills development and 
income-generating opportunities that often exist in regions that serve as “supply” 
areas for human traffi cking. The ILO’s International Program on the Elimination of 
Child Labor also describes the effect of microfi nance and vocational training on the 
elimination of migration push factors: generating income for families so that chil-
dren can remain in school and creating employment opportunities at home so that 
individuals are not required to migrate for jobs [ 4 ]. In addition, microfi nance pro-
vides savings and emergency loans to buffer against fi nancial emergencies such as 
family illness or crop failures, and offers people affordable credit options [ 25 ]. 

 Vocational training and microcredit activities can take a variety of forms, and 
they are often bundled together into combined programs that provide skills as well 
as credit. Below we describe several initiatives that aim to improve livelihoods 
through these types of community-level interventions. 

    SWEEP, Uganda 

 Implemented by Century Entrepreneurship Development Agency (CEDA) 
International and funded by the UN Youth Habitat Fund, the Slum Women Economic 
Empowerment Project (SWEEP) is a program specifi cally designed to protect 
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women living in Ugandan slum areas against the threat of human traffi cking and 
sexual exploitation. The program is a multifaceted, 12-month training program for 
young women on entrepreneurial skills (i.e., develop business ideas and attain 
fi nancial literacy). SWEEP trains single mothers, aged 15–32, living in the Kawempe 
slum in the capital city, Kampala. Upon “graduating” from this intensive program, 
“…the young women will be supported to join employment through internship with 
selected partners and those interested in entrepreneurship will be connected to incu-
bation programs to actualize their ideas. The mentored women will form mentoring 
clubs and become peer mentors each required to mentor two other women in their 
community and the two will mentor four to grow the factor tree. They will also form 
savings and Investment [sic] clubs as a source of future fi nancing” [ 26 ].  

    Young Women in Enterprise, Kenya 

 The Young Women in Enterprise program in Kenya combines efforts that economi-
cally and socially empower women, thereby addressing two different determinants 
of human traffi cking. Run by US-based nonprofi t TechnoServe and sponsored by a 
grant from Nike, the urban antipoverty program targets young women ages 15–22 
years and aims to help them launch “employment-generating, women-owned busi-
nesses that support Kenya’s communities” [ 27 ]. Three thousand women have par-
ticipated in the YWE initiative since 2005 [ 21 ]. 

 According to the program’s website:

   The YWE program comprises four components: training on using tools to plan, 
implement, and manage a small business; links to fi nancing, with an emphasis on the 
importance of savings; mentorship guided by leading women entrepreneurs, among 
others; and mini-business plan competitions, which identify promising business 
ideas and enable talented entrepreneurs to further advance their businesses [ 21 ].    

 One notable aspect of the program is the Enterprise Club Competitions, in which 
young women present their business plans to a local panel of judges, receive feedback, 
and compete for prizes and/or cash. The most promising business plans are presented to 
new regional judging panels, and young women can win up to 500,000 KSH (approxi-
mately 6,000 USD) for their enterprise ideas. Prize winners may be qualifi ed to seek 
funding for their businesses from the Youth Enterprise Development Fund through the 
Ministry of State for Youth Affairs [ 21 ]. Additionally, the program provides life skills 
training and education, particularly around the issue of HIV/AIDS. TechnoServe hopes 
that this combination of interventions will “[help] them avoid the vulnerability that too 
often leads girls to become child brides or at risk for HIV/AIDS” [ 21 ].  

   GoodWeave International (GWI) 

 GoodWeave International is an international nonprofi t organization that addresses 
root causes of child labor in the “weaving communities” of Afghanistan, India, and 
Nepal, and consumer countries of Germany, the UK, and the US through a corporate 
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certifi cation and schooling program for “rescued” children. The GWI Child Labor 
Free certifi cation program licenses rug importers and exporters who sign a legally 
binding contract ensuring that child labor will not be used to make rugs. Importers 
must agree “to source only from GoodWeave certifi ed exporters in India and Nepal 
and any other country in which GoodWeave rugs are available.” Only licensed 
importers are permitted to sell GoodWeave label carpets [ 28 ]. 

 Exporters (looms) undergo unannounced, random inspections by local inspec-
tors [ 22 ]. If they fi nd children working, manufactures lose their GoodWeave certifi -
cation, and children working for these manufacturers are subsequently offered a 
fully sponsored education. After reunifi cation with their families, GoodWeave will 
match the child with an educational program that includes intensive literacy and 
math training. This program leads to more formal education that incorporates lan-
guage, social studies, math, science, and other extracurricular activities, such as 
music and art. The child has the opportunity to enter a vocational training program 
at age 14. GoodWeave also provides day care, early childhood education, and 
school sponsorship for children of adult weavers as well as adult literacy programs 
and health clinics in weaving communities [ 29 ]. To help support GoodWeave in its 
commitment to provide rehabilitation and schooling for all “rescued children,” 
exporters pay 0.25 % of the export value of each rug and importers pay a licensing 
fee of 1.75 % of the shipment value [ 22 ]. 

 GoodWeave is working to further address root causes of child labor by expand-
ing its standard and by working with producers to include criteria that ensure 
employees work under safe conditions for a “reasonable wage” [ 22 ].  

   Not for Sale Rebbl Tonic 

 Not for Sale (NFS) is a US-based nonprofi t organization that addresses human 
 traffi cking by “creating enterprise opportunities for vulnerable communities, offer-
ing social services to survivors and those at risk for human traffi cking, and evaluat-
ing the use of forced labor in mainstream supply chains” [ 30 ]. NFS addresses key 
economic determinants for traffi cking, namely, access to economic opportunity and 
access to education, via social enterprises. Currently, NFS produces Rebbl Tonic, an 
herbal tonic sourced from the Peruvian Amazon—a region that is reportedly the site 
of 50 % of Peru’s forced labor [ 31 ]. By sourcing key ingredients for the drink from 
indigenous communities located in the region, Rebbl hopes to stimulate economic 
development in the area and generate revenue back into NFS fi eld activities. In 
addition to creating sustainable employment for the providers of ingredients, 2.5 % 
of proceeds are donated back to the Not For Sale Campaign and reinvested into the 
community in the form of improvements in the education, nutrition, and transporta-
tion infrastructure [ 32 ].  
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   LAO/021 Village Development Fund, Laos 

 Microfi nance initiatives are prevalent throughout the world and are designed to 
empower individuals economically, thus providing a buffer against poverty—a 
major traffi cking determinant. A village banking program called the Village 
Development Fund, or “VDF,” established by the Bolikhamxay Livelihood 
Improvement and Governance Project utilizes an innovative approach to 
 microfi nance—built on the principle that in order to borrow money, one must save 
money as well. This method “displac[es] loan sharks and their high-interest loans 
and instill[s] a culture of savings and planning” [ 4 ]. The VDF savings-based 
approach to rural fi nance is coupled with vocational and business management 
training. The approach is particularly important for women in Laos, who own most 
of the registered small businesses in the country but who often have limited access 
to technical training, fi nancial services, and information about the local market [ 4 ]. 

 A nonprofi t called the Lao Sustainable Community Development Promotion 
Association helped communities adapt to the new VDFs. Guidelines established 
included the requirement of maintaining a minimum amount of savings for at least 
3 months prior to taking out a loan from the bank; this guideline increased partici-
pants’ personal investment in the bank’s success. Another requirement was the 
inclusion of both men and women on the bank’s managing committee. The ILO 
notes: “Village fund savings average more than 1,000 USD and loan repayments 
are now 100 % [ 19 ]. Well over 100 villages are now participating and the 
Government and its institutions have pledged to continue the programme and 
indeed expand it” [ 4 ].   

    Targeted Community Education 

 The public awareness campaigns discussed previously address a broad audience and 
seek to establish basic knowledge about human traffi cking. By comparison, com-
munity education programs can provide more in-depth and  targeted information  to 
affected or at-risk populations and other stakeholders who may come into contact 
with traffi cking (e.g., groups that assist victims and survivors, men who solicit sex-
ual services). 

   Community Education Programs for Adolescent Girls 

 Programs such as Thai Women of Tomorrow use traditional pedagogical techniques 
to raise awareness about labor traffi cking and the sex trade. Thai Women of 
Tomorrow functions primarily in rural northern Thailand, where 80 % of all migra-
tion is directed to the metropolitan Bangkok area [ 33 ]. This organization provides 
education about sex traffi cking and supports secondary education for young women 
who otherwise would remain at risk for traffi cking.  
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   Training of Key Responders to Human Traffi cking 

 Community-based responses extend to the training of professionals in fi elds  relevant 
to traffi cking. The Joint Knowledge Online (JKO) is the US Department of Defense’s 
(DoD) online training program for government departmental employees. This pro-
gram takes an innovative approach by training DoD employees through a mobile 
application accessible via smartphone. One of the many required courses of the 
military and civilian DoD employees, Combating Traffi cking in Persons (CTIP), 
includes six sections, each followed by a short quiz. There is also a fi nal posttest to 
demonstrate mastery of the material. Successful completion of the training is veri-
fi ed by JKO, and proof of completion is required by those mandated to complete the 
training. This particular form of training, which is easy to update and correct, allows 
employees of the DoD to access this important training remotely and complete it on 
their own time. The accessibility allows the DoD to disseminate appropriate train-
ing materials to the people in their employ who are best suited to address human 
traffi cking [ 34 ]. 

 Similarly, the nonprofi t Polaris Project, which operates the US National 
Human Traffi cking Resource Center, maintains a website of online training mod-
ules and webinars for anti-traffi cking stakeholders. The training topics address a 
wide array of professional audiences; titles on this website include, “Human 
Traffi cking: An Introduction to Military, Civilians, and Contractors,” “Human 
Traffi cking and Traveling Sales Crews,” and “Building a Local Crisis Response 
to Human Traffi cking” [ 35 ]. 

 Training programs for law enforcement and social service professionals abound, 
but there has been a recent increase in training programs for professional communi-
ties such as health care. In 2011, Zimmerman et al. published a conceptual model 
for involving the healthcare community in the fi ght against traffi cking, and a recent 
review of anti-traffi cking resources for health-care workers notes that “because of 
traffi cking victims’ increased risk of experiencing acute and chronic health effects, 
healthcare professionals may be in a unique position to identify, interact with, and 
support victims” [ 9 ]. The Florida Medical Association has developed a continuing 
medical education module on “domestic violence with an emphasis on human traf-
fi cking” that is mandatory for physician relicensing in the state of Florida [ 36 ]. The 
Human Traffi cking Initiative (HTI) at the Massachusetts General Hospital’s 
Division of Global Health and Human Rights 2  conducts training aimed at enlisting 
healthcare workers in the identifi cation, treatment, and referral of labor and sex traf-
fi cking victims. The training focuses on traffi cking defi nitions, epidemiology, risk 
factors for traffi cking, principles of trauma-informed care in screening, response 
and referral, and collaborations with service providers and law enforcement. Thus 
far, training sessions have taken place across the USA as well as in Kenya and the 
Caribbean—in both urban and rural settings [ 37 ]. In addition, in 2014, the HTI 

2   The authors of this chapter are all affi liated with the Human Traffi cking Initiative, Massachusetts 
General Hospital Division of Global Health and Human Rights, Department of Emergency 
Medicine. 
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opened a novel academic hospital-based clinic (called the MGH Freedom Clinic) 
that provides trauma-informed, comprehensive health care to survivors of human 
traffi cking; this clinic also allows researchers to better understand the physical and 
mental health needs of survivors.  

   Targeting Demand 

 A community-based approach also can address the demand side of traffi cking. The 
so-called john schools—educational and community service programs required of 
convicted customers of sex workers—aim to prevent traffi cking by educating poten-
tial customers about the signifi cant presence of traffi cking victims in the sex worker 
community. The Red Zone program is such a diversion program for purchasers of 
sex in Indianapolis, Indiana. Red Zone is unique among john schools for its empha-
sis on community: participants meet residents of the community in which they were 
arrested and discuss how the presence of sex traffi cking is detrimental to that neigh-
borhood. Participants also interact with each other, discussing their own neighbor-
hoods and children while drawing parallels to the damage that they may be fostering 
in other neighborhoods. One of the key messages emphasized by Red Zone is that 
“men who buy sex seldom buy in the neighborhood in which they live” [ 38 ]. Rather 
than serve as a platform for education about the sex trade—including sex 
traffi cking —Red Zone takes the extra step of making that information relevant to 
the participants, taking advantage of the power of participatory community action. 

 Similarly, an independent, scientifi c evaluation of the San Francisco “john 
school” program demonstrated a signifi cant reduction in recidivism among men—
i.e., rearrest for solicitation. This program, called the First Offender Prostitution 
Program (FOPP), gave men arrested for solicitation an opportunity to avoid prose-
cution by attending a one-day education course on the harmful consequences of sex 
traffi cking [ 39 ].   

    Initiatives to Improve Victim Identifi cation and/or 
Disruption of Traffi cking Rings 

   Educating Businesses and Their Workers 

 Communities that come in contact with traffi cking victims in transit have become 
involved in efforts to prevent new cases of traffi cking through early identifi cation of 
victims and detection of human traffi cking rings. The US Department of Homeland 
Security (DHS) and Department of Transportation (DOT) established the Blue 
Lightning Initiative, which provides training materials to airline workers about the 
warning signs of human traffi cking—and how to report suspected cases to the US 
government [ 40 ]. The US DHS has also partnered with Amtrak to train upwards of 
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8,000 Amtrak police offi cers to recognize the signs of human traffi cking and 
 intervene on behalf of the victims [ 41 ]. Both of these operations fall under the 
umbrella of the Blue Campaign, which is an initiative led by the DHS aimed at 
forming partnerships between government agencies, nongovernmental organiza-
tions, and private companies to help fi ght human traffi cking. The tourism industry 
has also been identifi ed as an arena in which workers are more likely to encounter 
sex traffi ckers and sex-traffi cking victims. “Thecode.org” is a website run by 
ECPAT-USA, which provides information on traffi cking, and registers corporations 
to provide voluntary trainings for their employees to help recognize human traffi ck-
ing and intervene on behalf of the victims [ 42 ]. In a similar vein, Truckers Against 
Traffi cking trains truck drivers and employees of travel plazas to recognize and 
report suspected cases of sex traffi cking. Truckers Against Traffi cking leverages the 
interactions truckers have as potential customers of sex traffi cking victims to 
 identify and dissolve traffi cking rings. 

 UN.GIFT, the United Nations’ anti-traffi cking program, and the End Human 
Traffi cking Now! campaign (EHTN) have created an e-learning tool and training 
manual for business leaders, managers, and employees to identify the risks of 
human traffi cking in their supply chains and take action to mitigate these risks [ 43 ]. 
The tool is targeted toward a business audience and draws on information from case 
studies completed by and within the business community, such as human traffi cking 
in the production of sporting goods, cosmetics, and textiles, as well as in the air 
travel, tourism, and hospitality markets [ 37 ].  

   Mobile Smartphone Applications for Early Identifi cation 
and/or Assistance for Survivors 

 Two new mobile applications for smartphones, created by Redlight Traffi c and 
Orphan Secure, aim to crowdsource the identifi cation of individuals in traffi cking 
situations and streamline the process of reporting potential incidents of human traf-
fi cking. Both applications provide user-friendly forms to report a case of suspected 
traffi cking, while the built-in location services of the users’ mobile phones provide 
exact locations to the organization that manages the information, which then com-
municates with local law enforcement agencies [ 44 ,  45 ]. Orphan Secure’s 
“FREEDOM!” app is available in 12 different languages, and Redlight Traffi c 
enables user photographs to be attached to the reports [ 38 ,  39 ]. 

 Mobile applications are also under development on the victim services side. For 
example, the application SafeNight (Fig.  4.1 ) will crowdsource funding for short- 
term housing to provide emergency shelter for human traffi cking victims. As the 
SafeNight founders state, “By creating a mechanism that engages individual donors 
to fund emergency, on-demand hotel placements SafeNight will increase the avail-
ability of emergency shelter for human traffi cking survivors; provide an opportunity 
for additional services and support to be offered by case managers; and provide data 
for the fi eld, as a whole, on the real needs for shelter” [ 46 ].   
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   Information Technologies to Identify Criminal Rings Involved 
in Global Traffi cking 

 Novel information technology is being utilized to disrupt child pornography rings in 
the USA and throughout the world. Microsoft Corporation’s PhotoDNA image 
 recognition technology, which “creates a unique signature for a digital image, 
something like a fi ngerprint, which can be compared with the signatures of other 
images to fi nd copies of that image,” is being used by law enforcement agencies to 
identify child victims through image matching [ 47 ]. Social media companies such 
as Facebook are using this technology to scan all images posted by users and to col-
laborate with the National Center for Missing & Exploited Children (USA) to fl ag 
any images suspected to be child pornography. Furthermore, the technology is being 
used by the Child Exploitation Tracking System (CETS), a transnational network of 
law enforcement (e.g., Brazil, the US, the UK) to help track suspected child pornog-
raphers [ 48 ].    

    Discussion 

 Traffi cking in persons is a criminal activity that has severe repercussions for 
individuals’ physical and mental health. Furthermore, the population health con-
sequences of this crime (e.g., spread of sexually transmitted infections across 

  Fig. 4.1    Caravan Studio’s 
SafeNight App [ 40 ]       
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populations) are profound. The innovative anti-traffi cking initiatives described in 
this chapter are diverse; some directly target traffi cking, while others address one 
or more social determinants of human traffi cking. Some initiatives specifi cally 
target traffi cking in urban settings, while others address traffi cking in rural and/
or urban locales. 

 From slum-based economic training programs for young women in Kenya and 
Uganda to “john schools” in San Francisco, these interventions work to address 
multiple levels of society. At the societal level, public awareness campaigns aim to 
change gender norms, eliminate violence against women, and promote safe migra-
tion. At the community level, training and social enterprise programs create job 
opportunities and promote awareness of traffi cking in “origin” areas. Educational 
initiatives aim to eliminate traffi cking within certain industries and train nontradi-
tional professionals to respond early to human traffi cking cases. At the individual 
level, programs provide skills, business opportunities, and education to vulnerable 
populations and aim to improve girls’ self-esteem. 

 Technology and “new media,” including mobile applications and social net-
working sites, are beginning to play a more signifi cant role in global anti-traffi cking 
efforts. Human traffi ckers have been adept at using the Internet and other informa-
tion technologies to exploit vulnerable individuals. The increased use of informa-
tion technology by anti-traffi cking stakeholders to neutralize and ultimately defeat 
traffi ckers is a promising development as such reliance potentially exposes traffi ck-
ers to scrutiny. Much work is needed to take up this opportunity to advance the 
 anti- traffi cking fi eld. For example, as Marshall describes in his article on traffi cking 
behavior theory, shortcomings of current prevention efforts include “the limited evi-
dence on which many interventions are based; insuffi ciently clear objectives; lim-
ited evaluation of outcomes and impacts; and the fact that many prevention activities 
have been isolated rather than part of a strategic package of interventions” [ 49 ]. 

 Overall, eliminating human traffi cking is a complex task, especially as urban-
ization continues its unabated course. The role of innovations in addressing 
human traffi cking cannot be overstated—as a catalyst of ideas for durable inter-
ventions and enhancer of multi-sectoral solutions to this global problem. The 
examples of innovations in anti-traffi cking in this chapter have the potential to 
improve urban health—both directly, by improving health-care access for victims 
and survivors in cities, and indirectly, by addressing urban poverty, which is a 
key determinant of traffi cking. The health-care community has a particular role 
to play in anti- traffi cking innovations. For instance, the prospect of integrating 
efforts to combat traffi cking into health-care protocols carries particular promise. 
Prevention, diagnosis, and treatment of traffi cking victims demand innovation 
that accounts for the social embeddedness of exploitation. By focusing attention 
particularly on the processes of migration, the health-care community can dra-
matically improve population health in cities and combat the heinous violation of 
the rights of vulnerable persons.     
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    Chapter 5   
 Securing Cities: Innovations for the Prevention 
of Civic Violence 

             Horacio     R.     Trujillo      ,     Elena     Siegel     ,     Malcolm     Clayton     , 
    Gabe     Shapiro     , and     David     Elam    

            Introduction 

 The character of large-scale deadly violence around the world is changing. Since 
World War II, wars between nation states have declined in both number and deadli-
ness. And while it is commonly perceived that wars within states have risen in place 
of wars among them, intrastate wars have also declined since the end of the Cold 
War. 1  Nevertheless, as interstate and intrastate wars decline, large-scale violence is 
increasing in a different form—endemic and oftentimes warlike civic violence or 
 reactive  and  recurrent  violent expressions of grievances among citizens, individuals, 
and groups that can range from spontaneous protests to gang warfare to even 
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intentional mass violence by the state against its citizenry. 2  Importantly, such vio-
lence is largely particular to rapidly growing cities in the developing world, leading 
to observations that “urban zones are fast-becoming new territories of confl ict and 
violence.” 3  In addition, the development of military and humanitarian doctrine is 
beginning to refl ect a more primary concern with the violent city. 4  With this type of 
endemic and increasingly large-scale urban civic violence representing one of the 
growing threats to human security around the world, it is critical to outline a research 
agenda for identifying effective approaches for addressing this threat. 

 This chapter is an effort to call for and develop one approach to inform a research 
program on urbanization and violence: the identifi cation of notable innovations to 
address large-scale civic violence that is associated with the growing challenge of 
managing heretofore unrealized levels and rates of urbanization. This approach is 
particularly useful for identifying promising solutions to such large-scale civic vio-
lence, because this phenomenon, which is largely urban in character, is still becom-
ing more recognized and understood as urbanization. Even more so, because of the 
relative novelty of the unprecedented levels of urbanization, even efforts that appear 
to be effective have largely not yet been subject to more formal empirical analysis. 
As such, the effort to identify examples of innovative approaches to addressing this 
type of violence that are more robustly acknowledged to be effective by a variety of 
sources can help to advance a research agenda in at least three ways—(1) for poli-
cymakers, beginning a cataloguing of “good practice” from which others can learn 
and to spur a careful conversation about what constitutes good practice in these 
efforts; (2) for researchers, identifying a number of cases to be more carefully evalu-
ated from empirical perspectives to deepen our collective understanding of causal 
relationships between urbanization and large-scale collective violence, as well as 
interventions undertaken to address this violence; and (3) for policymakers and 
researchers, suggesting common phenomena and relationships among these model 
programs that could be investigated further in an effort to develop the theoretical 
understanding of this emergent, critical fi eld. 

2   On the rise of a new type of urban violence, see both Jo Beall, Dennis Rodgers, and Tom 
Goodfellow, “Cities, Terrorism and Urban Wars of the 21st Century,”  Crisis States Working Papers 
Series 2 , 85, London School of Economics (London), January 2011, and Robert Muggah with 
Kevin Savage, “Urban Violence and Humanitarian Action: Engaging the Fragile City,”  The 
Journal of Humanitarian Assistance , January 19, 2012. The defi nition of “civic violence,” drawn 
from Beall et al., and its analytical value will be further clarifi ed later in the chapter. 
3   Elena Lucchi, “Between War and Peace: Humanitarian Assistance in Violent Urban Settings,” 
 Disasters  34:4, October 2010, p. 973. 
4   According to the World Health Organization, in 2004 the approximate number of deaths due to 
interpersonal violence was nearly 600,000, representing an increase nearly 20 % from 500,000 in 
2002. In comparison, the number of deaths in 2004 due to war was approximately 170,000, less 
than 10 % increase from 182,000 2 years earlier; from World Health Organization,  Cause of Death 
Estimates: Death by Violence , World Health Organization (Geneva), 2004. Sean Fox and Christian 
Hoelscher, “The Political Economy of Social Violence: Theory and Evidence from a Cross-
Country Study,”  Crisis States Working Papers Series  2, 72, London School of Economics (London), 
April 2010. See Alexandre Cautravers, “Military Operations in Urban Areas,”  International 
Review of the Red Cross  92:878, June 2010, on urbanization’s infl uence on the importance of cities 
as sites of military and humanitarian operations. 
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 With these objectives in mind, we have reviewed the literature on urban violence, 
urbanization and violence, and efforts to address urban violence, in order to identify 
those cases that we felt could be presented as examples of promising innovations to 
address specifi cally endemic, large-scale, and collective violence related to urbaniza-
tion. We focused our attention on this type of violence because of the lesser degree of 
attention paid to this phenomenon than to urban violence more generally—whether 
on testing the causal relationship between violence and urbanization, per se, or on 
identifying good practice in addressing urban violence broadly, which can focus 
on more individualized even if endemic violence—as well as the potential difference 
in character of this type of violence, which has generally been understudied. 5   

    Case Studies of Addressing Urban Violence 

 Given the intentionally narrow focus on larger-scale, endemic, and collective vio-
lence in urban settings, as well as our effort to identify cases for which we could 
ascertain some degree of effectiveness, we narrowed our selection down to six 
cases. These six cases include: a) three programs focused on addressing particularly 
endemic, large-scale, and collective forms of violent crime in the cities of Diadema, 
Brazil; Lagos, Nigeria; and Boston, U.S.A.; b) one focused on broad efforts to pre-
vent a recurrence of primarily urban, large-scale electoral violence in Kenya; and c) 
two focused on inuring urban environments against the risk of endemic urban vio-
lence through urban upgrading in Khayelitsha, South Africa, and Women’s Safety 
Audits in various communities. 

 Together, these cases illustrate three broad lessons for efforts to protect cities from 
larger-scale, endemic urban violence in particular. The most important of these is not 
simply a restatement that the causes of violence are myriad and thus a variety of 
approaches are needed to address it, but rather that endemic, large-scale, and collec-
tive violence in urban areas is particularly complex and cannot be effectively 
addressed as only a problem unto itself. Instead, this violence must be viewed as the 
ultimate manifestation of other challenges of urbanization that are addressed in this 
book, ranging from those of the health of individuals and their communities to those 
related to environmental conditions of cities. Correspondent with this fi rst lesson, a 
second is that the search for solutions to endemic, large-scale, and collective violence 
in cities can benefi t greatly from an augmented use of a public health approach for 

5   See, for example, Halvard Buhaug and Henrik Urdal, “An Urbanization Bomb? Population 
Growth and Social Disorder in Cities,”  Global Environmental Change , 23:1, February 2013, 
pp. 1–10; Alessandra Heinemann and Dorte Verner, “Crime and violence in development: A litera-
ture review of Latin America and the Caribbean,”  World Bank Policy Research Working Paper  
4041, 2006; Brennan-Galvin, Ellen, “Crime and violence in an urbanizing world,” Columbia 
University Journal of International Affairs, 56:1, 2002, pp. 123–46; Caroline O.N. Moser, “Urban 
violence and insecurity: an introductory roadmap,”  Environment & Urbanization , 16:2 October 
2004; Peter Gizewski and Thomas F. Homer-Dixon, “Urban Growth and Violence: Will the Future 
Resemble the Past?”  American Association for the Advancement of Science , 1995. 
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analysis and program design. Because of the increasing potential for such violence to 
fl are up in the face of unprecedented urbanization and yet still be limited to a small 
number of cases, as well as the variation among these cases, it is not likely that we 
will be able to rely on broad empirical analysis of a large number of interventions to 
better establish clear evidence of universal best practice. Instead, we are more likely 
to have to rely on continual innovation in the face of emerging conditions, matched 
by more careful evaluation of the effectiveness of these interventions, documentation 
of the results of these efforts, and increased sharing of this understanding. This brings 
up the third lesson, again drawing from the public health fi eld: to move us ahead in 
the efforts not only to intervene to stop this form of violence but even more so to 
prevent it from arising in the fi rst place requires more careful data collection and 
evaluation regarding the effects of these various innovations. These efforts will provide 
more cases from which we can draw strong lessons and will prevent us from relying 
on models that we can only hold up as promising.  

    Urbanization and Endemic, Large-Scale Violence 

 While the relationship between violence and urbanization is colored by the character of 
the urbanization—with violence being more strongly associated with growth in 
inequality and other factors than simply growth in the geographic expanse, population 
size or population density of cities—it is nonetheless the case that many cities, espe-
cially larger cities in Latin America and Africa, have experienced dramatic increases in 
the levels of violence affecting their populations. 6  It should not be overlooked that if the 
pace of urbanization is taken into account, there is a stronger association between 
urbanization, per se, and violence, with higher rates of violence seen in more rapidly 
urbanizing environments, particularly urban agglomerations. 7  Moreover, as Gizweski 
and Homer-Dixon note, studies that fi nd little causality from urbanization to growth are 
looking at levels of urbanization that pale in comparison to the levels we look to face in 
the not-too-distant future, and oftentimes use a limited number of theories that do not 
take into careful consideration urbanization as an infl uence that can catalyze other 
causal factors rather than being a uniquely causal factor in itself. 8  

 To this point, the dynamic relationship between urbanization and violence can 
itself sow the seeds of greater violence. For example, in some cases, the entire 
neighborhoods, or even larger areas of cities, particularly poorer areas, can become 
so violent that the climate of fear and distrust created by chronic violence gets 
entrenched, such that it engenders additional violence justifi ed as defense. In some 

6   Beall, Rodgers and Goodfellow,  op cit. 
7   World Bank Social Development Department Confl ict, Crime and Violence Team,  Violence in the 
City , The International Bank for Reconstruction and Development/The World Bank, April 2011, 
pp. 18–19. 
8   Among the factors that can contribute to large-scale violence and which urbanization could poten-
tially catalyze, Gizewski and Thomas F. Homer-Dixon,  op cit , identify economic crisis, deteriorated 
social capital due to communalism or criminality, democratization, and the availability of arms. 
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of these cases, such areas can become effectively “no-go zones” into which public 
safety offi cials will not venture, trapping the already marginalized populations in a 
mutually reinforcing cycle of insecurity, violence, and poverty. In other cases, 
governments can take more forceful actions to reassert control that undermine the 
governance of the city or even the broader country, such as in the case of heightened 
violence in capital cities, again unintentionally fostering conditions that put societies 
at higher risk of such violence. Even in countries where most of the population is 
rural, such as in Guatemala, and in regions with relatively lower levels of urban 
violence, such as in the Middle East or Western Europe, urban violence can often-
times still be signifi cantly higher than violence outside of cities. 9   

    The Impacts of Urban Violence 

 In economic terms, the costs of urban violence are found in both a direct loss of gross 
national income and, even more signifi cantly, in the reduction of growth rates, contrib-
uting to worsened socioeconomic prospects over the long run. At a microlevel, 
violence, and even the fear of it, deters and constrains individuals from investing to 
improve future prospects. It can prevent citizens from furthering their own education, 
saving fi nancial capital, or developing businesses and even from seeking effi cient and 
improved employment opportunities due to the risk of intracity travel. At a macro 
level, violence erodes trust among persons, limiting the formation and even distorting 
both civil and governmental social capital critical to effective collective action and 
governance. 10  Various studies have attempted to quantify the overall economic cost of 
violence in rapidly urbanizing regions, suggesting that the direct costs of urban crime 
and violence can amount to signifi cant percentages of GDP and stunt growth rates. 
For example, the UN Offi ce on Drugs and Crime (UNODC) and the World Bank 
report that in Guatemala, violence concentrated primarily in the capital city cost the 
country $2.4 billion or 7.3 % of GDP in 2005 alone. Given the higher risk for violence 
that is associated with lower levels of economic development, the need to curtail 
violence is a critical objective in breaking the poverty- violence trap. 11  

 Worse, this challenge is likely to be aggravated as cities in the developing world 
that are already home to half of the world’s population continue to grow rapidly over 
the next 25 years, ultimately absorbing almost all of the new population growth 
expected during this time. 12  While the development of cities has been key to economic 
growth and improved life opportunities for millions of persons in these countries, 

9   World Bank Social Development Department Confl ict, Crime and Violence Team,  op cit ; Oliver 
Jütersonke et al. “Gangs and Violence Reduction in Central America,”  Security Dialogue  40, 
October 2009; UN-HABITAT,  Global Report on Human Settlements 2007: Enhancing Urban 
Safety and Security , Earthscan (London), 2007. 
10   World Bank Social Development Department Confl ict, Crime and Violence Team,  op cit. 
11   World Bank,  World Development Report 2011: Confl ict, Security and Development ; Paul Collier, 
 Breaking the confl ict trap: Civil war and development policy , Oxford University Press, 2003. 
12   UN-HABITAT,  op cit. 
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especially over the past several decades, many urban areas are now themselves sites 
of increasing poverty, driven both by their absorption of more of the rural poor and 
dramatic rises in economic inequality. As a result, today more than one-quarter of all 
urban residents around the world live in slums. 13  The collection of global trends thus 
unfortunately exemplifi es a commonly accepted understanding of the dynamics 
of urban violence—as cities grow larger, different social conditions are manifest, 
including lower probabilities of being recognized and punished, which infl uence the 
preferences of individuals, criminality, and the rise of violence. The growth of slums 
that accompanies particularly rapid growth of cities exacerbates this permissiveness 
because of the characteristically weaker governance of these spaces. 14   

    New Levels of Violence and Novel Approaches 

 While the sketch above outlines the critical challenge of urban violence broadly, we 
focus our attention in this chapter on innovations that present promising models for 
addressing endemic and larger-scale civic violence that has the potential for becoming 
mass violence. We have identifi ed this focus, both to explore a specifi c aspect of the 
problem of urban violence and to suggest a new direction for further development of 
the fi eld, given the trends reviewed above that indicate that the risk of larger- scale 
civic violence in cities may be rising. 15  Our approach builds upon the argument of 
Beall, Rodgers, and Goodfellow, who themselves suggest that while cities have his-
torically been seen as critical elements in the process of political consolidation due to 
their concentration of economic and political power, they are increasingly becoming 
primary sites of state erosion across much of the developing world. 16  The passages 
below explore the political theory of confl icts and changing conceptions of the rela-
tionship between urbanization, politics, and violence, before focusing on theoretical 
concepts from work on civic confl icts and “collective effi cacy” to support a new 
direction for analysis developed in the case studies. 

 Why the change in the role of cities from bulwarks of political consolidation, as 
was the case in the development of Europe, to loci of political disintegration in 
today’s rapidly urbanizing countries? A critical difference, according to Beall and 
Fox, is that cities in the developing world, particularly in fragile regions, have had 
a tendency, due to patterns inherent in both colonialism and decolonization, to grow 
rapidly without the concurrent emergence of an industrial working class or an 

13   UN-HABITAT,  op cit ; see David Mayer,  Urbanization as a Fundamental Cause of Development , 
Centro de Investigación y Docencia Económicas, División de Economía (Mexico), 2010, for a 
recent study on the contribution of urbanization to development. 
14   Edward L. Glaeser and Bruce Sacerdote, “Why is There More Crime in Cities?”  NBER Working 
Paper , w5430, January 1996; Mayra Buvinić and Andrew R. Morrison, “Living in a More Violent 
World,”  Foreign Policy , 118 Spring 2000, pp. 58–72; Joseph L. Derdzinski,  Rapid Urban 
Settlement, Violence, and the Democratizing State: Toward an Understanding , United States Air 
Force Academy Institute for National Security Studies, 2006. 
15   Gizewski and Homer-Dixon,  op cit. 
16   Beall et al., 2011,  op cit. 
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autonomous urban capitalist class that can undergird the state. 17  A related factor is 
that this previously seen relationship between political authority and urban productive 
classes that supported nation-building is weaker today when political authorities are 
able to seek resources for state consolidation from external sources, in the form of 
not only foreign investment but also offi cial development assistance. Ironically, this 
externally-sourced fi nancing of the state can even serve to help the state quell gen-
erative political contestation that can advance nation-building. 18  This work builds 
on Beall’s observation that cities have historically been sites and sources of such 
generative political contestation, but today such confl ict can also turn violent due to 
various factors, ranging from the infl uence of international terrorism to the model of 
governments using violence against their own citizens. 19  In his own work, Rodgers 
similarly explores the political character of violence typically considered to be only 
“social,” such as violence among gangs and associated with organized crime. 20  

 As such, in defi ning the focus of our study, we borrow from Beall, Rodgers and 
Goodfellow’s exploration of the changing forms of violent confl ict in fragile set-
tings and especially how these forms of confl ict relate to cities in their useful frame-
work for categorizing confl ict. In their framework, they move past previous efforts 
to categorize confl ict as “political, social, or economic” or “interstate or intrastate” 
and instead classify confl ict as “sovereign,” “civil,” and “civic.”  Sovereign confl icts  
are those situations in which international actors are directly and explicitly involved, 
and thus the sovereignty of at least one state’s territory is challenged. While cities 
are involved in sovereign confl icts, because they are sites of political and economic 
power considered important to capture and control, this paper does not address this 
particular form of urban violence, as it tends to be extraordinary.  Civil confl icts , in 
comparison, are violent confl icts in which organized, non-state, military groups 
with political objectives for the territory and the ability to resist the state for a sustained 
period of time challenge the monopoly of violence typically held by the state. 21  

17   Jo Beall and Sean Fox,  Cities and Development,  Routledge (London), 2009. 
18   See Mick Moore, “Revenues, State Formation, and the Quality of Governance in Developing 
Countries,”  International Political Science Review , 25(3), 2004, pp. 297–319; Mick Moore, 
Democratic Governance and Poverty Reduction, Working Paper, University of Sussex Institute of 
Development Studies Centre for the Future State, 2004; Mick Moore, “Political Underdevelopment. 
What Causes Bad Governance?”  Public Management Review  3(3), 2001, pp. 385–418. 
19   See Jo Beall, Cities, Terrorism and Urban Wars of the 21st Century,  Crisis States Working Papers 
Series 2 , 9, February 2007, London School of Economics (London). 
20   See Dennis Rodgers, “Urban violence is not (necessarily) a way of life: towards a political economy 
of confl ict in cities,”  UNU-WIDER Working Paper  2010/20, March 2010 UNU-WIDER (Helskinki); 
Dennis Rodgers, “Slum Wars of the 21st Century: Gangs,  Mano Dura  and the New Urban Geography 
of Confl ict in Central America,”  Development and Change  40(5), September 2009, pp. 949–76; and 
Dennis Rodgers, “Slum Wars of the 21st Century: the new geography of confl ict in Central America,” 
 Crisis States Working Papers Series 2 , 10, February 2007 London School of Economics (London). 
21   This defi nition largely coincides with that of Melvin Small and J. David Singer from their  Resort 
to Arms: International and Civil War, 1816–1980 , 1982 Sage (Beverly Hills). See Richard 
Sambanis, “What is Civil War? Conceptual and Empirical Complexities of an Operational 
Defi nition,”  Journal of Confl ict Resolution  48(6), December 2004, pp. 814–58, for a recent discus-
sion of the debate over the methodology for distinguishing “civil wars” from other forms of orga-
nized, collective violence, particularly interstate and extrastate wars. 
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Beall, Rodgers, and Goodfellow further suggest that the relationship between civil 
confl ict and urban areas is more complicated. This complexity is due in part to a 
difference in tactics used, as parties in civil wars can undertake efforts to destabilize 
social and economic structures, generate fear among noncombatants, and even target 
particular groups of persons, such as ethnic/racial, religious, or political minorities. 22  
While cities have historically not been seen as central in civil confl ict, because rebel 
and minority groups tend to strategically militarize by basing themselves in rural 
areas or holding fast to their homelands outside of urban centers to avoid the reach 
of the state, Staniland offers a corrective to this interpretation in his identifi cation of 
several civil confl icts characterized primarily by urban insurgency. 23  

  Civic confl icts , in contrast to sovereign and civil confl icts, are  reactive  and  recurrent  
violent expressions of grievances—be they social, political, or economic—among 
citizens, individuals, and groups, including the state. These confl icts can range from 
spontaneous protests or communal riots to organized violent crime or gang warfare, 
and even to terrorism and intentional persecution of the state against its citizenry. 24  
Civic confl icts generally occur in cities, which offer physical and social characteris-
tics for mass mobilization, including high population density, diversity, and com-
pressed inequality, and are oftentimes spurred specifi cally by the state’s inadequacy 
in properly providing the infrastructure for security, growth, and welfare of urban 
populations. Civic confl icts can overlap with civil confl ict and even sovereign con-
fl ict; however, unlike these other confl icts, civic confl icts may be isolated expres-
sive events or connected by a sustained set of political demands, but they do not 
have goals of seizing or permanently altering formal structures of power. Because 
civic confl icts are thus less characterized by “indivisible” goals that require an “all 
or nothing” settlement, they are more amenable to resolution. 

 This defi nition of the subject of our study as civic violence also corresponds with 
the observation of the World Bank that current policy approaches that treat social, 
political, and economic violence separately can be found lacking in power, given that 
the lines between these different expressions of violence are blurry. 25  As such, in its 
study, the World Bank leans heavily on the theory of Robert Sampson, in which he 
proposes a theory of violence prevention as a product of “collective effi cacy” that 
is necessary for communities to maintain public order. According to Sampson, 

22   Jo Beall, Dennis Rodgers, and Tom Goodfellow, op cit, and Stathis Kalyvas,  The Logic of 
Violence in Civil War , Working Paper presented at the Laboratory in Comparative Ethnic Processes 
(LiCEP-1) at Duke University, March 2000. 
23   Paul Staniland, “Cities on Fire: Social Mobilization, State Policy and Urban Insurgency,” 
 Comparative Political Studies  43(12), December 2010, pp. 1623–49. 
24   Beall, Rodgers and Goodfellow,  op cit , emphasize the link with the state and the association with 
citizenship that leads them to use the term “civic confl ict” rather than social, economic, or political 
violence, although what we consider under the rubric of civic confl ict has also been described in 
these terms. 
25   World Bank Social Development Department Confl ict, Crime and Violence Team,  Violence 
in the City , The International Bank for Reconstruction and Development/The World Bank, 
April 2011. 
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 communities need more than networks and social ties to effectively maintain public 
order; collective effi cacy, defi ned as “social control enacted under conditions of 
social trust,” is itself a product of shared expectations for action with working trust. 
According to this theory, despite weak ties among community members, the exis-
tence of shared values and expectations can enable enough trust for the community 
to achieve common goals. Sampson’s “collective effi cacy” theory thus offers a more 
robust framework through which we can identify and understand the potential for 
innovative interventions to address civic violence. 

 Without relying on the theoretical conclusions of Beall, Rodgers, and Goodfellow or 
the World Bank and Sampson, we utilized their concepts of civic violence and collective 
effi cacy to guide both our selection of case studies and the lessons we draw from them. 
We turn now to reviewing these cases studies individually before pulling together 
common lessons and, in particular, restating our suggestions for further research in our 
conclusion. We begin fi rst with the case studies focused on city-level efforts to address 
endemic civic violence in Diadema, Brazil; Lagos, Nigeria; and Boston, USA, before 
moving on to the particularly contemporary example of civic violence associated with 
national elections in Kenya. Finally, we look to a case study focused on a particular 
methodology employed in multiple cities: Women’s Safety Audits.  

    Case Studies 

    Case 1: Diadema, Brazil 

 The city of Diadema, Brazil, rapidly grew in population between 1950 and 1980, 
making it the second most densely populated location in Brazil. By 1999, Diadema’s 
murder rates ranked among the highest in the world, reaching 141 per 100,000 per-
sons. As suggested in the 2007  Enhancing Urban Safety and Security :  Global 
Report on Human Settlements , this level of large-scale violence was signifi cant 
enough to culminate in near anarchy and a complete collapse of law and order. 26  
To address the high incidence of violence, the municipal government in Diadema 
enacted a multi-sectoral, mixed-model approach for violence reduction, including a 
cost-effective preventive measure restricting alcohol sales. This approach presents a 
useful model for cities experiencing high rates of crime, particularly due to its 
emphasis on local actors, risk factors, and prevention policies. 

 A diverse group of political actors in Diadema, including the mayor, city council, 
military and police chiefs, businesses, and religious and community leaders, created 
a holistic approach to intervene and prevent violence. 27  The monthly town meetings 

26   UN-HABITAT,  Global Report on Human Settlements 2007 ,  op cit. , p. 94. 
27   World Bank Poverty Reduction and Economic Management Sector Unit Latin America and the 
Caribbean Region,  Crime, Violence, and Economic Development in Brazil: Elements for Effective 
Public Policy , The International Bank for Reconstruction and Development/The World Bank, June 
2006, p. 58. 
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resulted in a strategy with security, health, education, and urban development policy 
implications. 28  While the variety of policy interventions resulted in a mixed-model 
approach, a simple yet signifi cant element of the strategy was the “Last Call” law 
that closed bars in Diadema between 11:00 pm and 6:00 am. The law was motivated 
by the municipal government’s tracking of violence, which revealed that two of 
every three homicides in Diadema were alcohol related and that nearly the same 
proportion occurred between these hours. 29  Prior to its implementation, public edu-
cation programs and alcohol retailer education occurred, garnering public support 
for the policies. After implementation, the municipal national guard and the state 
police forces partnered to engage in daily monitoring to ensure compliance and 
enforcement. This rather simple adjustment of policy alone contributed to a reduc-
tion in the number of homicides by more than 100 per year. 30  

 It is important to note that the multi-sectoral strategy came into fruition during a 
period of slum reurbanization, which began in 1983 to address poor health and edu-
cation systems and infrastructure. 31  The municipal government in Diadema imple-
mented the “Last Call” law after the overall trends in violence began decreasing 
after 1999, and thus, while its impact is a factor, the law should be considered in the 
context of other interventions. 32  Additionally, demographic shifts in Brazil over 
time are another important factor in the decrease in homicide rates. 

 Nonetheless, the case of Diadema demonstrates one essential factor to consider in 
the construction of public health approaches to urban violent crime: local govern-
ments are best equipped to evaluate the protection and risk factors in their communi-
ties. While resource scarcity may present challenges to the creation of prevention 
policies at the municipal level, political resistance can be overcome through the imple-
mentation of preventive policies that have short-term results, such as the model 
adopted in Diadema. 33  Prevention measures are less costly than reactive interventions 
and can lead to both short- and long-term goals in violence prevention. The case of 
Diadema demonstrates both how a multi-sectoral, integrated response can diminish 
violence, and how one particular policy applied in the appropriate context can lead to 
great strides in violence reduction and prevention. Diadema also presents an opportu-
nity for researchers to revisit and renew data collection and monitoring efforts while 

28   Shelley de Botton, “Diadema’s historic plunging homicide rate, when government and civil soci-
ety join forces,” Comunidad Segura ( www.comunidadsegura.org ), October 10, 2006. 
29   Sergio Duailibi, et al., “The Effect of Restricting Opening Hours,”  American Journal of Public 
Health  97:12, December 2007. 
30   Ibid. 
31   Jose de Felipi, “Diadema, SP, Brazil: Housing, Urban Design, and Citizenship,”  ReVista: 
Harvard Review of Latin America , Spring/Summer 2010. 
32   Joao M. De Mello and Alexandre Schneider, “Assessing São Paulo’s Large Drop in Homicides: 
The Role of Demography and Policy Interventions” in Rafael Di Tella et al.,  The Economics of 
Crime: Lessons for and from Latin America , University of Chicago Press (Chicago), 2010, p. 209. 
33   World Bank Confl ict, Crime, and Violence Team,  Violence in the City: Understanding and 
Supporting Community Responses to Urban Violence,  April 2011; World Bank Poverty Reduction 
and Economic Management Sector Unit Latin America and the Caribbean Region,  op cit , p. 62. 
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further evaluating the complex causal relationships between reurbanization, 
demographic shifts, and levels of large-scale collective violence, as well as the inter-
ventions undertaken to address them.  

    Case 2: Lagos, Nigeria 

 Lagos, Nigeria, has sustained high growth in population, recently becoming the 
largest “megacity” in Africa. 34  However, the city was marked not just by a high level 
of violence but also by a breakdown in social trust in part due to the perceived inad-
equacy of police responses to crime. 35  In 1999, the newly reinstituted civilian gov-
ernment began to create reforms to diminish crime rates and increase perceived 
citizen security. 36  Within these reforms, public-private partnerships were created to 
fund the security sector and improve relations between civilians and police forces. 
While the confl uence of reforms is responsible for the period of reduced crime rates, 
the approach in Lagos demonstrates the utility of public-private partnerships in rapidly 
urbanizing cities to improve and expand access to funds. 

 In Lagos, rapid urbanization has weakened infrastructure and contributed to 
larger resource defi cits. 37  Furthermore, inequality within the civilian population has 
led to an “architecture of fear” that causes the wealthy to create elaborate security 
buffers, leading to the fragmentation of public space. 38  A 2004 survey of Lagos 
indicated that sixty-nine percent of respondents feared being victims of crimes, with 
eighty-nine percent of these respondents suggesting they feared in particular the 
loss of their own lives. 39  Indeed, in the fi rst 5 years following the implementation of 
reforms, perceived rates of crime remained high. 40  To address the pervasive effect of 
large-scale violence on social trust, the Lagos state government began a multifaceted 

34   John Campbell, “This is Africa’s New Biggest City: Lagos, Nigeria, Population 21 Million,” 
 The Atlantic , July 10, 2012. 
35   Fola Arthur-Worrey and Innocent Chukwuma, “The Lagos State Crime and Safety Survey, 
Challenges and Outcome” in Margaret Shaw and Vivien Carli (eds),  Practical Approaches to 
Urban Crime Prevention: Proceeding of the Workshop held at the 12th UN Congress on Crime 
Prevention and Criminal Justice, Salvador, Brazil, April 12–19, 2010 , pp. 51–58. 
36   Michael O. Filani,  A City in Transition: Vision, Reform, and Growth in Lagos, Nigeria , unpub-
lished monograph, nd (ca 2010–2011), p. 64. 
37   Arthur-Worrey and Innocent Chukwuma,  op cit , p. 51. 
38   Tunde Agbola,  The Architecture of Fear: Urban Design and Construction Response to Urban 
Violence in Lagos, Nigeria , Institut français de recherche en Afrique, 1997, accessed in June 2013 
via OpenEdition Books at  http://books.openedition.org/ifra/485 
39   E.O. Alemika and I.C. Chukwuma (2005)  Criminal Victimization and Fear of Crime in Lagos 
Metropolis, Nigeria,  Cleen Foundations Monograph Series No. 1, accessed in June 2013 at  http://
www.cleen.org/LAGOS%20CRIME%20SURVEY.pdf 
40   44 % of survey respondents answered that crime had increased between 1999 and 2004, while 
38 % answered that it had decreased. Source: Alemika and Chukwuma,  op cit , p. 23. 
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approach that included security and safety reforms, social and environmental 
development, and government-community dialogue. 

 Interventions to improve security in Lagos include the creation of a central security 
surveillance system and an emergency call center, the expansion of the state’s Rapid 
Response Squad, and the amplifi cation of complementary community security outfi ts 
and a community security assembly. 41  Within the context of these initiatives, a state 
security committee gave its recommendations to the government, indicating that 
defi cient resources greatly inhibited police forces in decreasing rates of crime. 42  

 To address the concern of underfunded security forces, one important initiative was 
the creation of the Lagos State Security Trust Fund (LSSTF) in 2007. The LSSTF 
mobilizes resources from the government, private sector, and citizens to sustain and 
improve security operations in Lagos. In its fi rst 2 years alone, the LSSTF raised 
twenty-seven million US dollars in voluntary contributions to direct to efforts includ-
ing the provision of direct support to security forces in the form of equipment sup-
plies; training and development for local patrolling capacity; and underwriting 
community assemblies and town hall meetings to foster constrictive interaction 
between security forces and Lagos residents. 43  In the years immediately following the 
creation of LSSTF, reported rates of both murder and armed robbery incidents fell and 
perceived rates of crime decreased. 44  ,  45  Though crime rates have recently increased 
again in Lagos, the relative peaceful state experienced for multiple consecutive years 
after reforms were implemented indicates that providing resources for security forces 
contributed to quelled crime and violence. 46  

 It is clear that rapidly urbanizing cities will need to improve and expand security 
forces to maintain citizen safety and security, while struggling to attain available 
funds. By adopting innovative funding models similar to the Lagos State Security 
Fund, governments can gain access to more resources for more effective security 
forces to decrease violence, while realizing better resource management, greater 
transparency, and improved accountability. Furthermore, the Lagos public-private 
partnership model should also be considered for areas outside of security. As rapid 
urbanization continues, an increasing population will need to rely on proper infra-
structure and government institutions with limited resources. In this way, the Lagos 
model for public-private partnerships to fund government entities should be imple-
mented to better provide for citizens of growing cities in other areas of governance 
that will become increasingly important due to rapid urbanization.  

41   Filani,  op cit , pp. 64–5. 
42   Lagos State Security Trust Fund, “About us…”  Lagos State Security Trust Fund  website accessed 
in June 2013 at  http://www.lagosstatesecuritytrustfund.org/profi le 
43   Arthur-Worrey and Innocent Chukwuma,  op cit , pp. 51–3. 
44   Arthur-Worrey and Innocent Chukwuma,  op cit , p. 57, and Alemika and Omotosho,  op cit , p. 47. 
45   Arthur-Worrey and Innocent Chukwuma,  op cit , p. 57. 
46   Arthur-Worrey and Innocent Chukwuma,  op cit , p. 58; and Comfort Oseghale. “Mixed Feelings 
in Lagos Over Crime Rate,”  Punch Magazine  (Nigeria), July 14, 2012, accessed in June 2013 at 
 http://www.punchng.com/feature/crime-digest/mixed-feelings-in-lagos-over-crime-rate/ 
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    Case #3: Boston, USA 

 Although not applied in a rapidly urbanizing location, Operation Cease Fire, the 
problem-oriented policing model applied in Boston from 1996–1999, provides an 
example of an innovative midterm approach for addressing violence in the city. 47  In 
the midst of the crack cocaine epidemic and more lucrative trade for Boston gangs, 
youth homicide rates in Boston increased sharply, with homicide victimization rates 
doubling for young white males and tripling for young black males between 1987 
and 1990. 48  The Cease Fire model combines data analysis, centralization and coor-
dination of enforcement responses, and innovative communication practices to 
reduce youth homicides resulting from gang violence. In Boston, the program 
reduced youth homicides by two-thirds over a 4-year period. 49  

 At the suggestion of a group of criminologists, a working group was formed with 
assistance from the Boston Police Department’s (BPD) gang unit that included 
members from across a wide swath of government agencies. The working group 
served as a centralizing body to direct, not simply coordinate, enforcement action 
toward reducing lethal violence by and against youth. Academics in the group con-
ducted research and analysis that enabled development of an enforcement approach 
specifi c to the communities, types of weapons, agents of violence, and victims of vio-
lence. Four key fi ndings arose from the analysis: First, a geographic mapping of homi-
cides narrowed problem areas. Second, clear data on the source and types of guns used 
in the homicides was collected. Third, analysis showed that a majority of the youth 
offenders had been arraigned at least once in the past, and a signifi cant portion had 
been in social services, on probation, or previously on probation. Fourth, the vio-
lence was highly concentrated among gang members. Three percent of the youth in 
the problem neighborhoods were in gangs, but they accounted for 60 % of the youth 
homicides. 50  This analysis challenged some previously held assumptions and 

47   Michael S. Scott, “Problem-Oriented Policing: Refl ections on the First 20 Years.” Offi ce of 
Community-Oriented Policing Services, U.S. Department of Justice. October 2000. Problem-
oriented policing is a framework developed by Herman Goldstein that calls upon police to address 
the underlying conditions of problems and then address them with a broader tool set than tradition-
ally applied, specifi cally to apply a community-oriented approach that considers methods beyond 
improving normal enforcement and procedural tools to expanding resources and networks to 
addressing a specifi c problem. 
48   Anthony Braga, et al., “Reducing Gun Violence: The Boston Gun Project’s Operation Ceasefi re.” 
U.S. Department of Justice Offi ce of Justice Programs/National Institute of Justice, NCJ 188741, 
September 2001. According to Braga, et al., minority of men suffered in particular due to a com-
bination of stressors including street drug activity, structural social and economic diffi culties, and 
a concentration of violence in their communities. 
49   Boston Police Department, “Operation Cease Fire: Deterring Youth Firearm Violence,” 
Submission for the Herman Goldstein Award, Center for Problem–Oriented Policing website, 
accessed in June 2013 at  http://www.popcenter.org/library/awards/goldstein/1998/98-08(W).pdf 
50   Anthony Braga, et al., “Problem-Oriented Policing, Deterrence, and Youth Violence: An 
Evaluation of Boston’s Operation Ceasefi re,”  Journal of Research in Crime and Delinquency  38:3, 
August 2001, p. 196. 
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reinforced others, allowing for more effective design of the program than one based 
on existing conventional logic. 

 Though a crackdown on gun traffi cking was included as part of the program, the 
bulk of the enforcement operation was the “pulling levers” strategy, developed to 
greatly increase the costs of violence to gangs. The strategy was implemented by 
applying a response that was “certain, rapid, and whatever range of severity the 
working group felt appropriate” only to the gangs that committed violence. If a gang 
engaged in violence, the working group would, within days, organize a crackdown 
on that gang’s activities by calling in outstanding warrants, disrupting drug activity, 
imposing stricter parole and probation arrangements, and bringing in federal author-
ities, thereby increasing the costs of business for that specifi c gang. 51  

 The innovation of direct communication of the working group to the gangs is 
credited with the success of the program. The working group communicated via 
“forums,” wherein known gang members with probation or parole obligations were 
forced to attend. Here the working group laid out expectations, provided explana-
tions of why certain gangs were targeted, provided handouts, and made the cause and 
effect mechanism explicitly clear: that the enforcement was a penalty directly tied to 
engagement in violence. The forums were reinforced through one-on-one communi-
cation of social service workers, beat cops, and parole offi cers to identifi ed youth and 
their families. This message to stop the violence was also greatly supported by black 
churches in coordination with the operation. 52  

 This communications project amplifi ed the power of the agencies. Constrained 
by resources, the operation could only organize a crackdown on a few gangs at any 
given time. By leveraging credible threat and community legitimacy, the deterrence 
capabilities never had to be tested on a major scale. 

 The importance of the communication channels is evidenced by the resurgence of 
violence in the early 2000s. When the operation ceased, violence resurged in familiar 
gun violence “hot spots.” 53  A shifting of personnel led to a discontinuation of the 
communication program, signaling the end of the operation. 54  This led to fraying of 
community contacts, in particular with the churches. Once rates of youth violence 
grew again, a broad and un-targeted application of police presence in communities 
exacerbated the strained relations with communities, and a subsequent weakening of 
police legitimacy followed. 55  

 This case shows that partnership between academics and law enforcement 
offi cials directed at solving a specifi c problem is a viable undertaking. Furthermore, 
the Boston case presents an opportunity for researchers to explore data collection 

51   Boston Police Department, p. 5. 
52   Anthony Braga et al., “Losing Faith? Police, Black Churches, and the Resurgence of Youth 
Violence in Boston,”  Ohio State Journal of Criminal Law , Vol. 6, Fall 2008, p. 141, 136. 
53   Michael Buerger et al., “Hot Spots of Predatory Crime: Routine Activities and the Criminology 
of Place,”  Criminology , 27: 1, February 1989, pp. 27–56. 
54   Esther Scott, “Revisiting Gang Violence in Boston,” Kennedy School of Government Case 
#1887.0, 2007, p. 20. 
55   Braga et al. (2008),  op cit. , p. 185. 
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methods surrounding causal links between large-scale collective violence and 
 interventions involving partnership between academics and law enforcement offi cials, 
which in turn may provoke innovative methods for future evaluation from empirical 
perspectives. Additionally, clear, direct communication of law enforcement goals 
through various and coordinated channels can provide needed leverage when 
resources are limited to prevent gangs from engaging in outright violence.  

    Case #4: Nairobi, Kenya 

 The violence that followed the 2007 presidential election crisis in Kenya was 
concentrated largely in Nairobi and other urban environments, and is one of the 
most vivid examples of civic violence in recent global memory. More than one 
thousand persons were killed in the violence, with an estimated six hundred thou-
sand additional persons displaced from their homes and communities. The shadow 
of the violence was so large that as the 2013 presidential elections neared, concerns 
about a recurrence of such violence—and potentially even worse violence—were 
high, not only in Kenya but across the globe. This concern, however, was matched, 
and arguably even surpassed, by widespread efforts, particularly by civil society 
actors, to innovate effective means by which to prevent such violence. 

 The confl ict centered on allegations of electoral manipulation by incumbent 
President Mwai Kibaki by his opponent Raila Odinga. The violence fell largely along 
ethnic divides, with acute effects of the violence in impoverished regions. Early efforts 
at mediation failed and protests began to increase in intensity, frequency, and atten-
dance. Eventually, a mediation led by UN Secretary General Kofi  Annan developed a 
tenuous power-sharing agreement called the National Accord and Reconciliation Act, 
establishing an offi ce of Prime Minister and creating a coalition government. Kibaki 
retained his presidency and Odinga became the new Prime Minister. 

 The violence that emerged in Kenya after the elections was not solely the result of 
perceived vote rigging, but refl ected a deeper malaise within the population; wide-
spread unemployment (especially among the youth), the lack of ability to vote for a 
large percentage of the population (only 69 % of eligible voters were registered to vote), 
and public frustration with the government set the stage for the crisis. Ethnic tension 
was another factor; the Council on Foreign Relations indicates that the country is 
divided among 5 ethnic groups. Much support for the incumbent Kibaki was drawn 
from the Kikuya, which is the largest ethnic group. Given the ethnic divisions, it is 
perhaps unsurprising that the largest contributing factor to the violence has been 
identifi ed as the caustic rhetoric of the politicians themselves, disseminated via 
mobile phones (especially text messages). Additional methods of dissemination 
included more public mediums, such as ethnic radio talk shows. It is important to 
note that for Kenyans, these are the two dominant forms of mass communication. 56  

56   Joel D. Barkan, “Electoral Violence in Kenya, Contingency Planning Memorandum No. 17,” 
 Council on Foreign Relations , January 2013. 
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Radio broadcasts are easy to monitor and shut down; mobile phone communication, 
on the other hand, represents a serious challenge of control. Unless monitors have 
access and control to the network itself, monitoring becomes an impossible task. Not 
to be overlooked is the manner of the violence itself, which was characterized by its 
brutality; much of the violence was undertaken with crude weapons, such as 
machetes, clubs, and even bows and arrows. 57  ,  58  The police force in Kenya was (and 
still is) ill-equipped in personnel and training to deal with the level of unrest that fol-
lowed the 2007 elections, and it lacks legitimacy as a separate civil service entity. 
Criminal gangs, which sensed opportunity in the unrest, were noted to have taken 
advantage of the confusion to commit crimes and killings unrelated to the politics of 
the crisis. 59  

 In the face of these challenges, a new Kenyan constitution and various structural 
reforms have been adopted to address the threat of election-related violence. 60  A ban 
on hate speech is now in place, with broadcasters held responsible for the propagation 
of any such messages and all radio stations equipped with technology to broadcast on 
delay so that hate speech can be identifi ed and blocked. Structural reforms to the elec-
tion itself may also play a role in mitigating violence related to a two- candidate runoff 
situation. A complex election system has created roles for 384 members of a new 
legislature, including 47 governors. In addition, introduction of a new county system 
of subnational government structures might serve to mitigate ethnic violence by 
changing the nature of representation within the election process for different groups. 

 Structural top-down changes were necessary. However, bottom-up, unique, and 
innovative responses to the crisis are particularly encouraging, because they seek to 
involve greater swaths of the population. The most celebrated of these responses has 
been a new form of mobile crowd-sourcing technology from the nonprofi t Ushahidi. 
The technology creates citizen reporters out of those who have mobile devices and 
allows them to report intimidation or crimes anonymously. The data is directly 
uploaded to a virtual map, where authorities, civil service organizations, and inter-
national watchdog groups can witness and monitor what is happening and where. 
Ushahidi (“testimony” in Swahili) has also launched a new project specifi c to the 
2013 elections called Uchaguzi (“elections”). The service has been specifi cally 
tailored to enable citizens to monitor the electoral process and includes categories 
for hate speech and polling clerk bias. 61  Uchaguzi is different from Ushahidi in that 
it will include a verifi cation process (utilizing over 200 volunteers) before sending 

57   Gray Phombeah, “Can Kenya avoid election bloodshed?”  BBC News  online ( www.bbcnews.co.
uk ), October 16, 2012, accessed in June 2013 at  http://www.bbc.co.uk/news/world-africa-19948429 
58   Ryan Cummings, “Kenya’s 2013 election: Will History Repeat Itself?”  Think Africa Press  online 
( www.thinkafricapress.com ), November 8, 2012, accessed in May 2013 at  http://thinkafricapress.
com/kenya/projections-upcoming-2013-elections 
59   Joel D. Barkan,  op cit. 
60   Ibid. 
61   Sara Jerving, “Can Technology and ‘Testimony’ Prevent Violence in Kenyan Elections?” 
 TechPresident /Personal Democracy Media ( www.techpresident.com ), February 6, 2013. 
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the reports to electoral authorities or security personnel on the ground to respond. 
This technology’s innovation is twofold: one is its aggregation of user responses 
into a single, discernible resource available to all, and the other is its increasing 
social leverage to scale with the penetration of mobile devices. In 2007, Kenya had 
8 million mobile phone subscribers; today they boast a subscriber base of over 30 
million. 62  These numbers do not just indicate the penetration of devices but also how 
ubiquitous those devices are to the daily lives of Kenyans. The creation of a system 
for reporting voter fraud and criminal activity so closely tied to everyday experience 
takes full advantage of the technology available to people and organizations wishing 
to avoid confl ict. Of particularly interesting note here is the level of outreach that 
Uchaguzi has been pursuing with civil service organizations, radio stations, marketing 
campaigns, street graffi ti, and comic books to educate the populace on how to use 
the technology. 

 In addition to technology monitoring instances of corruption or violence on the 
ground, Ushahidi has also created Umati, a digital language fi lter designed to sift 
through social media, blogs, and comment sections to identify and report hate 
speech. 63  The Kenyan Ministry of Information and Communication seems to be in 
close partnership with the Umati project, announcing stiff fi nancial penalties and 
imprisonment for hate speech. Interestingly enough, the KMIC reached out to 
Internet service providers (ISPs) in the country to warn them that they would be 
held accountable for violations of the hate speech law. This model of government 
control over the ISPs seems to be inherited from the United States, which has similar 
laws regarding violations. 

 In Kenya, innovation in reporting has been coupled with innovation in networking, 
consensus building, and information delivery. The development of online spaces like 
SODNET (Social Development Network) or Google’s Kenya Elections Hub estab-
lished places for local groups or causes to facilitate conversation and action related 
to political issues. 64  However, not all initiatives are based on technology: the most 
successful persuasion is person-to-person, undertaken by projects like the Alternatives 
to Violence Project taking place in Kapyemit (a hot spot of  postelection violence), 
which trains members of communities across Kenya to promote a peaceful election 
process and become citizen reporters. 

 Given the relative absence of violence during and following the 2013 elections, 
it is diffi cult to deny that these various innovations had some effect. This seeming 
success, however, does not actually demonstrate the effectiveness of these programs 

62   Ibid. 
63   Ibid. 
64   Dave Mayers, “Kenyans use technology to help avoid electoral violence,”  Smart Planet  online 
( www.smartplanetcom ), January 22, 2013, accessed in May 2013 at  http://www.smartplanet.com/
blog/global-observer/kenyans-use-technology-to-help-avoid-electoral-violence/8851 ; Fred Oluoch. 
“Kenya on the Spot for Not Abiding by AU Rules,”  The East African Online  (Nairobi, Kenya), July 
12, 2010, accessed in May 2013 at  http://www.theeastafrican.co.ke/news/Kenya-on-the-spot-for-not-
abiding-by-AU-rules/-/2558/955838/-/8i7ppd/-/index.html 
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or indicate their transferability to other settings. For this to be done, more careful 
evaluation is still needed, as well as more detailed documentation of good practices 
stemming from the considerable efforts undertaken. The case remains an area for 
researchers to evaluate from empirical perspectives, potentially utilizing data out-
puts from the technologies employed to prevent violence, to elaborate our knowl-
edge of important causal relationships between urbanization and such large-scale 
civic violence. Nevertheless, it is undeniable that the spectrum of efforts undertaken 
to prevent the recurrence of widespread civic violence around the elections offers an 
effective model for policymakers addressing similar risks of civic violence.  

    Case #5: Khayelitsha, South Africa 

 Urban upgrading as a mechanism for violence prevention centers on social, situational, 
and institutional crime prevention. Combining community engagement, enhance-
ment of the physical and spatial environment, and the improvement of local gover-
nance, 65  urban upgrading has been looked to as a critical approach to addressing the 
risk of violent crime in communities characterized by endemic crime and in particu-
lar a propensity for violent crime, ranging from San Salvador, El Salvador, and 
Bogota, Colombia, to Cape Town, South Africa. In El Salvador, a nongovernmental 
organization has implemented slum rehabilitation programs, which focus on improv-
ing local self-help and cooperation potential. Projects target specifi c neighborhoods 
and include assisting families with understanding land tenure legislation and credit 
schemes or focusing on refurbishment of community space. In Colombia, the cre-
ation of municipal infrastructure for preventive work with youth has provided an 
alternative to criminal activity. And in South Africa, the City of Cape Town, with the 
support of the German Federal Ministry for Economic Cooperation and Development, 
launched in 2006 a $55.6 million development program to comprehensively pursue 
violence prevention through urban upgrading. Each of these projects illustrates the 
importance of innovating public space in urban environments for the mitigation of 
violence, through improving general living and housing conditions, building the 
capacities of local governments, and emphasizing the importance of local stakeholders 
to development, including enabling marginalized communities to engage in self-help 
programs. 

 Looking more carefully at the case of Khayelitsha, South Africa, violence prevention 
through urban upgrading is considered to be a meaningful factor in decreasing vio-
lent crime rates. The urban upgrading program came at a crucial juncture during 

65   Bettina Bauer,  Violence Prevention Through Urban Upgrading: Experiences from Financial 
Cooperation , Kf W Bankengruppe, Frankfurt, March 2010. 
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which 430 murders were committed in Khayelitsha from April 2006 to March 2007. 
This resulted in a murder rate of 106 incidents per 100,000 people, more than two 
and a half times the South African average of 41 murders per 100,000 people, which 
was already twenty times the murder rate of Western Europe. 66  Therefore, Khayelitsha 
faced very signifi cant levels of civic violence at the outset of its urban upgrading 
projects. Since the inception of the urban upgrading program in 2006, police statis-
tics identifi ed a decrease in overall crime by two-thirds from 2004–2010, to the 
extent that one Cape Town news outlet declared the township had transformed from 
“Rape Capital to Safe Capital.” 67  

 Refl ecting these notable achievements in the reduction of crime and particularly 
violence, the Violence Prevention Through Urban Upgrading (VPUU) program was 
initiated in 2006 to address the high rates of violent crime in Khayelitsha. Of par-
ticular concern were social and environmental risk factors, such as high rates of 
poverty and unemployment resulting in part from the unanticipated and rapid 
growth of the township, which was originally planned to house 250,000 residents 
when established in 1983 but grew to nearly 1.5 million residents by the early 
2000s. 68  ,  69  Violence prevention in South Africa has had a unique recent history. 
While the efforts to address crime and violence in South Africa have been similar to 
those of other countries, policies were retarded by the country’s apartheid-related 
isolation until 1994. Correspondingly, crime rates rose dramatically in South Africa 
from 1985 until 1994, after which they stabilized. However, homicide accounted for 
nearly half of all nonnatural deaths (46 %), and gun violence was the leading cause 
of nonnatural death in the age group 15–65 years. 70  It should be noted that although 
these statistics are shocking, they fail to show the marked disparities that continue 

66   Ndodana Nleya and Lisa Thompson, “Survey Methodology in Violence-prone Khayelitsha, 
Cape Town, South Africa,”  IDS Bulletin  22:3, May 2009, p. 53. 
67   Fadela Slamdien, “Crime in Khayelitsha for April to March 2003/2004–2011–2012” and “From 
Rape Capital to Safe Capital.”  West Cape News . May 17, 2010, accessed in May 2013 at  http://
westcapenews.com/?p=1456 
68   “Crime in Khayelitsha for April to March 2003/2004–2011–2012.”  Crime Research and Statistics—
South African Police Service  accessed in June 2013 at  http://www.saps.gov.za/statistics/reports/
crimestats/2012/provinces/w_cape/pdf/khayelitsha.pdf ; Frank Bliss and Luise Zagst, “Investing in 
People: Violence Prevention and Empowerment through Urban Upgrading in the Township of 
Khayelitsha South Africa,” KfW Development Bank (Urban Upgrading in South Africa (BMZ/KfW) 
POVNET Task Team on Empowerment), 2011, accessed in June 2013 at  https://www.kfw-entwick-
lungsbank.de/migration/Entwicklungsbank-Startseite/Entwicklungsfi nanzierung/L%C3%A4nder-und-
Programme/Subsahara-Afrika/S%C3%BCdafrika/Storyline-Khayelitsha.pdf 
69   Khayelitsha Community Trust, “Khayelitsha,” Khayelitsha Community Trust website, accessed 
in February 2013 at  http://www.kctrust.org/about-us/khayelitsha/ 
70   Alexander Butchart,  A Profi le of Fatal Injuries in South Africa 1999: First Annual Report of the 
NIMSS , National Injury Mortality Surveillance System (NIMSS), Cape Town, South Africa, 
November 2000. 
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to characterize crime in South African society. Those most vulnerable to crime are 
the poorer sectors of society, which are still predominantly black. 71  ,  72  

 Central to the VPUU project are the principles of surveillance and visibility, 
territoriality, defi ned access and movement, image and aesthetics, physical barriers, 
and maintenance and management. Each of these principles applies to the creation 
and maintenance of community-owned public space, which is designed to improve 
the Khayelitsha urban environment. The VPUU project emphasizes monitoring and 
evaluation, which began well before a formal program was established. In 2001, a 
pre-feasibility study was conducted to identify possible settlement upgrading proj-
ects for crime prevention. In 2006, baseline, business, and household surveys were 
conducted for monitoring and evaluation of the VPUU program. To track develop-
ments, photographic change detection and crime maps were created in 2007 and 
have been updated throughout the project. 

71   In her analysis, Palmery cites both the South African Department of Safety and Security’s  In Service 
of Safety: White Paper on Safety and Security 1999–2004 , 1998 Government of South Africa 
(Pretoria), and Alexander Butchart’s  A Profi le of Fatal Injuries in South Africa 1999 . 1999 
A. Butchart (Cape Town). Regarding the unequal concentration of crime in South Africa, Palmery 
refers to the South African Government’s White Paper on Safety and Security 1999–2004, noting 
that during the apartheid era, the system of policing strongly focused on political control rather 
than on crime prevention, with the role of the police being minimal even in formerly “white” areas 
in which 74 % of police stations were located. Palmery further cites the South African Government’s 
 National Crime Prevention Strategy  for the year 1996 in noting that this legacy led to various chal-
lenges in implementing new approaches to crime prevention even after apartheid, including lim-
ited accountability for dealing with local communities’ safety priorities, collaboration with other 
departments or organizations, and monitoring and research of crime and capacity for an informa-
tion-based approach to crime prevention, all contributing to a generally poor understanding of and 
capacity for identifying effective strategy for crime  prevention , especially those incorporating and 
social crime prevention. 
72   Ingrid Palmery,  Social Crime Prevention in South Africa’s Major Cities , City Safety Project at the 
Centre for the Study of Violence and Reconciliation (South Africa), June 2001. In her analysis, 
Palmery cites both the South African Department of Safety and Security’s  In Service of Safety: 
White Paper on Safety and Security 1999–2004 , Government of South Africa (Pretoria), 1998, and 
Alexander Butchart’s  A Profi le of Fatal Injuries in South Africa 1999. A Profi le of Fatal Injuries in 
South Africa 1999: First Annual Report of the NIMSS , National Injury Mortality Surveillance 
System (NIMSS), Cape Town, South Africa, November 2000. Regarding the unequal concentration 
of crime in South Africa, Palmery refers to the South African Government’s White Paper on Safety 
and Security 1999–2004, noting that during the apartheid era, the system of policing strongly 
focused on political control rather than on crime prevention, with the role of the police being mini-
mal even in formerly “white” areas in which 74 % of police stations were located. Palmery further 
cites the South African Government’s  National Crime Prevention Strategy  for the year 1996 in not-
ing that this legacy led to various challenges in implementing new approaches to crime prevention 
even after apartheid, including limited accountability for dealing with local communities’ safety 
priorities, collaboration with other departments or organizations, and monitoring and research of 
crime and capacity for an information-based approach to crime prevention, all contributing to a 
generally poor understanding of and capacity for identifying effective strategy for crime  prevention , 
especially those incorporating and social crime prevention. 
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 One key element of the VPUU project is the creation of safe area nodes. 
Community members, through a lengthy consultation process combining workshops 
and public meetings, decided the specifi c elements of each safe area node based on 
community needs. 73  This consultation process took 3 years, and in 2009 the fi rst safe 
area nodes were constructed. These nodes are multiuse public spaces, designed to 
cater to 50,000 people. The use of public space is designed based on community 
needs (for use as youth centers, sports centers, or trading). Live-work units have also 
been installed, to provide previously informal trading a space for work. Additionally, 
the safe area nodes have Active Boxes, which are well-lit buildings with a 24-hour 
caretaker, located in areas that were previously “crime hot spots.” 

 Khayelitsha is therefore a notable case for policymakers and researchers. The broad 
engagement of the VPUU project with the physical urban environment represents a 
striking innovation to address large-scale civic violence. Additionally, the VPUU 
project’s emphasis on monitoring and evaluation should provide a rich basis for research-
ers to more carefully evaluate the case empirically and for policymakers to catalogue 
good practices arising from the intervention. Most importantly, innovative community 
engagements that informed efforts to reshape the physical environment of Khayelitsha 
seemed to have a positive effect on building a larger sense of social trust and collective 
effi cacy, ultimately reducing violence in the period highlighted.  

    Case #6: Women’s Safety Audits (Various Cities) 

 Safety audits, in which citizens are consulted to identify issues that make them feel 
unsafe, are a component of various urban upgrading efforts. An innovative approach 
to this type of effort that has been replicated globally with recognized success is the 
use of safety audits undertaken specifi cally by women. In these cases, the mechan-
ics are relatively straightforward yet fl exible: “using a checklist, a group of women 
users of a particular urban or community space walk around that space, noting fac-
tors that make those users feel unsafe or safe in that space.” 74  In fact, Women’s 
Safety Audits were identifi ed in the 2007 Global Assessment on Women’s Safety 
as the most frequently used international tool to address women’s security. 75  

 First developed in Canada following the recommendations of a 1989 report on 
violence against women, the Women’s Safety Audit approach has further been 
developed by UN-HABITAT and others in various communities across the 
globe—from Cote d’Ivoire, Kenya, South Africa, and Tanzania to India and even 

73   Violence Prevention Through Urban Upgrading in Khayelitsha, “Community Participation.” 
Violence Prevention Through Urban Upgrading in Khayelitsha (Cape Town, South Africa) web-
site, accessed in February 2013 at  http://www.vpuu.org.za/page.php?page=8 
74   Carolyn Whitzman et al., “The effectiveness of women’s safety audits,”  Security Journal  22:3, 
July 2009, p. 206. 
75   Women in Cities International,  Women’s Safety Audits: What Works and Where? , UN-Habitat 
Safer Cities Programme (Nairobi, Kenya), 2008. 
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Poland and the United Kingdom. 76  These audits help to address the gendered 
experiences of violence. It is well known that men are the victims of fatal violence 
more, at roughly twice the rates for women. Men are also responsible for commit-
ting the majority of violent crimes. However, men are only slightly less likely than 
women to be victimized by nonfatal violence. 77  As such, Women’s Safety Audits 
can help users and decision-makers to understand how men and women experience 
the urban environment in different manners and to fi ll the gap between attention to 
lethal violence and endemic violence more broadly. Similarly, Women’s Safety 
Audits are tools that can increase awareness of violence against vulnerable groups 
more generally. These are valuable outcomes in themselves, but are also critical to 
reducing the risk of lethal violence, given the ever-worsening spiral that can result 
from endemic violence. Lastly, the nature of these audits is such that they can be 
readily tailored to local contexts, as highlighted by Women in Cities International 
and UN-HABITAT in their review of the effectiveness of these audits across the 
world, and exemplifi ed in the diversity of cases analyzed by Whitzman et al. in their 
case studies of selected audit efforts in Africa, Asia, and Europe. Three of these case 
studies from Whitzman et al. are briefl y summarized, below, to illustrate the diver-
sity of applications of such safety audits. 

 Sample Questions from Women’s Safety Audits 78  

•      Lighting —Are the street lights working? Are they distributed evenly? Do 
they light the streets? Mark on maps lights that are not working. How long 
does it take to repair the lights?  

•    Entrapment areas and unused land —Are there any recessed doorways, 
alleys, and demolished or unfi nished buildings which could be unsafe? 
What is the condition of vacant/unused land?  

•    Social usage of space —Are there people on the streets? Note if men are 
more than women. What are they doing? Observe the location of cigarette 
and liquor shops.  

•    Formal surveillance —Is there any visible policing?  
•    Informal surveillance —Do surrounding buildings provide informal 

surveillance?  
•    Priority improvements —Among all recommendations and corrective mea-

sures you suggested improving the situation, which ones are priorities?    

76   Ibid. 
77   Alexander Butchart et al.,  Preventing Violence and Reducing Its Impact: How Development 
Agencies Can Help , World Health Organization (Geneva, Switzerland), 2008. 
78   Adapted from Surabhi Tandon Mehrotra,  A Handbook on Women’s Safety Audits in Low-Income 
Urban Neighbourhoods: A Focus on Essential Services , Jagori (New Delhi, India), November 2010, 
and United Nations Human Settlements Programme,  Women’s Safety Audits For a Safer Urban 
Design , United Nations Human Settlements Programme (Warsaw, Poland), August, 2007. 
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  In Tanzania, Women’s Safety Audits were piloted in Manzese, an informal 
 settlement of Dar es Salaam with particularly high rates of violence. These Women’s 
Safety Audits in Manzese are credited with having led to critical alterations to the 
physical space that contributed to decreasing the crime rate and expanding and 
improving the economic and social opportunities for residents. Notably, however, 
the value of such audits might not be recognized in the case of Manzese if only the 
fi rst experience with them was reviewed, as no improvements to the settlement’s 
physical space were implemented following an audit in 2000, due to a lack of fund-
ing. Two years later, however, with support from UN-HABITAT and other donors, 
another audit led to improvements ranging from improved street lighting (funded by 
residents in the form of lighting for exterior porches on houses) to better transporta-
tion resulting from the local government’s clearing and improving of commonly used 
paths and roads that had become blocked or deteriorated. And again, 4 years later, in 
2006, the audits were key to securing World Bank support to further improve and 
pave roadways, install additional street lighting and particularly public lighting, and 
enhance the job creation program that had started as a result of the previous audit. 
An example of the effects of the audit cited by the coordinator is the job creation 
program’s spurring of the transition of women engaged in high-risk income- 
generating activities, such as prostitution, to less risky income-generating activities, 
such as vending food, charcoal, and second-hand clothing. 

 In India, Women’s Safety Audits identifi ed needed improvements related to the 
transportation systems. In Mumbai, the audits led to specifi c improvements in lighting 
in and around train stations, and in Delhi, audits led to the municipal transportation 
commission’s creation of a gender sensitization and women’s safety awareness 
campaign in which over 1,000 drivers and conductors within the city were trained. 
The South Delhi Auto Union members also displayed and distributed printed mate-
rials promoting women’s safety and women’s rights to safety. In Petrozavodsk, 
Russia, Women’s Safety Audits undertaken from 2003 onwards are credited for 
contributing to improvements in housing and neighborhood design, reported 
decreases in crime rates (including domestic violence, even though this issue was 
not the focus of the public space-focused audits), as well as increased awareness 
generally on both gender and safety issues. 

 Lastly, in the United Kingdom, Women’s Safety Audits were incorporated into 
urban revitalization programs in the early 2000s in three cities—London, Bristol, and 
Manchester. While many specifi c recommendations from the audits were imple-
mented, Whitzman et al. note that the more important result of the audits might be 
that the consistent rate of acceptance of the recommendations by local authorities is 
a critical signal of legitimation of women’s concerns regarding safety. 

 Regardless of whether any alterations of urban space actually result directly from 
Women’s Safety Audits, in each of the cases reviewed by Whitzman et al., the audits 
contribute to the raising of awareness of safety as a concern in the communities. 
These audits also promote the development of the social network among commu-
nity members and entities, and they result in greater sharing of values and 
 expectations with regard to safety through more frequent and meaningful engage-
ments among residents, intentional education campaigns, and local media coverage. 
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Considering the role of “collective effi cacy” in violence prevention, a la Robert 
Sampson as introduced earlier, the example of Women’s Safety Audits can be seen 
even more readily as not only critical to addressing the particular safety concerns of 
women but as models of building collective effi cacy and thus inuring urban envi-
ronments to the potential of large-scale civic violence.

   Case studies and selected characteristics   

 City  Violence  Interventions  Innovation 

 Diadema, 
Brazil 

 • High murder rate 
of 141 per 
100,000 persons 

 • Near anarchy, 
collapse of law 
and order 

 • Process of 
reurbanization 

 • Multi- sectoral, 
mixed-model 
approach for violence 
reduction 

 • Preventive measures 
restricting alcohol 
sales (“Last Call” 
Law) 

 • Local government 
spurred multi-sectoral, 
mixed- model approach 
to intervene and prevent 
violence 

 • Diverse group of local 
political actors 

 Lagos, 
Nigeria 

 • High crime rates 
 • Perceived 

civilian 
insecurity 

 • Inadequate police 
response 

 • Community trust fund 
for support of security 
efforts (Lagos State 
Security Trust Fund) 

 • Centralization and 
expansion of state and 
private security outfi ts 

 • Innovative funding for 
multifaceted security and 
safety reforms 

 • Social and environmental 
development 

 • Government–community 
dialogue 

 Boston, 
USA 

 • Spike in youth 
homicide rates 
from 22–73 
victims per year 

 • Crack cocaine 
epidemic 

 • Gang rivalries 

 • Working group of 
criminologists and 
Boston Police 
Department to 
address violence 
(Operation Cease 
Fire) 

 • Data analysis 
 • Centralization and 

coordination of 
enforcement responses 

 • Direct communication 
with gangs 

 • Severe and rapid 
response to violent gangs 

 Nairobi, 
Kenya 

 • More than 1,000 
killed in electoral 
violence 

 • Estimated 600,00 
displaced persons 

 • Increased 
opportunistic 
gang-associated 
killings 

 • Technology-based 
monitoring of 
violence and 
corruption (Ushahidi 
and Uchaguzi) 

 • Development of 
online spaces for 
political organization 
(SODNET) 

 • Widespread, crowd-
sourced efforts through 
technology to witness, 
monitor, verify, and 
aggregate instances of 
hate speech, 
intimidation, and crimes 

 • Online and person-to-
person promotion of 
peaceful election 
processes 

 Khayelitsha, 
South 
Africa 

 • 106 murders per 
100,000 people 
in 2006–2007 

 • High rates of 
unemployment 
and poverty 

 • Rapid growth of 
townships 

 • Urban upgrading 
 • Community 

engagement 
 • Enhancement of 

physical and spatial 
environment 

 • Improvement of local 
governance 

 • Creation and 
maintenance of 
community- owned 
public space with 
community engagement 
for collective effi cacy 

 • Safe area multiuse public 
spaces catering to 50,000 
people (nodes) 

(continued)
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        Conclusion 

 In this chapter, we have presented a selection of case studies of promising innova-
tions to address endemic and large scale violence associated with urbanization. The 
availability of such examples is still limited, so we cannot offer authoritative guid-
ance for policy. We present this survey as a model for further research to identify 
and interrogate such efforts in order to better inform the development of more effec-
tive policies for addressing violence related to increasing urbanization. In this man-
ner, we are suggesting that the issue of rising and increasingly threatening civic 
violence is particularly amenable and even requires the employment of a public 
health approach to identify solutions. As numerous others have already identifi ed, 
the relationship between urbanization and violence is not clear—and yet it is also 
unquestionable. Urbanization might not lead directly to violence and increasingly 
harmful levels and types of violence, but urbanization very likely exacerbates the 
risks of violence and those associated with violence. And because of both the com-
plexity and the urgency of the relationship, we cannot approach the issue from a per-
spective of removed academic inquiry but need to undertake the best efforts possible, 
informed by a careful understanding of the complex causal relationships. We must 
then carefully refl ect on the results of these efforts and rapidly improve upon them; 
this is the epitome of the public health approach. The public health approach also 
underscores the importance of both more attention to the careful monitoring and eval-
uation of the infl uence of efforts, which have up until now not been as well docu-
mented and are subject mostly to retrospective and anecdotal documentation. An 
openness to the appropriate and necessary innovation of methods to monitor and 
evaluate these efforts is also required, since they are unlikely to be as amenable to 
more traditional methods of inquiry, due to their complexity. 

 Beyond this higher level intention of this chapter and the previous statement that 
we are far from identifying any clear guidance for policy, we can nonetheless iden-
tify some important, even if not entirely novel, lessons to be drawn from these case 
studies to inform efforts to address endemic and large-scale urban violence. First 
and foremost of these is that violence is largely a symptom of many other challenges 
related to urbanization. And while violence can certainly interact with these other 
challenges—such as those related to health, environment, and economic opportuni-
ties—efforts to reduce violence will always have a fl oor if adequate progress is not 
made on addressing these other challenges. While all of the cases represent this 
multidimensionality of the causes and necessary efforts to address civic violence, 

 City  Violence  Interventions  Innovation 

 Various 
cities 

 • High rates of 
violence 

 • Fear of violence 
and victimization 

 • Gendered 
violence 

 • Safety audits consult 
citizens in order to 
identify issues that 
make them feel 
unsafe (safety audit) 

 • Checklist to engage 
women users of an urban 
space; list allows women 
to note factors that make 
them feel unsafe or safe 
in that space 
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the cases of Diadema, Lagos, and Boston in particular, highlight the importance 
of comprehensive approaches to address the challenges of urbanization that under-
lie violence. 

 Similarly, while many of the cases illustrate the promise of technology to assist 
in more carefully identifying and delivering information both to improve violence 
prevention policies and as violence prevention efforts in themselves, this can be 
most clearly seen in the cases of the data-informed efforts to change behavior in 
Boston and the SMS-messaging efforts to shape behavior in Kenya. While technol-
ogy is never a panacea in itself, these two cases demonstrate the increasing poten-
tial of technology—and particularly information communication and analysis 
technology—to play a critical role in strategies to address the endemic structural 
drivers of violence. 

 Finally, all of the cases illustrate the importance of engaging with the breadth of 
stakeholders that have infl uence on the factors that contribute to the risk of civic 
violence, but two in particular most exemplify this practice—the cases focused on 
urban upgrading and on Women’s Safety Audits. In both of these cases, the engage-
ment of the populations with the local government authorities not only helped to 
identify particular factors that could be addressed to reduce violence, improve 
safety, and increase residents’ sense of safety. Arguably more importantly, these 
efforts—one focused on the reshaping of the built environment and the other on 
engaging the population in identifying particular issues to be addressed—engen-
dered a greater sense of social trust and collective effi cacy that may be ultimately 
necessary for inuring urban communities from violence. 

 Returning to our idea most simply stated in our introduction, as the potential for 
such violence to fl are up increases in the face of unprecedented urbanization, and as 
we will continue to still be limited to a small number of cases as well as signifi cation 
variation among these cases, it is not likely that we will be able to rely on broad 
empirical analysis of a large number of interventions to better establish clear evidence 
of universal best practice. Instead, the search for solutions to endemic, large- scale, and 
collective violence in cities can benefi t greatly from an augmented use of a public 
health approach for analysis and program design.    
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    Chapter 6   
 Disaster Preparedness and Response 
Innovations: Implications for Urbanization 
and Health 

             Laura     Janneck       and     Paul     Biddinger    

           Background 

 Although there are many challenges facing modern cities, the response to natural and 
man-made disasters after catastrophe strikes often receives some of the most intense 
retrospective worldwide scrutiny. This is particularly true for cities in developing 
countries. Delays in communication, mobilization, and/or response are routinely 
criticized when cities show defi cient response to calamitous events. Further, while 
nearly every city struggles with its efforts to improve and promote health for its citi-
zens every day, their hard-fought efforts to improve outcomes can be thrown into 
disarray in an instant when disaster strikes. Health systems can be set back years or 
even decades in the aftermath of a disaster. The impact of disasters on urban areas is, 
of course, not a new phenomenon. Since ancient times, with events such as the 1138 
C.E. earthquake that struck Aleppo [ 1 ] and countless others, the devastating effects 
of extreme natural events on urban human settlements have been known and feared. 
However, in recent decades, there have been both increasing numbers of disasters 
and disproportionate increases in the number of people being affected by disaster [ 3 ]. 

 The world population is rapidly urbanizing. As more people move into urban set-
tings where they live and work together in tightly clustered spaces, the human impact 
of disasters increases. According to the United Nations, the world population became 
more urban than rural between 2007 and 2008 [ 11 ]. The urban centers of low- and 
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middle-income countries will house most of the world’s population growth over the 
next several decades, and many of these cities are located in  low- lying coastal zones 
or other areas at risk of fl ooding and extreme weather [ 16 ]. Within these cities, 
approximately one billion people are thought to live in slums, also known as infor-
mal settlements, with many of these areas at risk of fl ooding or landslides [ 16 ], and 
the number of people living in these settlements is expected to double by 2030 [ 22 ]. 

 As with most environmental factors on human health, when disasters strike, 
those most negatively impacted are vulnerable populations. This includes women, 
who may be physically less capable of self-protection if pregnant, carrying infants, 
or caring for small children. Likewise, the elderly and young children may not be as 
mobile or as able to physically withstand the forces of disaster. People living in 
poverty are more likely to spend their time in inadequate buildings unable to with-
stand extreme forces of nature, have limited access to stores of food and safe water 
after disaster, and may be unable to travel away from impending threats. Additionally, 
the poor, migrants, and refugees frequently have fewer social and systemic supports 
upon which to rely. 

 Disasters can, of course, be caused by forces of nature or man-made. Man-made 
disasters are often the result of armed confl icts involving urban areas and can cause 
large population displacements to or from cities—the war in Afghanistan drove refu-
gees from Kabul; the Somali Civil War pushed refugees from Mogadishu to Nairobi; 
and the Iraqi insurgency precipitated a large migration to various cities in the Middle 
East. Other man-made causes of disaster include terrorist attacks and efforts to miti-
gate climate change, such as dam construction that leads to the fl ooding of towns. This 
chapter will primarily focus on preparation for, mitigation of, response to, and recov-
ery from natural disasters. However, many of the innovative methods and concepts 
used to plan for natural disasters can also be applied to those that are human-made. 

 Because of the need for resilience in the face of disaster and because of increas-
ing visibility of the importance of disaster planning, leaders in global cities as well 
as health and humanitarian experts around the world are focusing increasing atten-
tion on disaster preparedness as an activity where there is great need for improve-
ment and much opportunity for innovation. Limiting the negative consequences of 
disasters on urban areas requires improved awareness, research, and innovation in 
each of the four phases of disaster preparedness, from planning and mitigation to 
response and recovery. In this chapter, we will explore some of the latest advances 
in disaster preparedness and response in each of these four phases.  

    Planning 

    Risk Assessments 

 One of the fi rst activities required when beginning to plan for disasters is to perform 
a formal and structured assessment of risk. This risk assessment allows city planners 
to combine analyses of both the most likely and the most severe potential hazards. 
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A structured risk assessment also takes into account existing plans and response 
capabilities; therefore, it enables a rational approach to the use of constrained 
resources. This critical step of carefully analyzing risk and existing preparedness 
involves gathering a great deal of data necessary for effective disaster mitigation, 
response, and recovery. 

 Some of the data that needs to be gathered for a risk assessment relates to the 
likelihood of certain potential hazards. For example, planners need to know the 
relative likelihood of a typhoon, a landslide, or an earthquake of magnitude 7.0 or 
greater. Other important data used in planning is detailed demographic information 
that describes both the population and the environment in which they live: how 
many people are in a given area, where do they live, and what are their ages? Also 
important is data about the built structures in which people spend their time. What 
are the construction materials used in houses and buildings; are they able to with-
stand earthquakes, fl oods, or high winds? Similarly, disaster planners need to know 
many details about the resources available to the local community in the event of a 
disaster—and how available those resources will be after a disaster. Planners must 
know not only the locations of hospitals, fi re stations, schools, and community 
centers that can act as shelters but also know their strengths and vulnerabilities to 
know if they can be relied upon when disaster strikes. They also need to know data 
on the resilience of basic community services to know if they can be expected to 
function in an emergency. Planners must understand the likelihood of water and 
power system disruptions, how durable the waste management systems are, and 
how basic food chains may be vulnerable to disruption. This data can be used dur-
ing and after a disaster for a range of tasks, from predicting the spread of infectious 
diseases and providing accurate maps for search and rescue to identifying gaps in 
service delivery [ 9 ]. 

 In cities of more-developed countries, much of this data is readily available. 
Although it needs to be updated regularly, the data can be organized so as to be use-
ful when a disaster hits. In less-developed cities, however, the task of collecting 
even the most basic data can be a colossal task. Many urban slums are not recog-
nized by the local government; therefore, the census does not count the people in 
these settlements, let alone describe the structures, systems, or neighborhoods in 
which they live. 

 Fortunately, many city governments and municipalities are beginning to take the 
lead in organizing and performing more accurate assessments of diffi cult-to- 
document populations and neighborhoods. For example, the World Health 
Organization (WHO) Kobe Centre developed the Urban Health Equity Assessment 
and Response Tool [ 24 ], a tool that analyzes and tracks health inequalities in order 
to identify populations vulnerable to natural disasters [ 14 ]. The Urban HEART tool 
has been implemented in dozens of cities around the world, including Tehran, Iran; 
Nakuru, Kenya; and Parañaque City, Philippines [ 24 ]. Although the Urban HEART 
tool was intended for use in reducing health inequalities, its structures and data are 
easily adapted to support improved risk assessment and planning. 
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    While local surveys and risk assessments can provide invaluable information for 
emergency planners, it is important to recognize that such data gathering and inves-
tigation can be viewed by vulnerable populations as intrusive and threatening. 
Many slums in poor cities are unoffi cial settlements, and the people living in the 
slums do not own the land they occupy. Historically, many slums have been par-
tially or completely demolished by city offi cials to make way for new urban devel-
opments. Slum residents, aware of these circumstances, are often suspicious of any 
government-led efforts to count them or survey the area. Therefore, there is a need 
for political bodies to provide assurance that the surveys will not be used to the 
detriment of the residents. 

 As with all urban health initiatives, thoughtful engagement of the community 
provides potential solutions. Compared to an externally imposed survey by an aca-
demic or governmental body, data gathering by community-based organizations can 
be more effective. In some cities, local groups such as slum dweller associations are 
developing community-managed enumerations and surveys [ 16 ]. Local residents 
can draw on their own knowledge of the layout of a slum—socially and  physically—
that has never been offi cially mapped, and simply mapping informal settlements 
can be a major fi rst step in assessing risks. One example is Cuttack, India, where 
digital maps were created by community members for city authorities with assis-
tance from NGOs [ 26 ]. In slums and urban areas at large, this information is then 
able to be utilized when disasters occur so that responders know where to focus 
their efforts.  
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    Collaboration 

 Since a disaster, by defi nition, overwhelms the local capacity to respond, and 
 perhaps because the local municipalities are more aware of their own resource limi-
tations, disaster planning in the developing world often encourages involvement 
from a broad array of partners who come from outside the local and regional gov-
ernments. NGOs are heavily involved in particular cities around the world, and, in 
some cases, act as consultants to urban disaster planners. For example, after the 
Yogyakarta earthquake in Indonesia, the World Bank and Iranian Red Crescent 
were able to gather data from the government and various NGOs to produce a com-
mon base map [ 11 ]. Alternatively, in Kabul, CARE instituted a program that identi-
fi ed shelter opportunities from a land usage survey and then used community 
councils to select benefi ciaries in clusters [ 11 ]. 

 Private companies have also taken on leadership roles, particularly in cities 
where they are based and have a large investment in human resources. Maintaining 
continuity of operations, supporting rapid local economic recovery, and reestab-
lishing local markets greatly improve the livelihood of local populations affected 
by disaster [ 11 ]. The World Food Program’s food-for-work programs target 
women and are coupled with child care services [ 11 ]; they are an innovative 
approach that simultaneously addresses the need to create an economy while pro-
viding food relief. Another successful example of this intertwining of goals: In 
Jakarta, after the El Nino of 1998, NGOs worked quickly to supply wheat from 
international suppliers to Indonesian mills. From that point on, the established 
private sector food production chain of Indonesian mills, noodle production fac-
tories, and distribution was able to stem part of the food insecurity in Jakarta [ 11 ]. 
Also, in India, the Gujarat Urban Development Company (GUDC) was estab-
lished by the government to implement urban development projects [ 11 ]. After the 
2001 Bhuj earthquake, the government designated the GDUC as the implement-
ing agency for overseeing recovery plans and outsourced many tasks to consul-
tants [ 11 ]. By doing so, it facilitated investment in infrastructure and services as 
part of the recovery process [ 11 ]. Collaborations, such as these between private 
businesses and relief organizations, are increasingly seen as critical to rebuilding 
the local economy after disaster.  

    Mapping 

 Much of the data collected by municipal authorities and local community organi-
zations can be spatially related. Beyond knowing the numbers and demographic 
details of people living in a certain neighborhood, it is extremely useful to know 
how many of those people live on a fl ood plain or how far away they live from 
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storm shelters. To answer these questions, spatial data is gaining increasing 
 attention in disaster planning and response, and with it comes a variety of innova-
tive methods to collect and analyze such data. The creation of accurate and current 
maps at a local level, often by the indigenous population, can help in disaster 
recovery. In Bhuj, India, after an earthquake in 2001, the Atlas for Post-Disaster 
Reconstruction was created, which included publicly made and publicly shared 
maps that guided the reconstruction process [ 11 ]. In Kabul, CARE worked with 
the local community to make maps to guide the construction of shelters, drains, 
roads, and wells [ 11 ]. 

 One area of innovative technology that is being used in disaster preparedness is 
remote sensing. Remote sensing uses satellite data to create maps of urban areas 
and can spatially map out factors that are not easily measured on the ground. For 
example, remote sensors are able to detect electromagnetic radiation, which 
includes a much wider range of energy waves than visible light. Electromagnetic 
data enables mappers to track a wide range of features, including land use, urban 
area growth, arrangement of green space in a city, farmland use, and heat islands. 
In addition, spatial data in many areas is becoming open source, with organizations 
such as OpenStreetMap allowing global collaborators to share data [ 12 ]. Another 
organization, the Satellite Sentinel Project [ 15 ], combines satellite imagery analy-
sis and fi eld reports with Google’s Map Maker to deter the resumption of full-scale 
civil war between North and South Sudan. The mappers for this group have used 
satellite imagery to fi nd mass graves, movement of tanks, and bombed villages, 
and their data have been thought to be infl uencing the progression of the confl ict in 
the region. 

 Closer to the earth, local disaster planners have also begun to use GIS data to 
facilitate and enhance risk assessment models. With the advent of widespread GIS 
technology, particularly with GIS data available from the cell phones that are ever 
more densely distributed around the globe, the opportunities for researchers, sur-
veyors, and disaster planners to use GIS data in disaster planning are growing at a 
fast pace. Many types of GIS data can support emergency planners’ and others’ 
efforts to assist airports, community centers, fi re and other emergency services, hos-
pitals, transportation services, telecommunication services, power generators, and 
schools [ 9 ]. GIS can be used in a variety of other ways, including estimating risks, 
estimating populations in hazard zones, mapping vulnerable populations, predicting 
demand for services in known emergencies, evaluating emergency response, and 
performing risk and vulnerability assessments [ 9 ]. 
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    In a successful application of GIS technologies, one study combined  crowdsourcing 
data and GIS data to creatively track population movements after the 2010 Haiti 
earthquake [ 2 ]. Researchers followed the daily positions of SIM cards using mobile 
phone towers and tracked cards that made calls before and after the earthquake. In 
Port-au-Prince, there were an estimated 3.2 persons per SIM card followed. Using 
this data, the authors were able to extrapolate that an estimated 630,000 people who 
were in Port-au-Prince on the day of the earthquake had left the city within 19 days, 
corresponding to 20 % of the pre-earthquake population, and they identifi ed the areas 
that received the largest outfl ow of internally displaced persons. The authors then 
utilized such data in helping to track population movements after a cholera outbreak, 
in order to identify other regions where new outbreaks might occur. The authors 
demonstrated the feasibility of using this method to do rapid estimates by producing 
reports on SIM card movement from a cholera outbreak area at the outbreak’s imme-
diate onset and within 12 hours of receiving data. 

 Potential downsides of relying too heavily on this method in the future include 
the possibility that certain vulnerable populations have low cell-phone use (includ-
ing children and the elderly) and considerations that power for charging cell phones 
may be limited or mobile towers may be damaged. However, potential future uses 
of this data include estimates of mortality from non-responding SIMs, estimations 
of buried but alive persons, more valid needs assessments, and the ability to send 
information to users’ cell phones [ 2 ].   
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    Mitigation 

 The second phase of disaster management is mitigation. Mitigation describes the set 
of actions taken to decrease the effects of a disaster, and mitigation efforts have the 
potential to signifi cantly lessen or prevent loss of life and property following a 
disaster event. In many cities of the developing world, city leaders are better recog-
nizing patterns in vulnerability for certain areas and targeting their efforts to limit 
the effects of disasters on those who predictably are at highest risk. When planning 
and assessment identify potential future hazards, mitigation efforts can have an 
enormous effect on reducing the impacts of disasters when they do occur. 

    Early Warning Systems 

 One notable area where the benefi ts of mitigation are evident is with development 
and deployment of early warning systems. Early warning systems are communica-
tion networks whereby, when a disaster is expected, warning can be given to the 
local population with associated instructions for steps to take to protect themselves. 
Many of these systems—like storm, fl ood, and tornado warnings—were pioneered 
in developed countries; therefore, many rely on expensive equipment or resources 
that are not always available (i.e., electricity). In resource-poor countries, early 
warning systems must be adapted to the circumstances of the population. Radio 
warnings will not be effective if most of the population does not own a radio. Sirens 
are not effective unless they are paired with an educational program so the popula-
tion knows what the sirens signify. Messages to the public should be clear, concise, 
and credible, with information about expected hazards, actions to take, where to go, 
and what to bring [ 9 ]. In addition, an understanding of local knowledge and 
resources is essential to an effective early warning system. During cyclone Sidr in 
Bangladesh, the National Disaster Management Prevention Strategy’s early warn-
ing system included not only alerting the population of the threat but also distribut-
ing cash, rice, and house-building grants before the cyclone struck to increase 
resilience [ 26 ]. In another example, in one of the slums of Jakarta, an early warning 
system for fl oods was developed and sent SMS messages to residents’ mobile 
phones but also broadcasted from the minarets of the local mosques [ 26 ]. 

 The most prominent example of a well-implemented early warning system is the 
Indian Ocean Tsunami Warning System. After the 2004 tsunami, the governments 
around the Indian Ocean developed an Indian Ocean Tsunami Warning System [ 8 ]. 
This effort was led by the United Nations Education, Scientifi c, and Cultural 
Organization (UNESCO) Intergovernmental Oceanographic Commission [ 20 ]. By 
2006, 26 of 28 possible national tsunami information centers had been established, 
each capable of receiving and distributing tsunami warnings around the clock [ 21 ]. 
Twenty fi ve new seismographic detection stations were built and linked to analysis 
centers, and three new deep-ocean sensors were established [ 21 ]. UNESCO now 
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runs  regular drills to evaluate the early warning system, but the system was tested 
by an actual event in April of 2012 when an earthquake occurred off the western 
coast of Sumatra, not far from the epicenter of the 2004 earthquake that triggered 
the historic tsunami. Within minutes of the earthquake, the Indian Ocean Regional 
Tsunami Service Providers of Australia, India, and Indonesia had issued detailed 
bulletins, and national bulletins were issued within 10 minutes of the event [ 19 ]. In 
some locations, precautionary evacuations were ordered. In some areas, people also 
self-evacuated, refl ecting the success of public education on tsunamis [ 19 ]. As the 
sea-level monitoring network of deep sea buoys confi rmed that a large tsunami had 
thankfully not been generated, bulletins and forecasts were updated, and reassur-
ances were disseminated to the population [ 19 ]. Though the 2012 earthquake did 
not itself create a large tsunami, it did demonstrate the effectiveness of the Indian 
Ocean tsunami early warning system. 

    

        Building Codes 

 Another crucial form of disaster mitigation that is beginning to take hold in some 
parts of the developing world is the development and enforcement of building codes. 
In order to adequately begin to prepare for expected disasters, local governments 
must at least proclaim that buildings be built to withstand likely climatologic 
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impacts. While such policy proclamations are of value, much greater value can 
come from the actual implementation and enforcement of building codes, which is 
inconsistent at best. For example, after the 2008 Sichuan earthquake, the Chinese 
government began to investigate why over 7,000 schools collapsed, despite many 
nearby buildings remaining intact [ 25 ]. They concluded that building codes for 
schools in that area were particularly weak and unenforced and responded with an 
amendment to improve construction standards for primary and middle schools in 
rural areas [ 25 ]. In addition to refurbishing buildings to withstand earthquakes and 
other environmental threats, communities should also have structurally sound large 
structures available for emergency shelter in the event of widespread building col-
lapse [ 17 ].  

    Urban Planning 

 Disaster planners can often identify which areas of a city are most susceptible to the 
damaging effects of various forms of natural disasters. Sometimes, this information 
is gathered through risk assessments, as discussed above. Other times, it becomes 
apparent after a previous disaster. Low-lying areas are generally the most at risk in 
fl oods, coastal areas may be in danger of tsunamis, and hillsides with unstable sur-
face soil are most at risk for mudslides. Some city offi cials and disaster planners are 
implementing mitigation measures to reduce the risk to people in these areas through 
urban planning, either changing the physical topography of an area or limiting 
human settlement in the most vulnerable areas. The major downside of this approach 
is, however, that it puts limitations on where people can settle and often requires the 
relocation of preestablished communities. No matter how well-meaning the urban 
planners are in enforcing these changes, the social and political repercussions can 
be severe if they are not anticipated and accounted for. For example, one option in 
preparing for future tsunamis is to restrict housing developments from building less 
than 300 meters from the coastline, as this is less expensive than building dikes [ 8 ]. 
However, this must be done with attention toward allowing fi shing communities 
and others dependent on the ocean to access the source of their livelihood. 

 In dense urban areas, and particularly slums, the need for improved infrastruc-
ture is extreme. Constraints in slum areas include a lack of all-weather roads, drain-
age, and electricity, and all of this is compounded by a lack of legal status of the area 
itself that disincentivizes investments in infrastructure [ 16 ]. Despite these limita-
tions, in some places, local people and groups have devised successful mitigation 
strategies. In Indore, India, households and small businesses raised platform levels, 
paved courtyards, used materials resistant to fl ooding and furniture less likely to be 
washed away, and put electricity and shelves high up [ 16 ]. Many households in the 
area also have suitcases at the ready and detachable roofi ng [ 16 ]. In Nairobi, resi-
dents of informal settlements mitigate their fl ood risks by developing strategies to 
move children, bail out water from fl ooding houses, dig trenches around houses, 
construct temporary dikes, and use sandbags [ 16 ]. 
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 Policies of urban planning that have been effective in disaster preparation in 
wealthier countries include increasingly sophisticated building codes, land subdivi-
sion regulation, restrictions on buildings in high-risk areas, and special provisions 
for extreme events [ 16 ]. The cities of Manizales, Colombia, and Ilo, Peru, for exam-
ple, have implemented plans converting high-risk areas into parks or acquiring land 
from the poor to prevent them from settling in the high-risk areas [ 16 ]. Policies are 
particularly effective when they include tangible new benefi ts for the community as 
well. Jakarta has developed a plan for disaster risk reduction, incorporating long- 
term planning for the area, including restoring mangrove forests, improving mass 
transit, refi ning building regulations, and reserving open spaces to absorb rainfall 
[ 26 ]. After the Bam earthquake, the Housing Federation in Iran led the process of 
home rebuilding with community consultation, allowing the process to take into 
account the importance of land ownership and date trees [ 11 ].   

    Response 

 Even with excellent efforts toward disaster planning and mitigation, disasters will 
most certainly occur, be diffi cult to predict, and be challenging to respond to. 
Currently, climate change appears to be causing signifi cant changes in the frequency 
and intensity of severe weather events, such as hurricanes, cold snaps, and heat 
waves, making forecasting such events diffi cult. Complicating matters further, the 
urban population is booming, and in a short time, surveys of the population will 
become out dated. Cities swell and shrink with greater speed because of increas-
ingly expansive rapid transit systems, and therefore, remarkably, disasters can have 
widely variable effects on a city depending on the time of day the event occurs. As 
an example, the 1989 Loma Prieta earthquake occurred during the warm-up of the 
World Series between the two Bay Area baseball teams, the Oakland Athletics and 
the San Francisco Giants. Because of the game, many people had either left work 
early or had stayed out late to watch the game, and therefore the usual afternoon 
rush hour was particularly light. Disaster specialists attribute the low death toll of 
the earthquake in large part to the fact that very few people were on the roads at the 
time. Thus, because disaster events themselves remain somewhat unpredictable, 
disaster response must be dynamic and fl exible. In the cities of poor countries, a 
variety of innovations are improving the quality of this immediate disaster response 
from both local communities and international responders. 

    Crowdsourcing 

 The ability of local responders to organize and assist in a disaster setting is largely 
reliant on their ability to assess events as they happen. One innovative tool that is 
being utilized in disaster response is crowdsourcing. This is a technology platform by 
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which local people can report, via phone call, text message, or email, in real time 
about events as they occur. These reports are compiled and mapped by a central pro-
cessing server, and the data is generally made open source so that disaster responders 
can utilize the data in their efforts. Crowdsourcing in this capacity was initially 
developed by an organization called Ushahidi, which developed a crowdsourcing 
platform during the violence following the 2008 Kenyan elections [ 23 ]. The Ushahidi 
website was used to map incidents of violence throughout Kenya based on reports 
submitted via the internet and mobile phones [ 23 ]. Since then, Ushahidi has expanded 
to become an open-source platform that can be used by groups around the world and 
can provide both new insights into events happening in real time and publicity to 
events not well-covered in the mainstream media [ 23 ]. 

    

        Sphere Standards 

 In disaster response, particularly in resource-poor cities, the response of local public 
safety offi cials and spontaneous volunteers is often followed by the response of the 
international humanitarian community. International humanitarian response is an 
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increasingly complex and rapidly developing fi eld, as well as a growing industry, 
with global humanitarian assistance reaching approximately US$15.1 billion in 
2009 [ 5 ]. Humanitarian responders are continually increasing in their sophistication 
and learning from the humanitarian emergencies in which they operate, and have 
developed many innovations in disaster planning and response. One development is 
the creation of the Sphere Standards [ 18 ]. These comprise a handbook that outlines 
both quantitative and qualitative measures of what a consensus group of humanitar-
ian agencies thought should be minimum standards in disaster response. These stan-
dards allow for measurable goals for urban disaster responders and are generally 
accepted as the minimum necessary for quality of life and dignity. Most humanitar-
ian agencies operating in the fi eld reference the Sphere Standards in their work, and 
many provide formal training to their responders. With the increased prevalence of 
urban refugees and disasters affecting urban areas, however, humanitarian agencies 
are fi nding that in some aspects, the Sphere Standards are untenable or not entirely 
applicable to urban settlements (rather than the prototypical rural refugee camps for 
which they were developed). Of note, many of the quantifi able Sphere Standards are 
not met by many urban slums at baseline [ 6 ]. Therefore, the humanitarian commu-
nity is in the early phases of determining how the Sphere Standards should be modi-
fi ed or replaced in the urban setting [ 6 ].  

    Cluster System 

 While international humanitarian assistance frequently follows major disasters 
around the world, and while such assistance is frequently invaluable to the victims 
of catastrophe, such assistance has also been plagued in the past by a lack of coor-
dination on the ground amongst the various responders. Therefore, the interna-
tional disaster response community has developed a system by which organizations 
can specialize in the various aspects of humanitarian response and coordinate their 
actions and efforts with other similarly oriented organizations. This system, devel-
oped by the UN’s Inter-Agency Standing Committee (IASC), is called the Cluster 
System. There are 11 clusters—groups of UN agencies, NGOs, and other organiza-
tions specialized in a sector of humanitarian assistance—each led by one agency 
during any given disaster response. The clusters are Protection, Camp Coordination 
and Management, Water Sanitation and Hygiene, Health, Emergency Shelter, 
Nutrition, Emergency Telecommunications, Logistics, Early Recovery, and 
Education and Agriculture [ 10 ]. While the cluster system is still developing, it is 
creating streamlined mechanisms to refi ne responding agencies’ efforts. While the 
system has its critics, it represents a laudable high-level effort to organize widely 
disparate responders to global disasters and attempt to eliminate redundancy and 
waste in humanitarian response. 
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         Recovery 

 While the acute disaster response phase invariably gets the greatest global media 
attention and scrutiny, most experts would agree that it is the recovery phase of 
disaster response where the most long-term impact is made. Although the transition 
from acute response to recovery is not always dramatic or clear, recovery is gener-
ally considered the period of rebuilding and recreating the infrastructure that was 
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damaged or destroyed during the disaster. At times, the recovery phase offers 
 opportunities to change the overall infrastructure of an urban environment, which 
can affect both economic and human capital. Indeed, many aspects of recovery 
planning are also considered aspects of planning and mitigation for future disasters 
as well, with this perspective being particularly pertinent in cities affected by cyclic 
disasters. 

 One major aspect of innovations in recovery is to involve the people affected by 
disaster as much as possible in the rebuilding of their own communities. Historically, 
many disaster recovery processes were organized top-down from government offi -
cials and international NGOs; therefore, the local people had little say in the details 
of the recovery efforts. In more recent disasters, however, responders have been 
more keen to involve the benefi ciaries of their actions in the planning and decision-
making, as doing so allows for more subtle, fair, and effective recovery. For exam-
ple, after the 2004 Indian Ocean tsunami, the communities in Aceh actively joined 
in the decision-making around reconstruction. Because of their involvement, earlier 
plans for tough zoning, mandatory setbacks from the sea, and relocation of local 
markets were not pursued, and instead livelihoods were rehabilitated through mul-
tipronged approaches, including restoration of the agricultural and fi shing sectors, 
rebuilding ports, replacing lost fi shing boats, and offering microfi nance programs, 
employment programs (such as cash for work), and training programs [ 7 ]. Such 
public consultation and involvement is very helpful to ensure public ownership of 
the recovery and to anticipate critical issues before decisions are made [ 11 ].   As 
mentioned above, urban communities have great opportunities for reestablishing 
local economies and livelihoods after a disaster and can do so more quickly if the 
local communities are involved in recovery efforts. Working with local citizens, 
disaster responders can rapidly assess preexisting markets and supply chains and 
work to reestablish markets that deliver products and services that underpin devel-
opment. Food security can be established by reopening local food markets and 
allowing people to return to buying and cooking their food themselves, rather than 
relying on predetermined handouts [ 11 ]. 

 In addition, NGOs can partner successfully with local leaders and the local popu-
lation to assist with recovery efforts as well as planning and response efforts. The 
2009 earthquake in Haiti was a case of a devastating natural disaster in a country that 
was considered by many to have a chronic humanitarian emergency before the earth-
quake [ 4 ]. Multiple NGOs had established a long-term presence in Haiti well before 
the earthquake struck, and many found themselves, by necessity, needing to reassess 
their development goals and mission in the setting of an acute disaster event. One 
organization in this situation was Partners in Health (PIH). Within two weeks of the 
earthquake, PIH had amended and expanded their health clinic capacities to be able 
to serve over 100,000 displaced people in the settlement camps around Port-au- 
Prince [ 13 ]. As PIH had already established a primary health system through which 
to provide comprehensive primary care, including maternal and child health, HIV 
and TB testing, mental health care, and malnutrition treatment, its task was a scaling 
up of these services, rather than establishing them anew [ 13 ]. Thus, PIH was able to 
assist with the disaster response acutely, and it continues to play a substantial role in 
the recovery of the nation’s health system.  
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    Conclusions 

 The fi eld of disaster preparedness and response is dynamic and continually  evolving. 
Many leaders in global cities as well as health and humanitarian experts are creating 
innovative new approaches to old problems around the world, particularly in low-
income countries. As the world’s population becomes ever more urban, and the 
climate becomes more extreme, the impact of disasters on global cities remains one 
of the greatest threats to human health and stability. As in all nascent fi elds, much 
research and discovery is yet to be done. As city offi cials and academics alike turn 
their attention to the threats of disasters in global cities, they must raise critical 
questions and seek to sort out the answers. The safety and security of our cities 
depend on it.       
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    Chapter 7   
 Innovations to Address Global Drug 
Counterfeiting: Implications for Urbanization 
and Health 

             Kendra     Amico     ,     Emily     Aaronson      , and     Howard     Zucker    

            Introduction 

 The recent rise in counterfeits has now extended from basic consumer goods and 
electronics to pharmaceuticals, jeopardizing the health of millions across the globe. 

 Estimates suggest that the counterfeit industry is now $75 billion and will grow 
by 20 % per year, making it one of the fastest growing public health risks [ 1 ]. 
Counterfeit medications, comprising more than 30 % of medications in parts of 
Asia, Africa, and Latin America, have only recently gained recognition by the gen-
eral public and mainstream media. Although the burden of disease lies largely with 
the world’s most vulnerable populations, Western countries are not insulated from 
this problem [ 2 ]. With the rapid growth of online pharmacies, the currently quoted 
1 % prevalence of counterfeit medications in the United States will quickly rise [ 3 ]. 
The Internet, which boasts up to 50 % prevalence of counterfeit pharmaceuticals, 
has introduced medications such as blood pressure control, lifestyle medications, 
and pain modulators to the list of counterfeited medications. 

 The traditional defi nition of counterfeit medications, including both generic and 
brand name, is medications  deliberately and fraudulently mislabeled with respect to 
identity and/or source  [ 4 ]. In some instances, counterfeiting involves manufacturing 
a drug without its active ingredient—with chalk, starch, fl our, or talcum powder in 
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place of any active compound. Although less harmful than some of the more 
 menacing manufacturing techniques, this approach puts patients at risk of morbidity 
and mortality from otherwise treatable diseases. In a more sinister approach, these 
formulations can be made with substitute medications providing relief of symptoms 
but not treatment of disease, for example, fi lling an antimalarial with acetamino-
phen, which will lower the fever of malaria but will not treat the underlying parasite. 
Other medications may have active ingredients but at nontherapeutic doses. This 
“up marketing” of medications runs the risk of creating resistance in the partially- 
treated host. These substandard medications subject patients to treatment failures 
and create drug-resistant organisms. Lastly, and perhaps the most publicized aspect 
of this issue, is the inclusion of noxious chemicals in medications marketed as ther-
apeutic pharmaceuticals. Most notoriously, in place of the glycerin normally used in 
cough syrup, the toxic substance diethylene glycol has been used because of its 
similar taste, color, consistency, and lower cost. 

 Counterfeit pharmaceuticals thus have signifi cant public health consequences 
beyond their individual-level effects. These falsifi ed medications jeopardize the pri-
mary care environment by undermining people’s faith in their physicians and mak-
ing them question the integrity of the pharmaceutical supply chain. 

 This chapter will provide an overview of drug counterfeiting globally, describe 
its potential impact for urbanization and health, and discuss various mechanisms to 
address this problem.  

    A Global Problem 

 Drug counterfeiting was fi rst identifi ed almost 70 years ago when diethylene glycol 
was found in cough syrup in the United States. As a result of this incident, which 
caused 100 deaths, the federal government established the Food and Drug 
Administration (FDA). Strong regulatory standards presently monitored by the 
FDA limit the exposure of Americans to counterfeit pharmaceutical and biomedical 
products. However, in other countries with less stringent oversight, people routinely 
fall victim to similar attacks. One of the most publicized cases was that of a string 
of intentionally falsifi ed barrels of diethylene glycol (again masquerading as glyc-
erin) originating in China. These barrels ended up in the unknowing hands of the 
Panamanian government, who unwittingly mixed the lethal chemical into 260,000 
bottles of cough syrup. When these were then distributed to hospitals and pharma-
cies throughout the country, an epidemic of progressive paralysis and respiratory 
collapse ensued—and resulted in the deaths of over 365 people [ 5 ]. 

 Similar stories involving counterfeit products have occurred in many other coun-
tries. In 1995, 88 children, nearly half under 2 years old, were killed in Haiti, again 
from tainted glycerin reportedly manufactured in China [ 6 ]. The falsely labeled 
glycerin was sent to Port-au-Prince, where it was mixed into hundreds of bottles of 
fever medication and then given to children, almost all of whom subsequently died 
of kidney failure. The same year, 50,000 Nigerians were inoculated with a counter-
feit meningitis vaccine, later causing 2,500 deaths from the disease [ 7 ]. Nigeria 
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again fell victim 13 years later when 84 children died after using a tainted teething 
formula made by a Lagos-based pharmaceutical [ 2 ]. Similar mass poisonings have 
since been reported in Bangladesh, Argentina, and India. Specifi c reports of coun-
terfeits have surfaced in dozens of countries, and this problem is now considered to 
be truly universal. 

 In addition to cough syrup and vaccines, malaria medications have been a prime 
target for falsifi cation, with the most recent data suggesting that more than 36 % of 
malaria medications in Southeast Asia and 20 % in Sub-Saharan Africa are inten-
tionally falsifi ed [ 8 ]. 

 Behind these tragic tales of unsuspecting victims are often complex webs of ille-
gal networks. The initial act of forging the medicine is often followed by the arrange-
ment of concealed shipments and falsifi ed documents, which ultimately leads to 
distribution to the public. Interestingly, by the time these medicines reach the hands 
of distributors, they are often unaware that the medicines they are peddling are false, 
which only further complicates the issue of accountability and enforcement.  

    Inciting Factors 

 The reasons for the continued growth and evolution of drug counterfeiting are mul-
tifactorial. Often, patients in poorer countries buy their medications out-of-pocket, 
even when hospitalized. Expensive medications, in either original or generic forms, 
can be an insurmountable barrier. Thus, patients are persuaded to buy medications 
from unregulated vendors [ 3 ]. This scenario creates demand for cheaper medications 
and makes poorer populations particularly vulnerable to counterfeits that are less 
expensive than authentic pharmaceuticals [ 9 ]. Consumers who abuse controlled sub-
stances, such as narcotics, and utilize unregulated markets, are another target popula-
tion susceptible to counterfeiters [ 10 ]. Similarly, consumers who are too embarrassed 
to ask for a prescription for lifestyle medications (e.g., those targeted at impotence or 
baldness) and utilize Internet retailers are vulnerable targets of counterfeiters. 

 From an economic perspective, the business of counterfeiting offers high profi t 
margins. Though the true cost is hard to determine, estimates suggest that counter-
feiting brought in US$70 billion in profi ts in 2010 [ 11 ]. Many apprehended counter-
feiters had simply constructed operations in their homes, backyards, or in small 
industry settings, all environments in which production costs remained low [ 3 ]. 
These “cottage industries” are not held to the same safety and regulatory standards 
as legitimate pharmaceuticals, further increasing their profi ts [ 3 ]. Urban environ-
ments allow for even easier fraud and abuse of medications, while those same set-
tings are simultaneously fostering increased incidence of certain ailments from 
triggers, such as overcrowding and pollution. 

 Underdeveloped regulatory systems in many countries cannot reliably or effi -
ciently detect breeches in their manufacturing and distribution pathways; thus, it is 
quite diffi cult to identify the problem, let alone trace it back to instigators [ 3 ,  9 ]. 
Medicines typically pass through the hands of numerous parties crossing into 
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 several countries, each of which has its specifi c customs and trading regulations. 
Given this fragmented and at times corrupt system, it is easy to imagine how coun-
terfeit pharmaceuticals can slip into the system undetected [ 3 ]. And one must 
remember that an episode of counterfeiting does not involve just one pill; rather, it 
is a batch of thousands of counterfeit pills. Thus, there is great complexity and dif-
fi culty in containing this problem. 

 Even when counterfeiters are apprehended, there is ongoing debate on how to 
handle this crime or even if it should be considered a true criminal offense. Lack of 
stringent enforcement and adequate punishment creates a favorable environment 
for counterfeiters to operate. Illustrating this perfect storm, in 2004, toxic ingredi-
ents substituted for iron resulted in liver failure and death in a 22-year-old 
Argentinian girl undergoing treatment for anemia. The offi cial national investiga-
tion was hampered by falsifi ed paperwork, inability to identify all parties involved, 
and uncertainty over how to proceed with suspected offenders, rendering it power-
less in preventing subsequent deaths and ill effects from the same counterfeit medi-
cations [ 3 ]. 

 As a result of these factors, efforts to combat counterfeiting remain unchecked 
and provide fertile ground for counterfeiters to prey on vulnerable and often quite 
ill people. Though numerous stakeholders have attempted to resolve this problem, 
coordination remains a Herculean task. Multiple distractions contribute to failure 
in troubleshooting the counterfeit medicines problem. Most notable among these 
factors is the debate over the intellectual property rights of pharmaceuticals. 
Specifi cally, should anticounterfeiting measures focus solely on the content, pro-
duction, safety, and effi cacy profi le of pharmaceuticals, or should they also address 
the right to manufacture generics? Concern abounds that the fi ght against counter-
feit pharmaceuticals would infringe on the development and trade of generics, 
thus having a stronger detrimental effect on developing countries [ 9 ]. Failure to 
agree promotes discord and draws attention away from the core issue, namely, 
stopping counterfeit activities [ 9 ]. In addition, many countries fail to recognize the 
benefi ts of prioritizing the fi ght against counterfeit medicines or choose not to 
invest capital into troubleshooting efforts [ 3 ]. Achieving consensus on the defi ni-
tion of the crime and the extent of punishment is imperative if public health 
experts, policymakers, law enforcement, and regulatory agencies want to combat 
drug counterfeiting. 

 Drug counterfeiting is extremely diffi cult to monitor, as information is amassed 
from multiple sources and is often incomplete in some regard. Developing countries 
lack regulatory systems to identify and collect counterfeiting data, so reporting from 
them is even more infrequent and fragmented; effi ciently distributing resources 
without an accurate accounting of drug counterfeiting activity is problematic. 

 Based on available data, counterfeiting is thought to be less than 1 % of market 
value in industrialized countries, including Australia, Canada, Japan, United States, 
and most nations within the European Union. This estimate excludes Internet pur-
chases, which are estimated to be counterfeits in up to 50 % of cases where the 
address of the originator is not provided. Countries with weak regulatory systems 
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are at greater risk: Counterfeit estimates approach 20 % in the former Soviet Union 
and 30 % in some regions of Africa, Asia, and Latin America [ 3 ]. 

 The Pharmaceutical Security Institute (PSI), now comprised of 25 pharmaceuti-
cal companies, has created a dynamic system over the past decade for identifying 
counterfeit drug incidents and alerting the appropriate authorities. In 2011, they 
reported 1,986 verifi ed incidents (Fig.  7.1 ) [ 12 ]. These incidents involved 532 dif-
ferent pharmaceutical products; the top three drug categories were genitourinary, 
anti-infective, and cardiovascular. The majority of arrests occurred in Asia (Figs.  7.1 , 
 7.2 , and  7.3 ).    

 Given the breadth of the drug counterfeiting problem and its increasing infi ltra-
tion of the drug market, success in combating this problem requires a multifaceted 
approach. Efforts are already underway and include national legislation, improved 
regulation for manufacturers and distributors, communication, and collaboration 
among stakeholders, public education, and the necessary technologies to detect 
counterfeits. The following sections will highlight the challenges, lessons learned, 
and best practices among these different aspects while looking ahead to future 
needs. Specifi cally, legislative and regulatory efforts, enforcement measures, tech-
nology developments, and communication networks will be discussed as they per-
tain to fi ghting counterfeit medicines. 

  Fig. 7.1    Total number of counterfeit drug incidents by year identifi ed worldwide by the 
Pharmaceutical Security Institute (PSI) [ 12 ]       
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    Legislation 

 International and national efforts to overcome the challenge of counterfeit medica-
tions begin with effective legislative reform. Although efforts to combat counterfeits 
to date have largely revolved around identifi cation, detection, and seizures, there 
have also been some important steps taken toward creating a better foundation to 
deter or prevent the creation of these pharmaceuticals in the fi rst place. Efforts that 

  Fig. 7.2    Number of counterfeit drug incidents in 2011 recorded by region from by the 
Pharmaceutical Security Institute (PSI). A region is included if it is the “origin, point of seizure or 
transit, or destination” of illegal pharmaceuticals [ 12 ]       

  Fig. 7.3    Arrests of persons 
involved in counterfeiting, 
diversion, or theft of 
pharmaceuticals worldwide 
during 2011 by the 
Pharmaceutical Security 
Institute (PSI), as 
documented by member and 
open source reports [ 12 ]       
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have centered on multi-group involvement, engaging stakeholders from the govern-
ment, the pharmaceutical industry, drug suppliers, importers, distributors, and the 
public sector, have set the benchmark for effective action. This legislative land-
scape, however, is complicated by debates surrounding the defi nition of a counter-
feit, fear of infringement on generic medications and pharmaceutical sales, and the 
need to navigate the complex waters of transnational jurisdictions. As counterfeit 
drug sales continue to climb, with an estimated 90 % increase in sales from 2005 to 
2010, this will be an issue that governments will increasingly have to face at a leg-
islative level [ 8 ]. The ability to create strong, international policies on the issue of 
counterfeit medications hinges on the ability to come up with a standardized defi ni-
tion. Increasingly, organizations have adopted the WHO defi nition:

  The term counterfeit medical product describes a product with a false representation (a) of 
its identity (b) and/or source (c). This applies to the product, its container or other packag-
ing or labeling information. Counterfeiting can apply to both branded and generic products. 
Counterfeits may include products with correct ingredients/components (d), with wrong 
ingredients/components, without active ingredients, with incorrect amounts of active ingre-
dients, or with fake packaging. Violations or disputes concerning patents must not be con-
fused with counterfeiting of medical products. Medical products (whether generic or 
branded) that are not authorized for marketing in a given country but authorized elsewhere 
are not considered counterfeit. Substandard batches of, or quality defects or non- compliance 
with Good Manufacturing Practices/Good Distribution Practices (GMP/GDP) in legitimate 
medical products must not be confused with counterfeiting. 

 Notes: (a) Counterfeiting is done fraudulently and deliberately. The criminal intent and/
or careless behavior shall be considered during the legal procedures for the purposes of 
sanctions imposed. 

 (b) This includes any misleading statement with respect to name, composition, strength, 
or other elements. (c) This includes any misleading statement with respect to manufacturer, 
country of manufacturing, country of origin, marketing authorization holder or steps of 
distribution. (d) This refers to all components of a medical product [ 13 ]. 

   This defi nition stems from a similar version drafted at a workshop organized by 
the WHO and International Federation of Pharmaceutical Manufacturers & 
Association in 1992. Although revised in 2008 and generally accepted by many 
stakeholders, the defi nition was never formally adopted by member states and 
remains an area of great contention for many [ 9 ]. Some controversy originated 
from the initial use of “counterfeit” solely in conjunction with intellectual property 
or trademark violations. Only more recently has the scope of the defi nition been 
broadened to include falsifi ed pharmaceuticals, where the identity or source of the 
medications have been misrepresented without necessarily violating intellectual 
property rights, as well as substandard medications where pre-specifi ed quality 
standards are unmet [ 14 ]. The Institute of Medicine and the United Kingdom’s 
Chatham House are continually refi ning their working defi nition of counterfeit 
medicines to emphasize the public health implications and not interfere with the 
trade in generics [ 14 ,  15 ]. 

 More specifi cally, the concerns related to tougher legislation against counterfeits 
revolve around the role of WHO in the intellectual property debate. Some develop-
ing countries fear that the WHO’s involvement in regulating counterfeit medica-
tions will negatively impact their ability to provide legitimate generic medications 
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to their populations [ 16 ]. This fi re was further fueled by the detention of 19 
 shipments of medications, which were under patent in Europe but came from or 
were sent to countries where the medications were considered generic [ 14 ]. Attempts 
to alleviate this concern resulted in the inclusion of the following phrases in the 
2008 revised defi nition: “ Violations or disputes concerning patents must not be con-
fused with counterfeiting of medical products. Medical products (whether generic 
or branded) that are not authorized for marketing in a given country but authorized 
elsewhere are not considered counterfeit”  [ 13 ]. 

 Some countries, however, believe that the WHO should redirect their focus and 
address all substandard medications—in effect, those that threaten public health and 
safety—rather than focusing on counterfeits alone [ 14 ]. Some of these countries 
have thus adopted broader defi nitions that make no distinction between counterfeit 
and substandard medications, while others have clearly separated these out for fear 
of infringement on intellectual property considerations [ 15 ]. 

 The debate over defi ning counterfeit medications is a subset of the larger issue 
regarding barriers to broad anti-counterfeiting policy adoption. Many of the policy 
measures suggested by advocacy and interest groups include mandatory reporting, 
greater transparency, cooperation between the private and public sector, and a mul-
tinational approach to tackling this issue. This approach is complicated by the hesi-
tancy of some governments and pharmaceutical companies to publicize cases of 
counterfeits. Their concern is that such publicized awareness will harm the public’s 
faith in medication, perhaps instigate a movement away from treatment all together, 
or damage the sales of the authentic pharmaceuticals targeted by counterfeiters [ 17 ]. 
Hence, disincentives exist to promoting awareness of this global counterfeit prob-
lem. Examples of the above actions are highlighted by SmithKline Beecham’s deci-
sion not to act against counterfeiters when their meningitis vaccine was substituted 
for an inactive formulation by counterfeiters and distributed across Niger. The com-
pany was concerned that such publicity would damage their name brand [ 18 ]. 
Similarly, Schering took a whole month to distribute information that their oral 
contraceptive had been tampered with—by replacing the active pharmaceutical 
agent with wheat fl ower [ 18 ].  

    Regulation 

 The incidence of counterfeiting is greater in areas where regulation is weaker. With 
30 % of countries lacking effective drug regulatory agencies, such nations become 
easy targets for counterfeiters [ 17 ]. Paradoxically, these are the same nations that 
exhibit the greatest burden of disease, least access to affordable medicines, and larg-
est gap between the price of legitimate medicines and the price of counterfeits. 

 Therefore, it is essential that governments and international bodies regulate this 
issue. This was fi rst addressed in 1985 when the issue of counterfeiting was raised 
at the WHO Conference of Experts on the Rational Use of Drugs in Nairobi, Kenya. 
It was suggested that the WHO facilitate global efforts to better understand the fi ght 
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against counterfeit medicine through data collection, information sharing, and 
 government alerts [ 14 ]. Three years later, a resolution was adopted against counter-
feit and substandard medications at the 1988 World Health Assembly. They took an 
even stronger stance and asserted that the WHO should “initiate programs for the 
prevention and detection of export, import and smuggling of falsely labeled, spuri-
ous, counterfeited or substandard pharmaceutical preparations” [ 17 ]. 

 This culminated in the creation of the International Medical Products Anti- 
Counterfeiting Taskforce (IMPACT) by the WHO in 2006. This partnership, charged 
with engaging stakeholders in a collaborative effort to protect individuals from 
counterfeit medications, has outlined critical areas for government intervention and 
legislative frameworks. Their multiple reports and guidelines are published and 
widely available. 

 International mobilization of this nature led to the Anti-Counterfeiting Trade 
Agreement (ACTA) in 2011. This multinational agreement aimed to create interna-
tional legal framework and standardize enforcement guidelines to aid in detection 
and enforcement of counterfeit products. Although controversy centered on copy-
right infringement surrounding the agreement, it was ultimately adopted and 
remains an example of strong international collaboration. 

 In 2011, the European Union initiated efforts to both prevent and prosecute 
counterfeit activities, by drafting a convention on the counterfeiting of medical 
products and similar crimes involving threats to public health (MEDICRIME con-
vention) [ 19 ]. The European Commission on Public Health further advanced this 
effort by publishing the Adoption and Publication of Commission Implementing 
Regulation on Pharmacovigilance Activities—a guide to help agencies apply new 
legislation targeted at combating counterfeits [ 20 ]. With an increasing amount of 
counterfeit medications sold online, the European Union also introduced the 
Directive on Falsifi ed Medicines in 2011, increasing the regulation and safety of 
online pharmacies [ 21 ,  22 ]. Similarly, the National Association of Boards of 
Pharmacy (NABP), a North American-based organization, launched the Verifi ed 
Internet Pharmacy Practice Sites (VIPPS) program in 1999. This program accredits 
sites with good compliance and licensure, thereby ensuring authenticity [ 23 ]. 

 The American government has taken important steps to address the issue of 
counterfeits. With 40 % of pharmaceuticals sold in the United States and 80 % of 
all active ingredients made outside of American borders, the Food and Drug 
Administration (FDA) created a task force to identify high-yield recommendations 
aimed at government, industry, and the general public [ 24 ]. The agency’s task force 
has completed border studies, developed an alert system, strengthened distribution 
systems, investigated new technologies, and engaged the public and private sector 
in this effort. 

 The FDA’s work in this area is rooted in the Prescription Drug Marketing Act 
(PDMA) of 1987, which requires pharmaceutical wholesalers to track and trace 
drug distribution [ 25 ]. This act, modifi ed in 1992 and with clear regulations for 
implementation published in 1999, laid the groundwork for the FDA’s current mis-
sion of ensuring pharmaceuticals within the United States are protected by creating 
safeguards in the distribution system [ 26 ]. The FDA’s fi rst step in achieving this 
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objective was the publication of the 2011 Pathway to Global Product Safety and 
Quality report that documented the agency’s commitment to working seamlessly in 
the international environment [ 26 ]. The FDA has also worked with the United States 
Customs and Border Control to study pharmaceutical entry into the United States in 
an effort to delineate the problem and identify solutions [ 26 ]. Private trade organiza-
tions, including the International Federation of Pharmaceutical Manufacturers & 
Associations (IFPMA), have identifi ed counterfeit medications as a public health 
concern and published position papers specifi cally targeting this issue. In 2010, the 
IFPMA circulated their Ten Principles on Counterfeit Medicines document, which 
aims to create a “policy environment that recognizes, prioritizes and effectively 
addresses the major threat to global health posed by counterfeit medicines” [ 27 ]. 

 Detection is a critical step in the fi ght against counterfeit medications, and some 
legislative efforts have begun to focus on this specifi c aspect of anticounterfeiting. 
The FDA’s system of reporting stems from an agreement made by US pharmaceuti-
cal companies in 2003, in which the FDA is notifi ed within fi ve business days of a 
suspected counterfeit; however, it remains a voluntary program that has no legal 
obligation for reporting. The WHO’s Western Pacifi c Region also instituted a central-
ized database in 2005 that generates web-based “Rapid Alerts” to member countries 
following the detection of a counterfeit medication; these alerts aim to communicate 
real-time warnings across national borders [ 28 ]. Nonprofi ts organizations, such as 
the Partnership for Safe Medicines in the United States, have also started similar 
programs that publish weekly public alerts on suspected cases. However, all of these 
efforts depend on strong reporting, and the drug industry—often the fi rst to know 
about counterfeits—is sometimes wary of the impact on their brand with public 
reporting. A private-industry collective, the PSI, has taken the lead on collecting data 
in this area: Their Counterfeiting Incident System (CIS) records the incidents of 
counterfeits, drug thefts, and diversions, drawing on direct reports from member 
pharmaceutical companies, nonmembers, the media, and the public sector. This data-
base, which recorded 1,311 arrests for counterfeiting in FY2011 (a 14 % increase 
from FY2010), is confi dential. Outside of the broad annual incident reports, its con-
tents are neither shared with the WHO nor disseminated to the public [ 18 ].  

    Enforcement 

 In addition to the need for strong legislation to support safer practices in the manu-
facturing, distribution, and reporting of medicines, there also needs to be a strong 
legal system to prosecute perpetrators. Currently, the penalties for counterfeit medi-
cations are less onerous than those for counterfeiting a designer purse [ 29 ]. The 
FDA further reinforced this need by calling for higher penalties in its  Pathway to 
Global Product Safety and Quality  report [ 24 ]. In the United States, where the aver-
age jail sentence for a counterfeiting crime is 3 years, steps have been taken toward 
stricter penalties, most recently with the proposed Counterfeit Drug Penalty 
Enhancement Act of 2011. This act would increase the maximum prison sentence 

K. Amico et al.



151

for counterfeiting medicines to 20 years for individual fi rst-time offenders and 
increase the maximum fi ne that can be imposed on them to US$4 million [ 30 ,  31 ].  
 This legal disconnect is not unique to America. As of 2000, in India, which is the 
source of many counterfeit medications, the penalty for a convicted counterfeit drug 
manufacturing is imprisonment for at least 3 years and a fi ne of US$108 [ 32 ]. 
Although stricter penalties are needed, the challenge lies in the international nature 
of the crimes—often crossing many borders and with multiple minor infringements 
on manufacturing, shipping, importation, distribution, and documentation laws 
along the way. 

 Enforcement of the laws that do exist is a crucial step in better understanding the 
scope of the problem and effectively addressing proliferation of the counterfeit 
industry. Within the United States, the FDA created the Offi ce of Criminal 
Investigations (OCI), which is tasked with taking the lead on investigations, work-
ing with local police to coordinate arrests, and working with local law enforcement 
to ensure these cases go to trial. Since its inception in 1992, the OCI has initiated 
580 counterfeit drug investigations, resulting in 522 arrests and 414 convictions, 
with fi nes and restitutions totaling US$56,943,560 [ 33 ]. Most recently, in FY2011 
the OCI initiated 59 counterfeit drug investigations—resulting in 30 arrests, 38 con-
victions, and US$1.3 million in fi nes [ 33 ]. Interpol has arguably played the largest 
role in this arena, mobilizing large international efforts around detection and 
enforcement. Its work over the last 15 years in many ways serves as a case study for 
effective, systematic partnership that acknowledges the transnational nature of the 
problem and works with multiple organizations and government agencies. 

 Interpol’s multi-pronged approach hinges on collaboration between police offi -
cers, customs agents, health regulatory authorities, scientists, and the private sector 
while employing education, fi eld support, and operational execution to support the 
work. Interpol uses training workshops to build international capacity for targeting 
transnational counterfeiting activities [ 34 ]. A seminar in Kenya in 2009 launched an 
effort to fi ght counterfeiting in Eastern and Southern Africa. A subsequent course in 
Senegal focused on Western and Northern Africa. Interpol’s focus on skills and 
knowledge trains these representatives around the health risk of counterfeit medica-
tions and gives them tools to identify, investigate, and combat them. This education, 
taking place in the classroom and through online modules, lays the groundwork for 
fi eld support. Through a series of interactive modules, Interpol has created a cur-
riculum that fosters investigations, operations, and legal prosecutions. Lastly, 
Interpol’s operations have proven that this type of multinational cooperation is not 
only possible, but, in fact, is also a highly-effective model. 

 Operation Storm was the fi rst multi-country anti-counterfeiting operation led by 
Interpol, with the help of the WHO and World Customs Organization. This effort 
brought together customs, drug regulatory agencies, and policymakers of participat-
ing countries in an effort to disrupt the transnational criminal network of counterfeit 
traffi cking in Southeast Asia. In keeping with Interpol’s model, the operation began 
with planning meetings, helping to establish the political will and an international 
agreement to share intelligence. The scope of the operation was also clear; it had a 
particular emphasis on antimalarials, anti-TB drugs, anti-HIV drugs, and antibiotics. 
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Next, Interpol hosted training  sessions for offi cials and personnel who would be 
participating in the operation. Collaboration extended beyond the public sector with 
buy-in from private facilities that could provide forensics analysis, such as the 
Health Science Authority Criminalistics Lab in Singapore. Pharmaceutical compa-
nies also offered additional intelligence and legitimate samples for comparison with 
counterfeits. This 5-month effort (April 15, 2008–September 15, 2008) was suc-
cessful (Table  7.1 ) as an effective model for international cooperation. Operation 
Storm resulted in development of subsequent ongoing operations, targeting the dis-
ruption of transnational criminal networks of counterfeit traffi cking in different 
parts of the world. Operation Mamba, in Eastern Africa, and Operation Cobra, in 
Western Africa, took similar systematic approaches to addressing this issue. 
Emerging from these successes was the creation of Operation Pangea, an annual 
week of action against the online sale of counterfeit pharmaceuticals. Small-scale 
alerts and large-scale programs, initiated by the private sector, have also been 
implemented to fi ght counterfeits. In 2002, Johnson & Johnson issued 200,000 let-
ters to healthcare workers in the United States alerting them to the presence of fake 
ProCrit (medicine to treat anemia) on the market [ 18 ]. Larger efforts have come 
from companies, including Pfi zer, Sanofi -Aventis, and Novartis, who have launched 
units dedicated to counterfeit detection and enforcement [ 35 ]. Working with inves-
tigators, police, the Secret Service, and customs, private companies have mobi-
lized an effort to gather information through monitoring the Internet, distribution, 
and sales.

       Communication/Public Awareness 

 Despite ongoing legislative efforts, drug counterfeiting continues to pose a serious 
public health threat, due to the public’s profound lack of awareness of this critical 
problem. A 2003 survey in Benin demonstrated that 86 % of people interviewed 

    Table 7.1    Operation Pangea successes [ 49 ,  66 ]   

 Results (no.) 
 Pangea II 
(2009) 

 Pangea III 
(2010) 

 Pangea IV 
(2011) 

 Countries involved  25  44  81 
 Websites identifi ed as performing illegal 
activities 

 1,200  822 

 Website shutdown  153  297  13,500 
 Packages inspected  21,200  278,000  45,500 
 Packages seized for with counterfeit 
medicines 

 2,356  11,349  8,000 

 Tablets seized  2,300,000  2,400,000 
 Suspects arrested or under investigation  59  87  55 
 Value of seized illegal or counterfeit 
medicines 

 US$6.77 million  US$6.3 million 
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thought medicines acquired from street vendors were of good quality [ 36 ]. A simi-
lar survey conducted in 2007 in a university setting in the United Arab Emirates and 
Tunisia revealed that approximately 50 % of students possessed some general 
knowledge about counterfeit medications. However, 93 % never considered the 
potential risk of purchasing counterfeits when fi lling prescriptions in the past [ 37 ]. 
Typically, when faced with a treatment failure, most consumers did not suspect 
counterfeit medication as the cause of the problem. 

 Thus, effective solutions for drug counterfeiting require risk communication, 
alerting the public to the potential dangers of counterfeit medications. Eliciting sup-
port from the media helps highlight this concern to the public. The target audience 
also requires education on how individuals can protect themselves from health risks 
associated with counterfeits. The ultimate goal is that these steps can change con-
sumers’ behaviors, so that procurement of medications is from a reliable source, 
such as an established pharmacy instead of an Internet vendor. 

 Several public awareness campaigns have been implemented to address this 
problem. In response to the 2003 Benin survey, a 9-month campaign was developed 
using primarily television and radio announcements to emphasize the dangers of the 
counterfeit drug market. In a follow-up survey, 90 % percent of respondents demon-
strated understanding of this public health issue. In addition, investigators observed 
a subsequent decrease in purchase of medications from illicit vendors, as public 
health facilities and pharmacies became the dominant sources [ 38 ]. A poster-based 
campaign developed for school children in Northern Africa heightened awareness 
with 61 % of 3,182 school children having reported seeing the posters. More impor-
tantly, these children recounted having a conversation with their parents about ille-
gal and counterfeit medicines [ 39 ]. 

 Since 1998, the Global Anti-Counterfeiting Network has sponsored an annual 
World Anti-Counterfeiting Day as a way to simultaneously involve different stake-
holders while attracting substantial media attention. In 2012, numerous countries, 
including Finland, France, and India, in collaboration with others, engaged in press 
releases, seminars, and open-forum discussions to curb drug counterfeiting [ 40 ]. In 
addition to promoting public awareness, these types of events elicit support from 
additional groups and may promote policies to achieve eradication of counterfeit 
pharmaceuticals. A global awards ceremony recognized organizations and individu-
als who had made exceptional contributions to the anticounterfeiting movement, 
further providing incentives to others to continue in their anticounterfeiting efforts. 

 With the rise of YouTube and widespread availability of the Internet, educa-
tional and promotional videos are a cost-effective means of spreading awareness 
about the problem of pharmaceutical counterfeiting. Numerous individuals and 
organizations have created documentaries on this topic, including the Global Fund 
to Fight AIDS video intended for Africans. In its production, the video beseeches 
Africans to “not be cheated and demand good medication” [ 41 ]. Other resources 
include IMPACT’s videos, which give a case scenario of someone dying from a 
counterfeit medicine [ 42 ], and mPedigree, which produced a documentary fi lmed 
in Africa called “If Symptoms Persist,” which suggests that consumers will con-
sider counterfeit medications if their treatments are ineffective [ 43 ,  44 ]. A YouTube 
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documentary entitled “Fake Medicines Mafi a in Europe” also promoted awareness 
of the drug counterfeiting problem [ 45 ]. Similarly, Interpol launched an advertising 
campaign online on YouTube, called “Don’t Be Your Own Killer” [ 42 ]. 

 Several toolkits, both online and in downloadable forms, have been developed to 
provide patients and health professionals with action steps when counterfeiting 
activity is suspected. The PSI, in partnership with the Partnership for Safe Medicines 
(PSM), has created several online tools, all with the goals of protecting and empow-
ering consumers and health professionals [ 46 ]. Their tools include e-mail alerts, tips 
for when one suspects counterfeiting, and links to legitimate online pharmacies and 
programs offering safe medications (Table  7.2 ). IMPACT has also created a BE 
AWARE Toolkit which provides basic education about drug counterfeiting, includ-
ing when to suspect or report it [ 42 ]. It includes downloadable FAQ sheets, sample 
reporting forms, posters and brochures, checklists for patient waiting rooms, and 
helpful ways to broach topic with patients.

   Promoting awareness should extend beyond just the end user or health profes-
sional and target those involved in policy decisions. In early 2012, PSM hosted a 
briefi ng on Capitol Hill entitled “The Continued Impact of Counterfeit Drugs in the 
United States.” The event was part of a series designed to both raise awareness and 
develop policies to address the problem of counterfeit medicines [ 42 ]. This was 
partly prompted by counterfeit Avastin, a chemotherapy agent recently infi ltrating 
the United States medical supply. PSM also hosts an annual Interchange Conference 
bringing together policymakers, pharmaceutical manufacturers, patient advocates, 
law enforcement, healthcare professionals, and anti-counterfeiting companies to 
discuss and solve this ever-growing issue [ 47 ]. PSM even has a Facebook page, 
publishing daily stories that highlight the global counter-feiting problem. 

 Information exchange on drug counterfeiting has been formalized in an attempt 
to streamline communication across national borders. In the Western Pacifi c Region, 
WHO created a Rapid Alert System, which is an electronic communication network 
involving representatives from numerous countries [ 48 ]. Alerts regarding suspected 
counterfeit activities are transmitted to the appropriate authorities. Once cases are con-
fi rmed, they are added to the WHO database for tracking and improved collaboration. 

   Table 7.2    Online resources   

 SafeMeds Alert 
System 

 A free e-mail service that relays counterfeit drug alerts issued by the 
FDA 

 SAFEDRUG 
Checklist 

 An 8-step guide to boost medicine safety; tips on what to do if you 
suspect something 

 Safe Savings  A guide to government- and industry-sponsored programs offering 
high-quality, safe medicines at reduced prices 

 VIPPS Pharmacies  A direct link to legitimate online pharmacies recommended by the FDA 
 SafeMeds Blog  An expert-led discussion forum on safe medicines 

   Source : Pharmaceutical Security Institute (  http://www.psi-inc.org/index.cfm    ) [ 46 ]  
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Ideally, this could develop into a resource that could be accessed by the entire global 
community—with a shared database of documented cases. IMPACT also created a 
“Model for a Network of Single Points of Contact” (SPOC), which also facilitates 
operational collaboration at national and international levels and enhances commu-
nication. This network has helped coordinate numerous large-scale operations, 
which were successful in stopping large groups of counterfeiting activities and mak-
ing numerous arrests. 

 Taking advantage of these networks, Operation Pangea provides a great example 
of how international collaboration in conjunction with clear communication can 
successfully curtail counterfeiting. This multiphase international campaign has 
focused its efforts on the sale of online counterfeit medicines. Web-crawling soft-
ware pinpointed suspicious websites worldwide, and as a result, the UK-based 
Medicines and Healthcare Products Regulatory Agency passed this information on 
to individual countries that researched the sites [ 49 ]. Designated SPOCs from each 
country reported daily activities, including closure of illegal websites, drug sei-
zures, and arrests to Interpol, which posted that information on a secure exchange 
that was linked to other customs agencies. Information was also passed on to PSI, 
which kept track of ongoing investigations (so as to not duplicate efforts), thereby 
creating another communication loop. 

 Meanwhile, Interpol coordinated press releases on seizures and arrests at the end 
of week. All involved parties agreed on an identical opening message and simulta-
neous press release, generating a burst of international media attention. After the 
fi rst phase in 2008, hundreds of newspaper and Internet articles picked up the story, 
and it was published in over 17 languages. Thus, the operation accrued a signifi cant 
amount of media attention, transforming Operation Pangea into a powerful public 
health message. Operation Pangea was followed by an international debriefi ng ses-
sion, allowing for feedback and ideas for future improvement. 

 Operation Pangea’s results are impressive. The fi rst phase, in 2008, was a 1-week 
event backed by the Permanent Forum on International Pharmaceutical Crime and 
Interpol and carried out in Australia, Canada, Ireland, Israel, Singapore, Switzerland, 
the United Kingdom, and the United States. The following year, Operation Pangea 
II expanded to 25 countries, with even broader involvement of police, customs 
agencies, and drug regulatory authorities simultaneously targeting Internet counter-
feiting activities within their individual jurisdictions. Over 1,200 websites partici-
pating in counterfeiting or other illegal activities were closed [ 49 ]. Now an 
established annual event, Operation Pangea continues to expand (Table  7.1 ). 
Overall, great collaboration and communication among different agencies in differ-
ent countries successfully fought against online counterfeiting and triggered a surge 
of media coverage. The international community was made aware of the public 
health hazards of counterfeit pharmaceuticals, with specifi c emphasis on hazards of 
purchasing medications from unreliable Internet sources.  
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    Technology 

 Lastly, attention needs to be paid to technological innovations impacting anti-
counterfeiting efforts. The technological savvy of individuals and corporations in 
the health fi eld is growing exponentially. Ideally, as awareness of drug counterfeit-
ing grows, the capacity for entrepreneurship, ingenuity, and technological innova-
tion can be successfully applied to this problem. The global market for 
anti-counterfeiting packaging technologies has signifi cantly increased, as more 
companies adopt sophisticated measures. Sales to food and drug industries 
amounted to US$59 billion in 2009, with a projected overall increase to US$74 
billion in 2015 [ 50 ]. 

 Technologic development should be conscious of both the cost and sustainability 
of project ideas in order to promote international compatibility. Ultimately, goals of 
anti-counterfeiting technologies include establishing the identity and authenticity of 
an item, thereby detecting counterfeits more easily and creating additional techno-
logical deterrents. 

 Anti-counterfeiting technologies can be broadly divided into authentication 
packaging technologies, both overt and covert, and track-and-trace technologies. As 
the name implies, overt technologies are easily visible by the naked eye. This 
includes marks as simple as the item’s brand name as well as holograms, thermo-
chromic inks, watermarks, or other security graphics [ 3 ]. These ideas have gener-
ated newer tamper-resistant technologies, such as HoloSeal™ or HoloCAP™, and 
apply the hologram idea to create security tapes and seals, thereby preventing the 
product from being adulterated or replaced. With any sort of tampering, a pill bottle 
cap may break a label and may convert to a void mark [ 51 ]. The visibility of these 
markings allows inspectors as well as end users to individually authenticate the 
item; however, this requires both awareness and education regarding the item’s 
expected appearance. Otherwise, simple counterfeits can fool the average user. 

 Increased use of these technologies has unfortunately increased the incentive for 
counterfeiting. Since these packaging components are visible, they need to be com-
plex and diffi cult to reproduce in order to deter imitations. This adds considerable 
cost to the development of overt technologies and does not eliminate the need for 
covert deterrents. 

 Unlike overt technologies, those that are covert require some form of equipment, 
for example, a special reader or chemical reaction, in order to establish a drug’s 
authenticity. Invisible inks, digital watermarks, laser coding, and chemical tags all 
constitute forms of covert anti-counterfeiting measures. Covert technologies are 
typically of little benefi t to consumers, since they will not even be aware of these 
markings, but rather are used at the manufacturing level. Once an outsider is aware 
of the covert technology, it loses its value, as these technologies are typically inex-
pensive and easy to copy [ 49 ]. Thus, strict secrecy is required. Initially proposed by 
one of the authors of this chapter (H.Z.) and presented at international meetings on 
counterfeits, the use of a cell phone to verify a code under a scratch-off label has 
been implemented by innovators in Africa [ 52 ]. Subsequently, in Ghana, a start-up 
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company called mPedigree worked with drug manufacturers and mobile phone 
companies to establish a mobile authentication system that empowered consumers 
to participate in the authentication process [ 43 ,  44 ]. Prior to distribution, manufac-
turers affi x a scratch sticker to drug packaging (Fig.  7.4 ). When a consumer pur-
chases that drug, he/she can simply scratch the panel to reveal a unique code. 
Texting this code, toll-free, to a designated data center prompts a quick response 
that proves or disproves the legitimacy of the product. The company has now grown 
considerably, receiving increased funding and expanding into Nigeria, with future 
plans for Kenya and possibly India [ 53 ]. This strategy, while not foolproof, is an 
example of an extremely accessible and consumer-friendly product that avoids the 
high costs of many other technologies.  

 Another authentication technology, ProteXXion ® , uses the actual surface of the 
pill or drug packaging without any added markings to create a unique identifi er. 
Lasers scan the item to create a biometric fi ngerprint; the item can then be re-
scanned using a portable handheld scanner and the results compared. Non-identical 
images would indicate tampering with either the package or the drug itself [ 54 ,  55 ]. 

 Forensic technologies require even more expertise and equipment. At the pro-
duction level, microscopic or chemical tags can be added to a drug compound itself 
instead of using packaging markers. For example, radioisotopes, DNA tags, or pho-
tonic inks that emit unique wavelengths of light can be incorporated into the drug 
for identifi cation purposes [ 49 ,  56 ]. More commonly, forensic technologies are 
applied to drug analysis in order to measure the potency of a drug’s active ingredi-
ents and detect the presence of contaminants. For example, testing of antimalarial 
pharmaceuticals in Southeast Asia in 2001 demonstrated that 38 % lacked the active 
ingredient artesunate [ 57 ]. Similarly, a recent batch of Adderall (to treat 
 attention- defi cit disorder) sold over the Internet contained none of its intended 
active ingredients; these had instead been replaced with the painkiller tramadol [ 58 ]. 

 Raman spectroscopy, one means of analysis, can noninvasively and nondestruc-
tively authenticate pharmaceutical products with high chemical specifi city and 
accuracy [ 59 ]. The technology can penetrate pill capsules, bubble packaging, and 
plastic containers to establish a drug’s chemical makeup. This technology has been 

  Fig. 7.4    A consumer 
scratches the panel on his 
medication to determine if it 
is genuine [ 43 ]       
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applied to bottles of aspirin and antimalarials and is being developed as a handheld 
Raman analyzer [ 59 ]. Other handheld devices include portable ion mobility spec-
trometers that target drug analysis efforts. This technology is capable of screening 
large batches of pharmaceuticals and indicating which medications need further 
in-depth lab analysis. These methods have recently been applied to screening of 
dietary supplements, some of which have been found to contain excess amounts of 
sibutramine, an appetite suppressant, or sildenafi l, an erectile dysfunction drug [ 60 ].   

    Limits of Anti-Counterfeiting Technology 

 While these high-tech strategies can establish a drug’s authenticity with great chem-
ical accuracy, they can be prohibitively expensive and require adequate laboratory 
infrastructure, including considerable human resources. Furthermore, many of the 
technologies are patented, which limits their availability globally. It can be very 
diffi cult for low-income countries to test their pharmaceuticals on a national scale. 
In response to the expense and technical capacity required to perform drug-quality 
monitoring, Global Pharma Health Fund (GPHF) developed inexpensive fi eld test 
kits designated at GPHF-Minilabs, which could be used outside of a laboratory. 
More than 500 Minilabs have been supplied across 80 countries, with an emphasis 
on countries where tuberculosis, AIDS, and malaria are endemic [ 61 ]. 

 Typically, product packaging authentication is combined with tracking and trac-
ing technologies. 2D bar codes or serialization has been used primarily, which 
allows a batch of pharmaceuticals to be tracked through the supply chain. While not 
hidden, track-and-trace technologies identify the source of the pharmaceuticals, 
manufacturing data, product lot, and so forth, with the goal of preventing infi ltration 
of the supply pathway. These simpler technologies have predominated, due to lower 
cost, complexity issues, and greater availability. Still, they require a central database 
which can be problematic in terms of ownership and management as the supply 
chain becomes increasingly global. 

 A newer but more costly technology, radio-frequency identifi cation (RFID), uses 
a microchip imbedded in drug packaging to track pharmaceuticals wirelessly at the 
batch or item level [ 62 ]. RFID applications in the anti-counterfeiting realm are 
promising, because they allow for real-time, automatic e-documentation of pharma-
ceuticals. Tracking a product through the system using RFID would involve the 
following format: manufacturers include RFID tags into product and packaging 
materials; they release the tag number as a product identifi er; various supply chain 
members and the retailer accept items only if they have a valid and plausible elec-
tronic  pedigree; and the consumer uses an RFID-enabled mobile phone to ensure a 
drug is not counterfeit before purchasing it [ 63 ]. Databases have programs to spot 
duplicate sales or transactions, unreasonable transfers, or any other suspicious 
activity. Pressure from the FDA for an electronic tracking system has prompted 
many  pharmaceutical companies to adopt RFID technology, but only in a piecemeal 
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fashion for scheduled medications or a specifi c class of medication [ 64 ]. 
Unfortunately, attempts to standardize this in the United States have been unsuc-
cessful, as legislation failed to pass [ 64 ]. 

 Certainly, RFID technology offers easier identifi cation, improved accuracy, and 
greater effi ciency compared to bar codes [ 64 ]. Plus, the encryption of RFID tags 
makes counterfeiting diffi cult [ 62 ]. However, this sophistication comes at high cost, 
with estimates of US 20–50 cents per tag compared to US 2 cents for a 2D bar code 
[ 63 ]. Also, it is expensive to establish the necessary infrastructure, because all mem-
bers of the supply chain would have to invest in compatible technology in order to 
successfully collect and share information about product movement [ 64 ]. Lastly, the 
RFID device could possibly be linked to personal information at the consumer or 
corporate level, prompting privacy concerns [ 64 ].  

    Conclusion 

 The issue of counterfeit medicines remains a major public health crisis in many 
regions across the globe, primarily in the developing world, but even in industrial-
ized nations. Involving all types of pharmaceuticals—antibiotics, hormones, cancer 
therapies, vaccines, and antivirals, to name a few—the challenge for healthcare 
providers, public policy experts, manufacturers, and the consumer is to identify a 
workable collaborative strategy to combat this impending epidemic. As a multifac-
eted global problem, it requires the participation of all relevant stakeholders. To 
fi gure out the intricacies of such solutions, there must be frank exchanges, steadfast 
will, effective partnerships, and creative solutions. Efforts on the part of WHO and 
others to bring together key players has led to partnerships between the public and 
private sectors as well as increased visibility for an issue once perceived as more 
hype than fact. 

 Recently, ongoing debate has centered on the defi nitions of counterfeit, substan-
dard, and falsifi ed medicines. Despite efforts by leading organizations, including 
WHO and Institute of Medicine, to provide clarity on the terms, there remains the 
pragmatic issue of how the public health community tackles a growing scourge of 
bad medicines seeping their way into the pharmaceutical supply chain worldwide. 
Ultimately, these counterfeit or substandard medicines reach the hands and mouths 
of infi rmed people on all continents. It has been the charge of public health special-
ists including those at FDA, European Medicines Agency, WHO, Interpol, World 
Customs Agency, PSI, Organization for Economic Co-operation and Development, 
International Federation of Pharmaceutical Manufacturers & Associations, and in 
Ministries of Health to develop the  necessary fail-safe measures. Undertaking this 
task has also required the work of those within brand and generic companies, civil 
society, and foundations focused on global health. 

 Counterfeit drug traffi cking is a $75 billion industry and tailors its products 
to the victim’s needs. These statistics represent a 90 % increase in 5 years in 
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 worldwide sales. For example, in developing nations, counterfeiters focus on thera-
pies for life-threatening conditions, such as malaria, tuberculosis, and HIV/AIDS. In 
industrialized nations, the attention is on the Internet sites providing lifestyle medi-
cations and steroids, which account for $14 billion in sales in Europe alone. WHO’s 
International Medical Products Anti-Counterfeiting Taskforce (IMPACT) centered 
its efforts on fi ve areas: legislation, regulation, enforcement, technology, and com-
munication. Alliances between and among critical stakeholders have resulted in 
increased public awareness, effective regulatory strategies, harsher penalties, and 
creative technologies. 

 Overall, when considering new technologies to combat counterfeiting, these 
technologies should be developed and implemented in such a way as to be aligned 
with the various regulatory agencies, pharmaceutical groups, and other aspects of 
the industry to cohesively address this problem [ 65 ]. Key stakeholders should dis-
cuss ongoing issues, such as improving technological compatibility and legislation 
that addresses electronic tracking systems. Developed countries should continue to 
share their expertise and results with countries that lack sophisticated technologies. 
They must continue development and enhancement of low-cost technologies, as 
many lower-income countries are still dependent on those methods [ 65 ]. 

 Urbanization has contributed to a rise in sales of counterfeit medications. With 
an estimated 50 % of people living in urban areas and an anticipated rise to 70 % by 
2050, the health risks and new hazards from this population redistribution are nota-
ble. Chronic respiratory ailments, rapid spread of contagious infectious diseases, 
limited resources resulting in unsanitary conditions, physical inactivity contributing 
to obesity, and increased environmental pollutants will all result in an increased 
need for medical attention, with a shrinking pool of available health professionals. 
Inevitably, illnesses and injuries will require pharmaceutical products. With one in 
three urban dwellers living in slums (one billion people), limited access to quality 
health care, no fi nancial resources for the purchase of effective medications, and 
inadequate supplies, it is conceivable that the urban environment is ripe for the sale 
of counterfeit medications. 

 An infl ux of people to the urban setting, coupled with increased birth rates, pro-
vides the foundation for overcrowding and an overburdened health system. Unable 
to receive adequate health care in this burgeoning populace, the poor will be subject 
to charlatans who sell their pharmaceutical wares promising treatment for ailments. 
Absent adequate and accurate health information about the counterfeit drug trade, a 
patient’s condition will likely not improve and possibly deteriorate to the point of 
death. Combating drug counterfeiting must be comprehensive. As noted in this 
chapter, the problem of fake pharmaceuticals is of international concern. First, to 
achieve a strong hold on criminals involved in counterfeiting, stakeholders must 
reach consensus on defi nition of terms. Moreover, the public health community 
must come together on strategies for implementing changes regarding legislation, 
regulation, enforcement, technology, and communication, as they relate to counter-
feit pharmaceutical products.     
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            Introduction 

 Noise exposure is an environmental hazard that has been linked to a variety of health 
effects, including hearing loss, cardiovascular damage, learning defi cits, and sleep 
disturbance. While occupational noise has been the focus of much literature, the 
adverse effects of community noise exposure are becoming more prevalent and 
should be emphasized as a growing public health concern [ 1 – 3 ]. According to the 
World Health Organization (WHO), noise is the presence of unwanted sound. The 
sources of community noise include all sources outside of the workplace, including 
road, rail, air traffi c, and construction [ 4 ]. Noise pollution involves large-scale, 
cumulative health effects and is felt globally, both in developed and developing 
nations [ 5 – 7 ]. In the 1970s, the US Environmental Protection Agency (EPA) studied 
how noise levels increase with population (Fig.  8.1 ). This data suggests that urban 
noise problems will continue to grow with increasing population density [ 8 ].  

 To quantify noise pollution, intensity is measured on a logarithmic scale in deci-
bel (dB) units. A 10 dB increase in noise is perceived as a doubling of noise [ 7 ,  8 ]. 
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Environmental noise exposure assessments often use an A-weighted dB(A) scale, a 
fi lter weighted toward frequencies to which the human ear is most sensitive [ 4 ,  9 ]. 
As examples, the sound level of a whisper is 30 dB(A), while the sound of a gunshot 
can measure up to 140 dB(A) [ 7 ]. 

 In order to protect people from the effects of noise exposure, WHO guidelines 
suggest that outdoor noise levels not exceed an average of 55 dB(A) in daytime or 
45 dB(A) in nighttime [ 4 ]. Despite these guidelines, many people around the world 
experience much greater noise levels. One in three European Union residents, for 
example, are exposed to nighttime noise levels over 55 dB(A), a level suffi cient to 
produce signifi cant sleep disturbance and impaired physiological functions [ 4 ]. 
Average nighttime noise levels in residential neighborhoods in India range from 54 
to 79 dB(A), and in Ilorin, Nigeria, from 44 to 66 dB(A) [ 10 ,  11 ]. Average noise 
levels in Karachi, Pakistan, exceed 66 dB(A) at all hours of the day with maximum 
measured levels reaching 100 dB(A) [ 12 ]. 

 While noise pollution is prevalent in many areas of the world, the greatest envi-
ronmental risk exposure is associated with low-income areas. Exposure to commu-
nity noise is understood to be inversely correlated with socioeconomic status (SES) 
[ 8 ]. Data from the Urban Noise Survey of major US metropolitan areas showed an 
inverse correlation between income and 24-hour sound level exposure. The study 

  Fig. 8.1    Day/night average 
sound level as a function of 
population density. Salter, 
Charles, et al. ACOUSTICS: 
Architecture, Engineering, 
the Environment. San 
Francisco, California: 
William Stout Publishers, 
1998       
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 indicated that those with income levels below US$10,000 experienced noise 
 exposure levels approximately twice as loud as those with income levels above 
US$20,000 [ 13 ]. Lower SES is associated with diminished environmental quality 
that includes residential crowding, proximity to highways, and homes with less 
noise insulation. These factors increase an individual’s exposure to noise pollution, 
which in turn increases the risk for associated adverse health effects [ 8 ,  14 ]. 

 The differences in noise exposure and subsequent health consequences between 
the rich and poor highlight the need for targeted and contextual noise exposure stud-
ies and strategies. Promising interventions have been developed to mitigate com-
munity noise exposure, such as comprehensive noise assessments, alternative road 
pavement, noise barriers, and airport curfew systems [ 15 – 17 ]. These alleviation 
strategies, however, have been employed largely in developed countries, such as the 
UK, Australia, and the USA. With increasing crowding and urbanization in the 
developing world, exposure to community noise is on the rise, and the need for 
appropriate strategies is becoming ever more important. 

 This chapter will provide an overview of the sources of noise, followed by a 
description of the associated health effects. The chapter will then summarize the 
strategies and interventions that exist across the globe to reduce noise exposure, 
especially in urban areas. Interventions from the developed world can be utilized as 
a blueprint for cost-effective and successful interventions in low resource settings 
around the world.  

    Sources of Noise 

    Road Traffi c 

 Road traffi c noise is the most common source of community noise [ 4 ,  18 ]. It is pro-
duced primarily by running car engines, car horns, and the tires rolling on road 
surfaces. The level of noise depends on factors such as speed and road composition. 
At low speeds, most noise comes from the engine and exhaust, while at high speeds, 
most noise emanates from the wheels on the pavement. A doubling of traffi c corre-
sponds to a 3-dB(A) increase in noise [ 16 ]. Roads with a volume of more than 
100,000 vehicles over a 24-hour period can cause sound levels that exceed 40 dB(A) 
in a 4-km-wide corridor [ 19 ].  

    Aircraft 

 Aircraft-related noise is another signifi cant source of community noise. Most noise 
is produced during takeoff and landings. Larger and older aircrafts with turbojets 
produce the most noise. With the advent of new technologies, many modern air-
crafts use quieter fans and engines to mitigate the severity of noise production [ 16 ].  
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    Railroad 

 Railroad noise includes noise from the operation of train horns and bells, the 
mechanical sound of wheels rolling along the tracks, and the sound of the locomo-
tive engine. Train noise increases with increasing speed, and speeds exceeding 
250 km/h can sound as loud as an aircraft [ 4 ]. Rail activity also causes ground vibra-
tion, which causes a low-frequency rumbling noise [ 16 ]. Sound level, number of 
trains, and the vibration produced by rail traffi c contribute to noise perception [ 20 ].  

    Construction 

 Construction noise is most prevalent in urban areas. Common sources are bulldoz-
ers, compressors, trucks, and pile drivers [ 21 ,  22 ]. Although the construction work 
may not last long, the disturbance often affects people who live or work in the vicin-
ity of the construction site. A selection of commonly used construction tools and 
their associated noise levels are listed in Table  8.1 .

       Miscellaneous 

 Toys, air conditioners, vacuum cleaners, blenders, and other household appliances 
all contribute to daily noise exposure. A 2013 study from the USA assessed sounds 
emitted by a variety of popular children’s toys and found that the toys produced an 
average sound level of 108 dB(A) when placed at the ear and 83 dB(A) at a distance 
of 25 cm [ 23 ]. This data suggests that many toys have noise levels that exceed 
guidelines and put children at risk for noise-related hearing loss. 

 Figure  8.2  shows the myriad noise sources in a residential building, including 
aircraft and road traffi c, machinery noise, and noise intrusion from neighbors.    

 Equipment 
 Typical noise level (dB(A)) 
50 ft from source 

 Air compressor  81 
 Impact pile driver  95 
 Concrete mixer  85 
 Crane, mobile  83 
 Jack hammer  88 
 Rock drill  98 
 Saw  76 

  Table 8.1    Noise levels of construction equipment [ 21 ,  22 ]  
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    Health Effects of Noise Pollution 

    Noise-Related Hearing Impairment and Loss 

 Hearing impairment and permanent hearing loss can result from noise exposure 
above recommended levels, with the probability of impairment increasing with 
exposure time and noise level. The World Health Organization (WHO) recommends 
that peak sound levels from impulse noise never exceed 140 dB(A) to avoid hearing 
problems [ 4 ]. The United States Environmental Protection Agency (US EPA) iden-
tifi es a 24-hour average exposure level of 70 dB(A) as the threshold to prevent 
permanent hearing loss [ 24 ]. 

 Despite these guidelines, individuals routinely experience much higher levels of 
noise, especially in urban areas [ 12 ]. Prolonged exposure to sound over 85 dB(A) is the 
leading cause of hearing loss after age-related loss and the most prevalent and prevent-
able occupational hazard [ 4 ,  25 – 27 ]. A 2013 Italian study found a signifi cant decline in 
the ability to hear mid-range frequencies common in regular speech and conversation 
among outdoor workers when compared to their indoor counterparts [ 27 ]. 

  Fig. 8.2    Sources of residential noise exposure       
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 Noise-induced hearing impairment or loss often occurs from chronic 
 environmental noise. Hearing impairment or loss can also arise after a single 
 exposure to high sound levels, which cause direct mechanical damage to the 
cochlear hair cells [ 26 – 28 ].  

    Annoyance 

 Annoyance is an emotional state associated with feelings of discomfort, anger, anxi-
ety, and helplessness [ 4 ]. It is the most common effect of noise exposure and most 
frequently studied metric in noise exposure assessments [ 18 ,  29 ,  91 ]. Many factors 
infl uence noise annoyance, such as age, stress level, noise sensitivity, and the type 
of noise source [ 30 ]. Children, the elderly, and people with preexisting illness, such 
as depression, are especially vulnerable [ 31 ]. 

 Epidemiologic evidence suggests that annoyance may be a mediator of noise- 
induced health problems like cardiovascular disease and impaired cognitive func-
tioning [ 4 ,  32 ]. A recent study demonstrated increased levels of annoyance with 
chronic aircraft noise exposure in school-age children in the UK, and similar fi nd-
ings were found elsewhere in the UK, Taiwan, and Germany [ 33 – 36 ]. A longitudi-
nal prospective study from South Africa examined a cohort of 732 children exposed 
to different noise levels. The fi ndings revealed that children exposed to chronic 
aircraft noise experienced signifi cantly higher annoyance and subsequent impaired 
cognitive functioning [ 37 ].  

    Sleep Disturbance 

 Sleep disturbance is a signifi cant burden of community noise and can lead to impaired 
physiological and mental functioning [ 38 ,  39 ]. Conservative estimates suggest a total 
of 903,000 disability-adjusted life years lost from noise-induced sleep disturbance in 
populations of the European Union living in towns of more than 250,000 inhabitants 
[ 40 ]. Similar to annoyance, evidence suggests that sleep disturbance is a connector 
between noise exposure and health problems, such as cardiovascular disease. 

 For restful sleep, some guidelines suggest that noise exposure levels should not 
exceed 45 dB(A) more than 10–15 times a night [ 41 ]. Lower nighttime noise levels, 
between 30 and 40 dB(A), may also cause sleep disturbances if they are experienced 
for prolonged periods of time [ 38 ]. The primary effects of sleep disturbance include 
problems falling asleep, alterations of sleep stages, and multiple awakenings during 
the night [ 38 ]. While asleep, physiological effects due to noise include increased 
blood pressure, heart rate, fi nger pulse amplitude, vasoconstriction, changes in res-
piration, cardiac arrhythmia, and increased body movements [ 31 ,  38 ,  42 ]. After a 
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poor night’s sleep, the secondary effects often involve fatigue, diminished mood or 
well-being, and decreased functionality, all of which can lead to more  serious health 
problems, including mental illness and cardiovascular disease [ 38 ].  

    Cardiovascular Effects 

 The auditory system is directly linked to the autonomic nervous and endocrine 
 systems. Noise exposure can generate a biological response with physiological 
changes such as increased blood pressure, increased heart rate, and vasoconstriction 
[ 18 ,  43 ,  44 ]. For example, data from a US study, showed an average increase of 
3 beats per minute (bpm) for each 10 % increase in exposure time to peak noise 
[ 44 ]. A cross- sectional UK study confi rmed adverse effects from aircraft noise on 
blood pressure in 9–10-year-olds [ 34 ]. 

 In the long run, chronic noise can disrupt the homeostasis of an individual and 
cause an imbalance in the stress regulating mechanism, increasing an individual’s 
risk for hypertension and ischemic heart disease [ 18 ,  45 ,  46 ]. WHO states that expo-
sure to average nighttime noise levels above 55 dB(A) over the course of 1 year 
increases the risk for developing cardiovascular disease [ 38 ]. A supporting study 
from Germany comparing men exposed to traffi c noise levels over 70 dB(A) to men 
exposed to levels less than or equal to 60 dB(A) found an association between expo-
sure to high levels of noise and the risk of myocardial infarction (MI) [ 45 ]. 

 A study from the Department of Environmental Health in Germany found that 
noise annoyance is positively associated with the risk of arterial hypertension [ 47 ]. 
Coordinated by the WHO in eight European cities, the Large Analysis and Review 
of European Housing and Health Status (LARES) study also confi rmed the associa-
tion between hypertension and other cardiovascular symptoms and chronic annoy-
ance from traffi c noise [ 48 ].  

    Effects on Cognition 

 Numerous studies have demonstrated the negative effects of noise on reading, atten-
tion, memorization, and problem solving [ 20 ,  46 ,  49 – 51 ]. Exposure to high levels 
of noise during the critical years of schooling could potentially disrupt longer-term 
development. 

 Studies from the USA and the UK have examined noise in schools and the result-
ing effects on children. For example, school children’s ability to proofread and their 
level of persistence with challenging puzzles decreased with exposure to aircraft 
noise [ 50 ]. Impaired reading comprehension and recognition memory in school-age 
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children have also been associated with exposure to high levels of noise [ 49 ,  51 ]. 
Another study found that children in a classroom exposed to high levels of railway 
noise lagged 3–4 months behind in reading age compared to a classroom with lower 
noise levels [ 52 ]. 

 Figure  8.3  is a cartoon indicting the signifi cant impact that can occur on people 
living in poorly isolated homes near airports.   

    Strategies to Reduce Community Noise 

 In order to address the aforementioned health effects of noise exposure, strategies 
and tools are necessary and should include comprehensive noise assessment and 
 mapping, creative design and engineering, and rules and regulations.  

 Management programs for noise control should be guided by these principles:

•    Increased noise emissions may be permitted if there are no adverse effects or 
noise standards are not exceeded.  

•   Action should be taken to mitigate noise if adverse health effects are demon-
strated or when noise levels exceed limits.  

•   The best available technology that does not involve excessive costs should be 
utilized.    

 This section will summarize several strategies that have been implemented in 
developed countries, including the USA, Germany, Sweden, and Hong Kong. 

  Fig. 8.3    Residential noise impact       
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Various  factors should be considered when evaluating the viability of noise abate-
ment options. Given the resources of the region, the selected option must be techni-
cally and fi nancially practical. 

    Noise Assessment 

 Evidence-based noise control recommendations and guidelines require data-driven 
noise risk assessments that evaluate hazards, population exposure, and appropriate 
exposure–response relations. Noise exposure mapping is a tool to help guide and 
optimize noise abatement policies [ 16 ]. Noise exposure maps show the total number 
of people living in areas exposed to noise from railways, airports, roads, and indus-
try [ 53 ]. A good example is the noise exposure map launched by the European 
Environment Agency (EEA) in 2011, which underscores the extent to which 
European citizens are exposed to high levels of noise pollution [ 54 ]. 

 Noise mapping can be expensive and require numerous resources. Alternatives 
to traditional noise mapping have found some success. For example, a 2013 study 
from Serbia on blood pressure and noise levels successfully used public transporta-
tion maps as proxy indicators of noise exposure [ 55 ]. By matching children’s 
addresses with transport maps, the study avoided subjective measures of traffi c lev-
els, e.g., surveys, as well as the expense and resources required for more traditional 
noise assessments. 

 A variety of noise metrics are used in exposure assessments according to the type 
of noise and outcome assessed. Averaging the sound level over a specifi ed period of 
time is the most common method to quantify noise pollution. The equivalent sound 
level ( L  eq ) is the descriptor for this average. European Union WHO guidelines sug-
gest using  L  night  to assess sleep disturbance and  L  den  to assess annoyance [ 16 ].  L  dn  is 
used to produce a combined average 24-hour day–night noise exposure level. For 
example, the  L  dn  levels vary from 67 to 89 dB(A) in Asansol City, India [ 56 ] 
(Table  8.2 ).

   Table 8.2    Common noise exposure metrics [ 18 ,  20 ,  57 ]   

 Metric  Description 

  L  den    •  Average day–evening–night long-term noise level 
  •   L  day  = 0700–1900,  L  evening  = 1900–2300,  L  night  = 2300–0700 
  •  A 5-dB(A) penalty is applied to  L  evening  and a 10-dB(A) penalty is applied to  L  night  

to refl ect greater noise sensitivity during these time periods 
  L  night    •  Average A-weighted nighttime long-term noise level 

  •   L  night  = 2300–0700 
  •  No added weighting 

  L  dn    •  Average A-weighted day–night long-term noise level 
  •   L  day  = 0700–2300,  L  night  = 2300–0700 
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    San Francisco Noise Control Initiative: Innovations in Model 
Generation for Noise Planning Purposes 

 * See Appendix for full case study.  
 Regulations were introduced into the California Building Code in 1974, 

requiring multifamily residential buildings to be constructed such that living 
spaces were acoustically protected if the site was exposed to noise levels 
greater than 60 dB. To identify noise-impacted areas, the San Francisco 
adopted a basic noise map. Over the years, an increasing number of noise 
complaints prompted a remapping project, the fi rst step of a larger program to 
address urban noise in San Francisco. 

 Much of the modeling is founded on data developed through the San 
Francisco Chained Activity Modeling Process (CHAMP), an activity-based 
model used to predict future travel patterns for the city. Data was analyzed in 
a fi ne-grained 3D model of the city and included consideration of topography 
and urban development. An example of this noise mapping is shown below. 
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         Source Interventions 

    Road Traffi c 

 The most effective ways of lessening traffi c noise are reducing the number of vehi-
cles and making the vehicles quieter [ 15 ]. Promoting public transport can reduce 
traffi c volumes. Better design of individual vehicles is imperative for maximum 
effectiveness in noise management [ 15 ]. 

 In addition, the type of road surface can contribute signifi cantly to traffi c noise. 
Alternative road surfacing has been utilized to reduce road traffi c noise at the source 
[ 15 ]. Porous asphalt is considered the quietest road surface and is an approved road 
surfacing in the UK [ 58 ]. Despite the acoustical benefi ts of porous asphalt, it is very 
expensive, and the risk for degradation and failure is higher than other surfaces. 
Stone mastic asphalt (SMA), another alternate road surface, reduces tire noise and 
is used in several European countries, including Germany and the Netherlands [ 58 ]. 
Like porous asphalt, however, studies indicate that it is signifi cantly more expensive 
than the traditional asphalt concrete mixtures [ 59 ]. 

 Rubberized asphalt pavement (ARFC), a mixture of recycled used tires and tra-
ditional asphalt, is a more promising approach in terms of cost and longevity in 
reducing road noise. Studies in Europe and Arizona have shown reductions in noise 
levels after resurfacing with ARFC by 3–5 dB(A) compared to traditional asphalt 
roads and by 6–12 dB(A) compared to concrete roads [ 60 ,  61 ].  

    Aircraft 

 With the advent of extensive commercial jet traffi c, there has been an international 
effort to reduce aircraft noise emissions. The Federal Aviation Administration (FAA) 
adopted the Aviation Noise Abatement Policy (ANAP) in 1976, which spurred con-
tinual efforts over the past decades to reduce aircraft noise [ 60 ]. The federal noise 
abatement policy was a comprehensive effort to reduce aircraft noise and its effects 
[ 62 ]. It emphasized noise reduction at the source, requiring that older aircrafts with 
noisy four-engine jets be replaced by newer, quieter models [ 62 ]. Between 1976 and 
2000, the FAA estimated that the number of Americans exposed to aircraft noise 
levels above 65 dB(A) ( L  dn ) dropped from 6–7 million to 500,000 [ 62 ]. 

 While aircrafts are quieter, the number of fl ights has grown substantially. Airport 
curfews have been successful in reducing noise exposure in different cities. 
Heathrow Airport in the UK, for instance, utilizes a night fl ight plan set by the 
Department of Transport (DoT) with a Quota Count (QC) system. Each aircraft is 
categorized by noise level separately on takeoff and landing, with higher QC ratings 
corresponding to noisier aircrafts [ 17 ]. QC ratings are additive and count against the 
airports allotted maximum night noise quota. The night fl ight restrictions are 
reviewed every 5 years, and alterations are made based on new evidence, new tech-
nologies, and new data on noise management [ 17 ,  63 ]. 

 In Sydney, Australia, airport curfew systems have been in place since 1995. The 
Sydney Airport Curfew Act established a curfew period from 11:00 pm to 6:00 am 
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during which an aircraft cannot take off or land unless it is an international or freight 
aircraft or an aircraft that complies with noise standards [ 64 ].  

    Trains 

 In the US, the Department of Transportation Federal Railroad Administration’s 
Quiet Zone program offers communities relief from railroad noise by designat-
ing quiet zones. A quiet zone is “a section of rail line at least one half mile in 
length that contains one or more consecutive public highway rail grade crossings 
at which locomotive horns are not routinely sounded” [ 65 ]. According to the US 
Department of Transportation, there are 549 quiet zones in the US. In Texas 
alone, there are 86 designated quiet zones in cities and towns throughout the 
state [ 65 ]. 

 Modern high-speed trains (HSTs) are a promising alternative to conventional 
passenger and freight trains in terms of noise reduction. Although HSTs may pro-
duce some increased noise due to their increased speed, electrical power is quieter 
than diesel engines of conventional trains, and the noise impact is reduced because 
of the shortened duration of passby [ 66 ,  67 ].  

    Construction 

 Efforts to reduce construction noise include regulating work during nighttime 
hours and creating quieter machines. Using electrically-powered machinery instead 
of diesel engine- powered machinery makes construction noise quieter [ 22 ]. 
Alternatives to certain tools and operations can also provide some relief from con-
struction noise. For example, vibration or hydraulic insertion methods may pro-
duce less noise than pile driving [ 22 ]. 

 Noise-reducing additions to equipment, such as muffl ers, sound aprons, noise 
absorptive mats, and sound enclosures for stationary machinery, are also options to 
reduce community noise exposure [ 22 ]. Muffl er systems can reduce noise from the 
internal combustion engine of construction machinery, often the loudest part of the 
equipment [ 22 ]. Maintenance, replacement of old equipment, and lubrication of 
component parts are also important components of a construction noise reduction 
strategy [ 22 ].   

    Pathway Interventions 

 The following are examples of esthetically acceptable sound barriers around the 
world to control noise. 
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    Barriers/Berms 

      

    [ 67 ]  Vienna, Austria  
  Steel highway noise barrier 

     

    [ 67 ]  Copenhagen, Denmark  
  Steel and glass barrier 

8 Community Noise, Urbanization, and Global Health…



178

     

    [ 67 ]  Paris, France  
  Glass and brick noise barrier 

     

    [ 68 ]  Hong Kong, China  
  8 - m - vertical transparent glass panels  
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 Noise barriers can shield buildings, residences, and public spaces from excessive 
noise [ 16 ]. Steel, aluminum, concrete, glass fi ber reinforced concrete, and land-
scaped earth berms are the most common materials used for barriers. The effective-
ness of the barrier depends on shape, construction material, height, and distance 
from the noise source [ 16 ]. 

 Barriers built between the source and receiver to reduce the impact of noise from 
existing roads and highways have been successful in multiple settings, reducing 
noise level by 10–15 dB(A) [ 16 ,  60 ,  69 ]. Noise annoyance among residents living 
within 150 meters of the road, as assessed by a survey questionnaire on a numerical 
scale, decreased from 64 % in 1976 to 34 % in 1988 after construction of noise bar-
riers along four major highway routes in Germany [ 69 ]. A similar study in Sweden 
confi rmed a reduction in reported annoyance from household residents within 
100 meters from the road where a 2.25-meter high noise barrier was constructed 
[ 70 ]. In Ohio, noise barriers along an interstate highway reduced noise levels by up 
to 11 dB(A), and residents living next to the highway reported an improved quality 
of life [ 71 ]. 

 Despite the acoustical benefi ts, noise barriers can be expensive to build and 
install. Material is the largest cost factor. Experience in Milwaukee, Wisconsin, has 
shown metal barriers to be the least expensive material for man-made barriers at 
$1.2 million per mile. Concrete has a unit cost nearly 65 % higher [ 72 ]. Washington 
State Department of Transportation estimates average construction costs at $53 per 
square foot [ 73 ]. Earth berms are made with available earth, and generally minimize 
capital costs but require more space than man-made barriers [ 73 ].  

    Land Use Planning 

 Land use planning helps reduce noise exposure by placing “noise-compatible” 
structures (such as parking garages and commercial shopping centers) closer to 
noise sources and noise-sensitive structures (such as residences) further away [ 68 , 
 74 ]. Suffi cient distances between residential areas and airports can minimize noise 
exposure. Additionally, ensuring availability of green space in urban areas may 
help alleviate noise-induced stress. Studies from Sweden have found that access to 
green space results in residents being signifi cantly less annoyed in response to road 
traffi c noise [ 75 ,  76 ].   

    Receiver Intervention 

    Façade Alteration 

 Façade insulation, such as noise-reducing windows and doors, can be used if the 
source or pathway interventions do not suffi ciently reduce noise. Exterior win-
dows, doors, and walls are the main surfaces that reduce sound intrusion. However, 
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ventilation openings can be a path for intruding noise and should be carefully eval-
uated to appropriately mitigate both intake and discharges. Double- or triple-pane 
glass windows have noise reduction characteristics. Cheaper alternatives include 
interior or exterior glass sashes and noise-reducing interior vinyl curtains [ 22 ]. In 
Norway, a study found an average reduction of 7 dB inside dwellings with façade 
insulation, and the percentage of residents annoyed by noise dropped from 42 to 
16 % [ 77 ]. 

 Internally lining ducts in ventilation systems, may reduce noise impact indoors 
by acting as a sound-absorbing surface within air ducts. This process transforms 
noise energy into heat [ 16 ,  78 ]. 

 Figure  8.4  shows a noise reduction of 20 dB(A) with the addition of an acousti-
cally rated window.   

  Fig. 8.4    Traffi c noise exposure reduction with acoustically rated window       
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    Design 

 Creative design strategies that place noise resistive portions of an offi ce building or 
residence facing toward the source of signifi cant noise should be considered to 
reduce noise exposure [ 74 ]. In Hong Kong, for example, some residential buildings 
are constructed with corridors, stairwells, and restrooms face the noise source. 
Noise-sensitive portions, such as bedrooms, face the opposite direction [ 68 ]. In one 
large residential building, Rhine Garden at Sham Tseng, creative design reduced 
noise by 5–10 dB(A) [ 68 ]. A similar study from Norway indicated that having 
access to a quiet side of a dwelling is associated with a comparatively lower noise 
annoyance [ 77 ]. The study estimated that having a bedroom facing a noise-shielded 
side of a dwelling corresponds to a 6 dB noise reduction [ 77 ]. 

    

    [ 68 ]  Environmental Protection Department. The Government of the Hong Kong 
Special Administrative Region   

    Earplugs 

 Earplugs are another intervention that can reduce noise by up to 30 dB(A) if inserted 
correctly [ 79 ]. They are inexpensive noise-reducing devices made of plastic, rub-
ber, or silicone. Earplugs can also be custom designed to fi t the individual’s ear 
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canal perfectly and increase noise attenuation. Hospital-based studies found that 
the use of earplugs is a low-cost intervention to reduce noise exposure from the 
intensive care unit (ICU) while positively affecting sleep quality [ 80 ,  81 ]. Earmuffs 
with noise- canceling properties and selective amplifi cation to permit the sound of 
speech have also been developed but costs are high, ranging from $150 to over 
$1,000 per set [ 82 ]. 

 Table  8.3  summarizes the noise reduction interventions discussed herein.

   Table 8.3    Noise reduction interventions, by type   

 Source interventions  Pathway interventions  Receiver interventions 

 Road resurfacing  Barriersfi gberms  Façade alteration 
 Airport curfews  Land use planning  Creative design 
 Railway quiet zones  Earplugs 

        Global Policies and Recommendations 

    Pakistan 

 While there are no national standards or legislation for noise in Pakistan, reports 
from cities such as Karachi urge implementation of noise abatement policies to limit 
continued increase of noise levels. One study found maximum levels of noise at 
110 dB(A) during the peak hours between 1:00 pm and 3:00 pm and 5:00 pm and 
7:00 pm [ 83 ]. Other researchers have similarly identifi ed the problem of high traffi c 
noise with noise assessments in Pakistan, calling upon authorities to adopt rules to 
control and mitigate noise levels [ 83 ,  84 ].  

    Europe 

 Many European countries recognize noise pollution as a public health concern to be 
included in national standards and legislation. For the most part, European countries 
use an integrated approach that includes quieter pavements and noise barriers, as 
well as noise threshold standards and policies. The UK Highways Agency, for 
example, has adopted a policy that mandates use of lower noise surface materials 
when roads have to be replaced or resurfaced [ 57 ]. Denmark has a policy that pre-
vents new houses from facing roadways. France uses thin, gap-graded, single- layer 
porous hot-mix asphalt pavements when possible, which can lower noise levels by 
6 dB compared to dense-graded pavements [ 85 ]. 

 Germany has implemented a product label that is awarded to eco-friendly prod-
ucts, such as low-noise machinery. The “Blue Angel” label has been successful in 
Germany, incentivizing the development of products that emit noise at signifi cantly 
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lower rates than EU guidelines suggest [ 86 ]. The label has pushed construction 
companies to develop quieter machinery [ 87 ]. 

 Additionally, the Environmental Noise Directive (END) formed in 2002 man-
dated European Union states to create noise maps. These maps assess noise expo-
sure near major roads, highways, airports, and railroads [ 88 ] and are currently 
available to the public. Each country has started to develop and publicize action 
plans to target the issues brought to light in the noise maps, with interventions such 
as quieter pavements [ 51 ,  88 ,  89 ]. EU member states must develop their own noise 
limits and mitigation strategies upon collection and analysis of their noise data [ 88 ].  

    Australia 

 Australia has regulations that limit the use of certain machines during specifi c peri-
ods of time and assign noise levels to different building types. The Environment 
Protection (Residential Noise) Regulations came into effect in October 2008 and 
utilized sections of an earlier noise policy implemented in Section 48A of the 1970 
Environmental Protection Act [ 90 ]. Industrial and utility premises have higher 
assigned levels than noise-sensitive residences [ 90 ]. Furthermore, the regulations 
set standards for when certain products can be used. For example, the use of a lawn 
mower or electric power tool is not permitted Monday to Friday before 7:00 am or 
after 8:00 pm [ 90 ].    

    Future Directions and Recommendations for Action 

 Community noise is an accelerating global issue due to momentum from increased 
urbanization. This chapter has summarized the major sources of noise and associ-
ated health effects, and provided an overview for interventions to curb community 
noise. 

 We call for a participatory way to move forward in creating programs to alleviate 
urban noise impact. In the short term, a lack of resources may limit the implementa-
tion of these strategies. Nonetheless, by describing these interventions, we can bet-
ter understand what is feasible in low resource settings in the longer term. By 
knowing what strategies exist, appropriate assessments and interventions can slowly 
be phased in. 

 As an example, the use of public transport maps in Serbia as proxy indicators of 
noise exposure is a low-cost solution that obviates more expensive noise mapping. 
Earth berms, which are less expensive than metal or concrete noise barriers, could 
be utilized as a noise reduction intervention. Focused efforts to acoustically separate 
new residential areas from existing noise sources can be considered. Similarly, new 
noise sources such as freeways and airports should not be added without assessing 
acoustic impacts on existing residences. 
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 Noise level regulations, such as those in Australia, may be effective strategies 
because they do not require the capital costs of noise barrier construction or road 
resurfacing. Policy changes can produce positive changes, as seen in the slow 
phase- in of the European Environmental Noise Directive, which required each 
country to create their own noise map. Studies and assessments inform policy mak-
ers and residents about the increasing levels of noise and the associated health risks 
in their respective countries. 

 Beyond choosing an intervention, one universal point is that community noise 
reduction requires interdisciplinary collaboration. Effective policies, especially in 
the developing world, require that community residents, engineers, policy makers, 
and public health experts work together to create integrated and targeted approaches. 
Noise levels can be reduced by phasing in noise assessments and interventions in a 
participatory manner. 

 Given the link between noise exposure and health, strategies to reduce noise 
levels can improve the health and well-being of individuals throughout the world, 
especially in urban settings. 

 The push toward universal recognition of the problems that noise can produce in 
the environment will continue to be challenging. Progress and action on the govern-
mental and commercial levels will be interspersed with periods of retraction and 
retrenchment. 

 Mitigation and interventions of the sources, pathways, and receivers will neces-
sarily be balanced by the economic imperatives of stakeholders. 

 Governments may decide that short-term economic benefi ts from development 
(e.g., airport expansion, greater roadway networks, urban development) are bal-
anced by the increased environmental noise levels. They may decide that “it’s worth 
it” to become more modern. These decisions are not easy when the promises of 
urbanization and westernization bring with them louder urban areas. Noise pollu-
tion is recognized as an important environmental factor to control. To achieve 
meaningful reductions in urban noise exposure and a more comfortable environ-
ment, decisions charting a clear path forward are required by government, manufac-
turers, builders, engineers, designers, and citizens themselves.      

    Appendix A: San Francisco Community Noise Initiative 

    Lessons from San Francisco’s Experiences in Urban Noise 
Mapping and Control 

  Laurence Kornfi eld  
  Chief Building Inspector for the city and county of San Francisco for 20 years  

 San Francisco has long strived to be on the cutting edge of urban regulations to 
assure a high standard for quality of life, health, and safety of its residents. 
Regulations include guidelines for building structural safety, fi re prevention, air 
 pollution control, and control of urban noise. This agenda is primarily the outcome 
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of a vocal, public-oriented government that holds extensive public hearings and 
appeals on every issue. A majority of San Francisco residents are renters, a group 
that generally favor progressive, quality of life regulations. 

 Health concerns and environmental justice initiatives have also infl uenced gov-
ernmental action in San Francisco. There have been decades of debate regarding the 
environmental health and justice implications of transportation planning decisions. 
A group called PODER (People Organizing to Demand Environmental and 
Economic Rights) along with the City of San Francisco Department of Public 
Health and the University of California School of Public Health researched the 
effects of transportation planning decisions, including the construction of an intra- 
urban freeway, on residents in a southeast San Francisco neighborhood (the 
Excelsior). 1  Their research states, “traffi c related noise triggers community annoy-
ance and sleep disturbance and is associated with hypertension and heart disease” 
(see footnote 1). Their research also revealed that air quality and noise modeling 
and monitoring provided evidence that traffi c contributed signifi cantly to environ-
mental hazards in the Excelsior neighborhood. These results were alarming espe-
cially because the population was largely composed of families with children and 
people of color. The study found that the leading causes of death in this neighbor-
hood were due to illnesses associated with exposure to traffi c and traffi c-related 
pollutants, including heart disease, lung cancer, and traffi c collisions. 

 Despite many local regulations, noise complaints in San Francisco are common, 
particularly related to nighttime noise confl icts. These confl icts typically occur 
when residential development adjoins entertainment or commercial uses. Some of 
these noise confl icts would not exist if the newer buildings had been correctly built 
to meet applicable sound control standards, reducing noise intrusion to dwelling 
units. Some confl icts could be mitigated through regulation of noise sources or by 
other measures outside of the residential building. 

 Noise control requirements in San Francisco are found in state and local codes; 
there are currently no federal noise control mandates. Sound transmission require-
ments were introduced into the California Building Code in 1974, requiring new 
buildings to be constructed such that multifamily residential living spaces (including 
hotels and dormitories) are acoustically separated from outdoor areas when the city’s 
General Plan indicates that a site may have noise levels potentially greater than 
60 dB. To identify such noise-impacted areas, the city adopted a basic noise map in 
1974. Over the following decades, that original noise map became less refl ective of 
realistic patterns of city use, topography, and development. An increasing number 
of complaints of noise confl icts between various uses prompted a remapping project, 
the fi rst step of a larger program to address urban noise in San Francisco. 

 The development of the new noise model for San Francisco was initiated and 
funded by the Department of Building Inspection as part of an effort to more 

1   For more information on this initiative, see Wier, Megan, M.P.H.; Sciammas, Charlie; Seto, 
Edmund, Ph.D.; Bhatia, Rajiv, M.D., M.P.H.; Rivard, Tom, M.S., R.E.H.S. “Health, traffi c, and 
environmental justice: Collaborative Research and Community Action in San Francisco, 
California.” Am J Public Health. 2009 November; 99(S3):S499–S504. doi: 10.2105/AJPH.2008.148916  
PMCID:PMC2774185.  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774185/ . 
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 diligently enforce the sound transmission requirements of the Building Code. The 
study was done by Senior Environmental Health Inspector Tom Rivard of the 
Department of Public Health with assistance from paid graduate students at the 
University of California at Berkeley, School of Public Health. Much of the model-
ing is founded on data developed through the San Francisco Chained Activity 
Modeling Process (CHAMP), an activity-based model used to predict future travel 
patterns for the city. Data was then analyzed in a fi ne-grained 3D model of the city, 
including considerations of topography and urban development. An example of this 
noise mapping is shown below. 

    

    As urban noise is a complex interdepartmental problem, other city government 
agencies were involved in this modeling. The Planning Department reviewed and 
ultimately adopted the results of the model, and the County Transportation Agency 
provided critical data and analysis. The acoustical consulting firm of Charles 
M. Salter Associates generously provided expert advice. The remapping was a 
5-year project of sampling data and building a robust noise model of San Francisco 
that refl ected both current conditions and future development uses. The new noise 
map completed a public review process and was adopted into the Environmental 
Protection Element of the San Francisco General Plan in 2011. The noise-related 
issues in the Environmental Protection Element of the General Plan address vehicle 
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and traffi c noise; emergency sirens; building location, design, and construction; and 
planning for location of compatible uses. 

 Some of the challenges in updating San Francisco’s noise model and the 
Environmental Protection Element included maintaining fi nancial and other institu-
tional support over the extended course of this work and fi nding staff with interest, 
expertise, and commitment to the subject (two of the principals retired at the end of 
the study). San Francisco may be unusual in that it benefi ts from being home to vari-
ous expert acoustical engineering fi rms that could provide expert consulting ser-
vices for the city study and the subsequent required analysis work. 

 Along with adoption of new planning maps and guidelines, San Francisco 
amended its Noise Ordinance to create a Noise Task Force, coordinated by Health 
Department staff, to bring together many government agencies to address enforce-
ment issues, including such urban problems as motorcycle noise. The Task Force 
has had some successes but, like most city programs, signifi cant improvements 
often require years of meeting, analysis, and regulatory adjustment. Another step 
forward in reducing urban noise has been the recent adoption of San Francisco’s 
Eastern Neighborhoods Plan, which includes provisions to consider not just  L  dn  but 
to measure and mitigate likely “single event noise” within 500 ft of the site of a 
proposed project.  

    Compliance with Urban Noise Regulations 

 As a government offi cial and former Chief Building Inspector for San Francisco, I 
believe that compliance with construction requirements regulating sound transmis-
sion can be most effectively implemented by regulatory mandate, not by encourage-
ment or incentive. 

 The best practice is to incorporate such compliance mandates into the body of 
applicable building codes so that new building designs have sound transmission 
designs integrated into architectural, mechanical, structural, and other design works. 
Until the 1990s, the sound transmission requirements in the California Building 
Code were in a separate hard-to-fi nd code section; they are now integrated into the 
general requirements of Chap.   12     for “Interior Environments,” making the require-
ments much more accessible to building designers and city staff. 

 Under the California Building Code, a comprehensive acoustical analysis report 
and related sound control design elements must be submitted as part of a permit 
application for new multifamily residential projects. Adding these requirements to 
a permit submittal checklist would help assure that these elements are not neglected. 
This integration is in line with San Francisco’s recent “Green Building” code 
requirements, in which the many building components of a LEED Gold or similarly 
highly sustainable building must be detailed on a standardized checklist as part of 
the permit submittal. In San Francisco, a permit application for a new residential 
building may not be accepted without both a “Green Building” checklist and an 
acoustical analysis report. 
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 Most city plan reviewers focus on structural and life safety issues, often resulting 
in a lack of attention to acoustical requirements. Building Department staff training 
and oversight is critical to proper enforcement. Even a large city such as San 
Francisco has no acoustical engineers on staff, so the city relies primarily on the 
report prepared and signed by an experienced acoustical engineer. One continuing 
problem when relying on such outside experts is the lack of standardized licensure 
of professionals in the fi eld of acoustics. 

 Cost is an issue in noise reduction compliance, with the additional construction 
elements typically paid for by the project owners. Owners may be reluctant to spend 
additional money to design, construct, and inspect noise mitigation elements that do 
not appear to add immediate value to a project. However, failure to comply at the 
time of construction can be expensive, as many sound transmission assemblies can-
not be easily retrofi tted and impacted residents are likely to complain and demand 
improvements. 

 Construction and inspection of sound control elements can be challenging. Most 
construction elements must be installed as designed or the systems will not perform 
properly. Something as simple as a screw in the wrong location or using the wrong 
caulking can “short circuit” a sound-rated assembly. Project sponsors, design pro-
fessionals, and contractors often look for cost savings through “value engineering.” 
This process can degrade the building design. Commonly, contractors substitute 
materials without understanding the possible negative effects on a carefully designed 
system. Building inspectors are unable to inspect the thousands of elements in the 
construction of a new building. Materials substitution or errors by contractor and a 
lack of detailed inspection have resulted in the construction of noncompliant build-
ings, leading to excessive urban noise intrusion. A solution to these construction 
and inspection problems lies in a process known as “Special Inspection,” in which a 
licensed design professional assumes responsibility, overseeing fi eld inspection of 
critical elements and submitting affi davits to the city attesting to proper installation. 
Another approach for compliance would be to require testing at the completion of 
construction to assure that sound transmission standards have been met; however, 
correction of defects at that time could be diffi cult. 

 After completion of construction, enforcement of noise regulations in San 
Francisco is primarily through the Municipal Code, which apportions enforcement 
authority to a variety of agencies, including Police for nuisance noise, Health 
Department for fi xed-source equipment noise, Public Works for street and utility 
construction noise, etc. Additionally, San Francisco’s Entertainment Commission 
regulates nighttime entertainment noise. This dispersion of noise enforcement 
results in uneven citywide enforcement, with some highly effective agencies and 
others failing to enforce even the basic requirements. Ideal enforcement would con-
solidate noise enforcement in a citywide Offi ce of Noise Control. Failing that, inas-
much as possible, uniform training in noise control issues should be provided to the 
various city enforcement staff. 

 The experience in San Francisco is that properly designed, constructed, and 
maintained sound control systems in new buildings signifi cantly reduce the intru-
sion of disturbing noise, helping ameliorate adverse health effects and supporting 
quality of urban life.    
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    Chapter 9   
 Modeling Vulnerable Urban Populations 
in the Global Context of a Changing Climate 

             Vijay     Lulla      ,     Austin     Stanforth      ,     Natasha     Prudent     ,     Daniel     Johnson     , 
and     George     Luber    

            Introduction 

 Climate change, an increase in overall average temperature and frequency of 
extreme weather events, will infl uence human populations and exert stress on the 
current and future built environment. Most contemporary climate models indicate 
that climate change will have heterogeneous impact globally, and its effects are 
expected to be more severe in urban centers. This is due to the increased density of 
human populations, materials used to construct the urban area, and land-use prac-
tices therein [ 44 ]. There are numerous health stressors present in urban locations, 
such as the urban heat island (UHI) effect and pollution, despite proximal access to 
health services. Understanding the effects of climate change on human health will 
become a central focus of the public health community in the twenty-fi rst century. 
The anticipated consequences of climate change are not yet fully realized, but 
increased local risk disparities are apparent and will require a multidisciplinary 
paradigm of investigation to successfully identify vulnerable populations and miti-
gate environmental and social impacts. This chapter highlights several environmen-
tal and disease processes that are expected to be impacted by a changing climate. 
Following this introduction, a methodology of determining vulnerability using 
state-of-the-art data acquisition and computational techniques will be illustrated. 
Therefore, this chapter aims to be an introduction to climate effects on human health 
and to the vulnerability modeling of these effects.  
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    Urbanization and Climate 

 As the world’s population migrates from rural to more urban settings, understanding 
how urban forms (dense or spread out) alter local climate, and how climate change 
will uniquely impact urban environments, is critical. First, it is essential to under-
stand the difference between weather and climate. Weather looks at short-term daily 
or monthly variations in precipitation, wind, and temperature within predefi ned 
geographical areas. Climate focuses on decadal trends of the above variables within 
those same or larger areas. Climate is infl uenced by energy added to and released 
from Earth’s system over time, which infl uences weather patterns. The Sun provides 
energy to the system that is either radiated back into outer space or absorbed by 
oceans and land cover. Alterations in normal climate patterns can be attributed to 
disruptions in this energy balance. For example, increases in light-colored aerosols 
in the atmosphere serve to refl ect solar radiance, decreasing the amount of energy 
that enters Earth’s system; on the other hand, increasing amounts of greenhouse 
gases, concrete roads, and buildings serve to increase the amount of heat absorbed 
in Earth’s system [ 51 ]. While large-scale energy fl uxes infl uence global climate, 
urban centers can alter local energy budgets through UHIs and wind patterns to 
further impact local climate [ 45 ]. Increased commercial density, residential density, 
impervious surfaces (such as roads, parking lots, and other concrete features), and a 
reduction of green vegetation or large bodies of water all serve to modify tempera-
ture, precipitation, and wind, in comparison to rural areas [ 23 ]. Thus, climate inves-
tigations can be performed at either a global or urban scale. 

 The UHI effect is the phenomenon by which temperature in an urban setting is 
higher relative to the surrounding rural settings [ 1 ]. This steep gradient of tempera-
ture is driven by the man-made characteristics of urban areas. The composition of 
buildings and the decrease in cooling vegetation cause the retention of daytime heat. 
This heat is then radiated back out into the ambient air during the night, raising the 
local ambient temperature [ 68 ]. The steepness of the temperature gradient varies by 
climate zone, with temperate latitude cities seeing nighttime increases of 1–5 °C, 
while more tropical cities, during the dry season, exhibit gradients as high as 10 °C 
[ 37 ]. The size and density of the city also infl uence the intensity of the UHI effect 
[ 46 ]. Higher levels of light-colored aerosol-based pollutants, such as pure sulfates 
or salt particles, can have a cooling effect by blocking solar radiation. However, 
lower albedo or surface refl ection levels within urban areas trap heat and offset any 
potential urban cooling experienced during altered radiation fl uxes. In addition to 
lower albedo, larger street canyons typical of denser cities modify the intensity of 
urban temperatures through changes in wind speed and advection [ 23 ,  45 ]. 

 Although the research is still developing, the UHI effect may also serve as one of 
the main drivers of changes in urban precipitation patterns [ 5 ,  6 ,  9 ,  40 ]. Warmer 
temperatures associated with the UHI effect increase thermal convection, leading to 
lower convergence [ 45 ,  63 ]. Cool, moist air is pulled toward the city for the forma-
tion of rain-bearing clouds downwind [ 9 ]. Intensifi cation of precipitation has 
 similarly been linked to urban canyons and the proximity of coastal bodies and rivers. 
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In addition, air pollution creates favorable conditions for water droplets to form and 
grow [ 4 ,  40 ]. Understanding precipitation dynamics over large cities is very com-
plex, and studies show confl icting reports on the role urban form plays in changes 
to precipitation patterns. As human populations continue to expand the built envi-
ronment through urban migration, understanding how urban forms infl uence local 
climate is necessary to assess climate change-associated negative health conse-
quences within the context of urbanization.  

    Global Climate Change, Built Environment, and Health 

 Oppressive climates infl uence the health of human populations in various adverse 
ways. According to current climate change models, it is very likely that extreme 
heat events (EHEs) will become more severe and longer in duration. Future expo-
sure to extreme heat has a signifi cant impact on morbidity and mortality. One study 
estimates that by 2020—assuming current emission trends continue—44 large US 
cities will experience an increase of 2,260 excess summer deaths, and by 2050 
those urban areas could experience total excess deaths of 3,190–4,478 [ 31 ]. In 
addition to the commonly experienced heat stroke, heat exhaustion, heat cramps, 
and dehydration cases, heat can also contribute to the formation of blood clots, 
aggravate chronic pulmonary conditions, cardiac conditions, kidney disorders, and 
psychiatric illnesses [ 67 ]. 

 Climate change is also expected to exacerbate further poor air quality and pollu-
tion within urban centers. Ozone, particulate matter 2.5 μm in diameter (PM2.5), 
and aeroallergens are expected to be among the major air pollutants. Ozone forma-
tion increases with higher temperatures and increased sunlight [ 15 ]. Similarly, large 
particulate formation is partly dependent on temperature and humidity; thus, con-
centrations may increase with warmer temperatures [ 8 ]. Aeroallergens, like pollen, 
are airborne particles that elicit an allergic response in sensitive persons [ 34 ]. The 
warmer temperatures and increased carbon dioxide levels characteristic of urban-
ization and climate change contribute to earlier fl ower blooming and thus earlier 
and longer pollen seasons [ 58 ]. However, whether forecasted changes in the pollen 
season will result in an increase in allergic disease is yet to be defi nitively deter-
mined [ 34 ]. Health effects associated with poor urban air quality that climate change 
may exacerbate include decreased lung function, heart attack, arrhythmias, increased 
hospital admissions for respiratory illnesses (e.g., asthma, pneumonia, and rhinitis), 
and premature mortality [ 2 ,  8 ,  14 ,  15 ,  20 ,  24 ,  39 ,  41 ,  43 ,  49 ,  50 ,  55 ,  57 ]. 

 Heavy rainfall events are expected to become more frequent and intense with 
climate change. This imposes an additional burden on already stressed urban 
 infrastructure—particularly water and sanitation systems—and increases the poten-
tial for the spread of disease. Data on US waterborne disease outbreaks from 1948 
to 1994 suggest a signifi cant association with levels of extreme precipitation [ 10 ]. 
This relationship is not well understood, but is principally attributed to increased run-
off transporting elevated levels of microorganisms (e.g., Giardia, Cryptosporidium) 
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into surface water and groundwater [ 17 ]. The data also indicate that during heavy 
rainfall events, urban water sources are particularly susceptible to contamination 
due to overfl ows in pipes that transport both sewage and storm water (i.e., combined 
system overfl ows) [ 54 ]. 

 Warmer temperatures and changing precipitation patterns characteristic of cli-
mate change may also alter the distribution of disease-carrying vectors and zoono-
ses. For example, rising temperatures may increase the rate of dengue virus 
replication in host mosquitoes [ 21 ]. Tick distribution is also highly correlated with 
temperature and humidity. It is suspected that change in climate may affect inci-
dence of tick-borne diseases, such as Lyme disease and Rocky Mountain spotted 
fever [ 21 ]. West Nile virus and Saint Louis encephalitis virus are associated with 
drought-like conditions and high temperatures [ 21 ]. However, despite known cor-
relations between temperature, precipitation, and distribution of vectors and zoono-
ses, increases in transmission rates are affected by a host of other ecological factors 
[ 13 ,  18 ,  38 ,  42 ,  47 ,  52 ,  59 ,  66 ]. The public health impact of changes to the distribu-
tion of disease-carrying vectors and zoonoses depends on non-climatic factors as 
well, such as access to prevention methods (e.g., air conditioning and sealed struc-
tures) [ 51 ]. Better holistic urban climate change models need to be developed before 
we can truly identify the best methods for dealing with the negative effects of cli-
mate change [ 18 ]. 

 The emerging threats of climate change within the context of urban health pro-
vide an engaging framework for addressing anticipated health stressors [ 16 ]. The 
fi eld of public health includes a continually evolving evidence-based body of tools, 
such as vulnerability assessments, that identify segments of the population facing 
the greatest risk of direct exposure. These tools can serve to promote resilience and 
form sustainable policies in communities disproportionately burdened with nega-
tive health consequences associated with climate change and urban development. 

    Vulnerability and Urban Population Health 

    New Spatial Vulnerability Assessment Approaches 

 Population vulnerability results from the inability of a population to cope with a 
hazard due to increased sensitivity, susceptibility, or lack of adaptive capacity [ 22 , 
 23 ]. Within the public health literature, an understanding of vulnerability lies within 
the environmental justice thesis, which suggests that risks incurred from environ-
mental hazards are greater among marginalized populations [ 22 ]. The study of pop-
ulation vulnerability, then, seeks to identify conditions that render certain populations 
more prone to exposures and measure the adaptive capacity of the population within 
a socioeconomic context [ 11 ]. 

 Traditionally, population vulnerability is the cumulative negative pressure 
exerted by biophysical and social ramifi cations. Social vulnerability is composed of 
variables derived from the social or economic environment, encompassing age, 
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 education, income, gender, ethnic/racial composition, and population density of 
individuals in the population. Biophysical vulnerability includes risk to direct envi-
ronmental exposures, such as extreme heat and fl ooding. It also includes built envi-
ronment factors, such as the UHI effect, and other land-use patterns that exacerbate 
biological risks. Social vulnerability is well-researched, while assessments of bio-
physical vulnerability are a more recent endeavor [ 65 ]. Integrating social and bio-
physical risk factors into an assessment of population vulnerability allows for a 
more cohesive and useful understanding of how climate change will infl uence popu-
lations in expanding urban environments. 

 It is at the fi ner scale within cities that intra-urban vulnerability becomes most 
pronounced, i.e., social and biophysical risks are disproportionally distributed 
across an urban area [ 61 ]. For example, a vulnerability study in Phoenix, Arizona, 
demonstrated that pockets of communities within the study area faced greater expo-
sure to heat stress, due to higher social and biophysical vulnerabilities (e.g., age and 
less vegetation), than the surrounding communities [ 22 ]. Spatial distribution of vul-
nerable populations overlapping with climate hazard segments within a city has yet 
to be fully explored [ 28 ]. Less utilized city-specifi c analyses may provide more 
information on social and biophysical vulnerability than larger, less spatially reso-
lute studies at the regional and national levels [ 53 ]. Thus, vulnerability metrics 
should be aggregated at the city level, where decisions are more likely to refl ect 
information on vulnerability within intra-urban populations and can therefore be 
the most informed methods of response [ 33 ]. Implementing vulnerability mapping 
techniques that incorporate social and biophysical vulnerabilities into a place-
based, or location-specifi c, assessment allows for improved integration of histori-
cally disparate information. This can lead to improved implementation and 
monitoring of risk reduction policies within rapidly growing urban communities at 
the local level [ 11 ,  28 ,  33 ].  

    Satellite-Based Remote Sensing as a Surveillance Tool 

 Remote sensing is the process of acquiring data about an area of interest without 
direct contact, be it one or 100 m way. Common examples of remote sensing include 
X-rays, photography, and even human vision. These are all examples of practices 
that gather information from a distance, whether it is through a handheld device or 
incorporated into an orbiting satellite. For environmental research, the process is 
most similar to photography, where a sensor will “take a picture” of an area while 
recording data from within and outside the visual spectrum. Visual light is created 
by the Sun, which also emits other wavelengths of electromagnetic radiation (EMR), 
such as X-rays, infrared, thermal, and radio waves. Unlike the human eye, remote 
sensing devices can be calibrated to collect data across many diverse and distant 
wavelengths [ 25 ]. Analysts can use these multispectral, diverse wavelength images 
to interpret data not available to the human eye. A common application of nonvisual 
spectrum data is the use of thermal or infrared vision goggles. 
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 Remote sensing allows for the analysis of environmental features through 
 imagery and quantitative calculations through pixel values. Thermal imagery, for 
example, can be used to distinguish areas of the city that have increased thermal 
characteristics through calculation of land surface temperature (LST) [ 27 ]. This 
technique is used to identify the UHI or the hot spots within a city that are dispro-
portionally warmer than the surrounding features. Johnson et al. [ 26 ] summarizes 
various possibilities by including remotely sensed data to examine vulnerability 
(e.g., understanding the variability of heat between intra-urban neighborhoods). The 
application of remote sensing can also be useful for identifying other additional 
stress factors, such as a lack of vegetation. Plants can be responsible for reducing 
LST and fi ltering pollutants out of the atmosphere. 

 Photosynthetic vegetation utilizes blue, red, and thermal wavelengths of EMR 
during photosynthesis while refl ecting green and near-infrared wavelengths. This 
process gives plants their green color. Since this process occurs in healthy, photo-
synthetic vegetation, the health and quantity of local vegetation can be calculated by 
creating an index from refl ection measurements of red and near-infrared light 
[ 19 ,  25 ]. This process is commonly utilized in remotely sensed projects and is 
known as the Normalized Difference Vegetation Index (NDVI). The higher NDVI 
value recorded, the more protection vegetation should provide, both through 
decreased thermal impact to the area and by fi ltering pollutants out of the air during 
respiration [ 11 ]. A similar scale, the Normalized Difference Built-up Index (NDBI), 
utilizes the refl ection properties of cement and other constructed materials to iden-
tify areas of impervious surfaces. Higher NDBI values are normally associated with 
increased urban construction, which is linked to increased temperature, air pollut-
ants, and precipitation runoff. Incorporating LST, NDVI, and NDBI allows for the 
consideration of environmental impacts on vulnerability—previous studies have 
not integrated environmental properties and socioeconomic vulnerability in this 
way [ 62 ]. These indices can be used to represent the infl uence—either positive or 
negative—of environmental variables on the vulnerability of local populations [ 28 ].  

    An Example Methodology: Modeling Vulnerability 
to an Extreme Heat Event  

 Vulnerability to EHEs is normally considered only from a statistical perspective. 
That is, an area is considered to be under extreme weather conditions when the 
weather station, commonly located outside the city limits, has observed adverse 
conditions (high temperature, high relative humidity, or a combination of these two) 
similar to historical events that had a statistical increase in mortality/morbidity. 
While this approach can be applicable to a broad understanding of a vulnerability 
event over a large area, such as a county or city boundary, it is insuffi cient for city 
planners and emergency management personnel to identify specifi c areas of high 
risk. Mitigation strategists and planners need a more detailed view of vulnerability. 
Hence, there is a trend in the research community to include environmental factors 
(provided by remotely sensed data) in combination with socioeconomic factors to 
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understand vulnerability at a much fi ner scale [ 29 ,  53 ,  64 ]. Gauging vulnerability to 
EHEs is particularly challenging, because EHEs occur without clear warning signs. 
Other natural hazards, such as tornadoes or blizzards, approach as clouded weather 
fronts and are typically associated with drastic changes in wind and temperature. 
The public must rely on advisories, warnings, and watches issued by weather agen-
cies to become aware of an EHE. As previously mentioned, these warnings are often 
based on data collected from a weather station located outside of the urban core, 
where temperatures are not as extreme. While the reported maximum temperature 
and heat index describe predicted temperatures across large urban areas, they do not 
represent the true exposure of various intra-urban areas to EHEs, because vulnera-
bility to heat is not uniform across the entire urban space. For example, densely 
populated areas with old and dilapidated buildings, commonly found within inner 
city cores, may experience temperatures 3–5° higher than what is indicated by the 
issued advisory recorded by the weather station [ 27 ]. 

 Our research aims to (a) understand the spatial distribution of vulnerability for 
EHEs within an entire urban setting and (b) develop maps identifying areas of 
increased risk. In our method, socioeconomic data collected and disseminated by 
the US Census Bureau is combined with environmental factors (LST, NDVI, and 
NDBI) to generate an index representing the vulnerability of an enumeration unit 
(census block/block group/tract) during an EHE. Therefore, an accurate under-
standing of the spatial distribution of vulnerability is a useful tool for risk manage-
ment and mitigation strategists. This index can be generated using either principal 
component analysis (PCA) or an artifi cial neural network (ANN) (Fig.  9.1 ).   

   Vulnerability Indices Using Principal Component Analysis 

 A method of data reduction is needed to better understand how the vulnerability 
input variables interact to create the severity of an area’s risk. PCA can be used to 
identify the underlying constructs of the variables, identify trends, and designate 
which features are most important [ 12 ]. This method can be used to see which input 
variables are similar in order to create a simpler set of factors to represent the vari-
ables that most heavily affect vulnerability. Data reduction reduces the number of 
input variables in order to streamline calculations including many factors [ 30 ]. The 
PCA’s data reduction method simplifi es a multivariable dataset, by identifying the 
input variables’ correlation among themselves. It then creates new factors by 
restructuring the data into new combined components that individually express a 
larger portion of the variance found in the original variables. PCA results can be 
compared between studies by the number of components they produce. The fewer 
components needed to demonstrate the variance, the more correlated/similar the 
original data is—and the stronger the model that is produced. 

 These components can be utilized in mapping EHE mitigation. If the compo-
nents are plotted against a heat mortality-dependent value, the primary components 
will contain an identifi cation of mortality risk. The components can then be mapped 
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to identify areas that feature a majority of the characteristics related to heat  mortality 
during an EHE. 

 The socioeconomic variables included in this model, extracted from decadal cen-
sus data, include population counts by race, age, educational attainment, household 
income, and elderly living alone. These factors are combined with environmental 
factors (LST, NDVI, and NDBI) known to contribute to vulnerability. This analysis 
can be carried out at both the census tract and census block group enumeration lev-
els, which are political boundaries based on population density. The output from 
this analysis yields an index of vulnerability. Organizing enumeration units into 

  Fig. 9.1    LST image of Indianapolis, IN, acquired by the Landsat 5 TM satellite platform acquired 
on July 1, 2011       
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classes based on this vulnerability score provides a clear picture of vulnerability 
levels across specifi c micropopulations. The analysis of the 1995 Chicago, IL, heat 
wave by Stanforth [ 62 ] is an example of how PCA can be used to determine vulner-
ability utilizing these input variables (see Fig.  9.2 ).  

 The study by Stanforth [ 62 ] also aimed to evaluate the signifi cance of spatial 
resolution, and utilization of residential vs. commercial land use, for this type of 
analysis. The results supported the hypothesis that vulnerability to EHE mortality 
and morbidity can be appropriately measured and predicted within boundaries 

  Fig. 9.2    An extreme heat vulnerability index analysis map of Indianapolis, IN, utilizing 2010 
census socioeconomic data and environmental data collected by the Landsat 5 TM satellite on July 
15, 2011       
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(census track and block groups) smaller than the county boundaries used in previ-
ous systems. The best explanation of variance for the study occurred during the 
census tract enumeration level of analysis, but was only a few percentage points 
better than the analysis using smaller block group enumeration levels. Although the 
census tract results contained a higher percent of variance explained, the block 
group analysis had fewer principal components. This demonstrates that the block 
group, smaller spatial boundary, PCA analysis resulted in components which were 
more correlated. This suggests that similar smaller-scale models could greatly 
improve spatial resolution, or accuracy, of the incorporated variables and results. 
The results demonstrated that, overall, vulnerability is very specifi c to certain socio-
economic variables and is very dependent on spatial resolution. This further sug-
gests the need for increased spatial resolution of variables and analysis beyond the 
county boundary, which is used in most current NWS warnings and is an outdated 
method. New, spatially-specifi c warnings would have the potential to save more 
lives and reduce disaster response costs through improved mitigation practices.  

   Vulnerability Using Artifi cial Neural Networks 

 ANNs is a modeling method based on the principles of the biological neural net-
work. ANN is a computational model comprised of a series of interconnected vari-
ables, or neurons/nodes, that model the relationship of data between the input and 
output parameters [ 36 ]. Just like the biological neural system, an ANN is composed 
of nodes, possibly in multiple layers, connected to a series of other nodes. ANN 
results are based on trained input-to-output connections, similar to repetition-based 
muscular training processes in biological creatures. The interconnectedness of the 
nodes results in a complex network comprising the ANN. ANNs are adaptive sys-
tems that operate in two phases: the learning (or training) phase and the testing/
predicting stage. During the learning/training phase, the network is provided with 
known input-output pairs to establish a relationship between input and output data. 

 Commonly, the connection between the two individual nodes is just a mathemati-
cal function  f : X  →  Y . Since each node is connected to many other nodes, the input to a 
node is the summation of all the incoming connections, and the output is the function 
 f  applied to this summation [ 36 ]. The interconnectedness of the nodes provides an 
opportunity for modeling many different kinds of relationships, by changing the 
mathematical function used for the connections or by adjusting the weights to differ-
ent inputs to precisely control the input of all the different inputs (Kohonen 1990). The 
connections between the nodes are adjusted so that the network converges toward, or 
learns, a model that is actually represented by the data. The number of nodes, number 
of layers, learning function, rate of learning, number of iterations required to converge 
on a solution, and least acceptable error are all parameters that can be modifi ed, by 
trial and error, to develop a model to fi t the study’s requirements. 

 There has been a recent increase in ANN use, because they have some very use-
ful characteristics. ANNs do not pose any restriction on the distribution characteris-
tics of the collected data [ 32 ,  48 ]. Linear regression, on the other hand, requires data 

V. Lulla et al.



203

used for modeling to be normally distributed. ANNs also allow the incorporation of 
many different types of variables (categorical, nominal, and/or ordinal data) to be 
included in the analysis [ 3 ,  7 ]. Finally, ANNs are not affected by variable outliers in 
the data as much as PCA. ANNs do, however, have some drawbacks. They are com-
plicated and often require extensive setup to initiate. The fi nal drawback is the issue 
of model over-fi tting. Model over-fi tting occurs when ANN trains noise to result’s 
nodes along with the signal, when the number of input variables is larger than the 
number of training cases, and/or the input variables are highly correlated with each 
other [ 56 ,  60 ]. 

 We describe below how we used ANN for some preliminary analysis. As 
described earlier, the input variables are comprised of socioeconomic and environ-
mental factors. Mortality data was obtained from the respective cities, and only 
deaths related to the EHE were selected and geocoded, located spatially based on a 
postal address. The predicted number of aggregate deaths within each census enu-
meration unit (census tract or block group) was used as the output for the ANN. Once 
the model was created, after training and testing, it predicted the number of deaths 
per census boundary and compared them to recorded deaths from a historical 
EHE. The fi gures below show the neural network predicted mortalities compared to 
the actually observed mortality. 

 The difference in the scatter plots is due to the different number of enumeration 
units and different number of deaths for the cities of Dayton (a) and Phoenix (b) 
(Fig.  9.3 ). As can be seen from the images, the predicted mortality appears to follow 
the trend of observed mortality. This suggests a strong positive predictive ability of 
the ANN and suggests a possibility of improving the neural network model, either 
by tweaking the parameters used during training or refi ning the data by incorporat-
ing only residential areas, as demonstrated by Stanforth [ 62 ].    

  Fig. 9.3    Scatter plot of NN predicted vs. observed mortality for ( a ) Dayton and ( b ) Phoenix. 
Analysis was carried out at census tract enumeration level       
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    Future Directions for Research and Improvement 

   Hyperspectral Remote Sensing 

 As discussed earlier, satellite-based remotely sensed data is now commonly used in 
modeling vulnerability, but there are limitations to the use of such data. First, tem-
poral resolution, or frequency at which the data is collected, does not allow for 
continuous measurement, as the sensor is only in position a couple days per month. 
For example, the temporal resolution for Landsat data is 16 days; in other words, an 
image is taken at the same location once every 16 days and will sometimes miss the 
heat wave window or be blocked by cloud cover. There are some satellites that have 
a temporal resolution of one day, but their spatial resolution is too coarse to be of 
much use for the study of intra-urban areas. Aircraft-based hyperspectral remote 
sensors can alleviate both the issues of spatial and temporal resolution. Hyperspectral 
remote sensors are very analogous to their multispectral counterparts, but differ in 
that they measure the electromagnetic refl ectance in very narrow, contiguous bands. 
This provides a much more representative sample of the refl ectance curve of the 
underlying feature. The spatial resolution of aircraft-collected data can also be 
much better than the satellite-based multispectral data, depending on the altitude at 
which the aircraft passes over the area of interest. This availability of higher spectral 
and spatial resolution provides more fi ne-grained data, which can improve the per-
formance of models using this data. The methods and techniques used for hyper-
spectral analysis are slightly different than those for multispectral data. Increased 
spectral bands require higher computer processing power, and the preprocessing 
methods are also different. Since hyperspectral data are aircraft collected, they con-
tain errors attributable to the movement of the aircraft (roll, yaw, and pitch). These 
errors need to be removed by preprocessing the data. This is not a complicated 
problem, as most of these sensors come with utilities and tools with customizable 
settings for each fl ight, allowing for correction of errors later on. Still, hyperspectral 
sensors are very expensive; therefore, they not practical for widespread use.  

   Web-Based Modeling Tools 

 While most vulnerability-related modeling is carried out in university labs and 
research centers, there is a possibility of creating a Web-based tool/framework. This 
tool could be specifi cally designed to allow local planners to input data for their 
localities and generate vulnerability maps for planning and mitigation purposes. 
This Web interface could allow a municipality to identify areas at an increased risk 
to weather disasters and to effi ciently distribute the data and test/implement mitiga-
tion plans. In a digital format, the application could allow the vulnerability maps to 
be distributed to hospitals or nonprofi t groups so that medical assistance could be 
positioned in high-risk areas before the adverse conditions occur. The application 
could also allow city planners to test how a new mitigation practice would impact 
risk, such as planting trees in areas of high UHI. The Web application could also 
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allow for the quick update of data during oppressive seasons. If a wild fi re or 
tornado destroyed a large portion of the urban canopy, as during the 2011 Alabama 
disasters, new mitigation maps could be produced “on the fl y” to assist with the 
cleanup and preparation for the next disaster. Work is currently being conducted on 
creating such a Web framework used for generating EHE vulnerability maps spe-
cifi c to a city or county.   

    Concluding Remarks 

 With increased awareness about climate change and its impact on the environment 
and society, there is an ongoing trend to move toward collaboration among different 
areas of the research community. While vulnerability has traditionally been studied 
primarily by sociologists, it now involves researchers from diverse fi elds who aim 
to collect, analyze, and model data in new and meaningful ways. These collabora-
tions present a unique opportunity to better understand and model vulnerability 
through more comprehensive studies. While only EHE has been discussed in this 
chapter, these same principles can be applied to model vulnerability to other natural 
and anthropogenic hazards throughout the developed and developing world. The 
procedures previously described for heat mitigation could be adapted easily to cold 
weather disasters as well or be utilized to create location-specifi c mitigation plans 
for fl ash fl ooding and identifi cation of Lyme disease-infested tick populations. 
Understanding the improved benefi ts of incorporating environmental and societal 
risk elements has provided a new holistic view of vulnerability. This view will hope-
fully lead us to a safer and more prepared future.      
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    Chapter 10   
 Urbanization and Unintentional Injury 
in Low- and Middle-Income Countries 

             John     D.     Kraemer    

            Introduction 

 Urbanization has a complex relationship with injury. The movement of people from 
rural to urban areas, and their accumulation in cities, changes the risk of injury and 
its causes. Particularly in developing countries, urbanization exposes people to a 
host of dangers they often do not encounter in rural areas. It does this through two 
primary means. In a general sense, urbanization in low- and middle-income coun-
tries (LMICs) is often unplanned and rapid, overwhelming urban infrastructure and 
its margin of safety. Urbanization outpacing its infrastructure is a major determinant 
of urban road crashes, for example. Additionally, rapid urbanization often results in 
great social inequality, with many people living in informal settlements or other 
substandard housing and working in conditions that are not conducive to safety [ 33 , 
 38 ,  124 ]. Combined with the weak safety enforcement and limited resources for 
prevention and treatment of injuries, residents of urban LMIC areas often face unac-
ceptably high injury risks. 

 At the same time, urbanization reduces certain injury risks and often increases 
the likelihood that an injured person will receive adequate treatment. As with most 
causes of morbidity, injury risk is correlated with socioeconomic status. In cities, 
people are more socially mobile and are more likely to acquire higher standards of 
living, thus lessening their risk of many types of injuries (such as childhood burns). 
Similarly, access to trauma services—such as emergency surgery and blood transfu-
sions—is much improved in urban areas in most low- and middle-income settings, 
enhancing the chance that an injured person will survive without long-term 
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 complications. The opportunity for social organization and governmental action 
that can exist in urbanized areas also allows for risk mitigation [ 150 ]. 

 Throughout history, urbanization has been recognized as a double-edged sword. 
In antiquity, Rome faced a constant, serious fi re risk and repeatedly burned. 
However, its highly organized state authority also allowed it to regulate fi re risks 
and respond to fi res as previously had not been possible. In Industrial Revolution era 
Europe and America, the shift of laborers from agricultural to manufacturing enter-
prises created a multitude of new dangers but also allowed for regulation of work-
place safety, which, over time, drastically reduced workplace injuries and deaths. 
During the Gold Rush in California, the population of San Francisco exploded, and 
hastily assembled hovels became fi re traps. Soaring death rates in these districts, 
however, caused housing codes to be better enforced—something that had been dif-
fi cult in previously rural areas set beyond the effi cient reach of regulators [ 168 ]. As 
shown, the lesson of history is that urbanization can at times increase the risk of 
injury but also can create opportunities for individuals and governments to prevent 
injury by enabling resources to be pooled and organized. 

 This chapter explores the relationship between urbanization and injury, with par-
ticular focus on the three major causes of unintentional injury that are prevalent in 
LMIC cities: road crashes, burns, and falls. Two common causes of unintentional 
injury—drowning and poisoning—are not addressed in detail, because they com-
prise a substantially lower percentage of the burden of injury in most LMIC urban 
areas, urbanization decreases their risk (at least for drowning), and the evidence 
base for interventions in LMICs is very limited. Similarly, this chapter does not 
address intentional injuries, whether infl icted by oneself or others, even though in 
many urban areas, intentional injury is a major cause of morbidity and mortality. 
Intentional injury—especially criminal violence—often springs from causes dis-
tinct from those that lead to unintentional injury, and its prevention involves a range 
of different strategies and actors that are less relevant to the public health approach 
to unintentional injury. 

 The main focus of this chapter is on innovations to reduce the injury risks of 
urbanization and decrease the extent of the burden of injury in urban areas. It focuses 
separately on the prevention of road crashes, burns, and falls, and it discusses strate-
gies for improving treatment of injuries of all causes. For the most part, the innova-
tions this chapter will present are not high-tech; while high-tech approaches to 
safety have a role to play, most durable solutions to the risk of injury require 
improved systems of managing risks in the physical and social environment, sup-
porting safer behavior by individuals, and delivering emergency care. By and large, 
the tools for doing so are known; the challenge is in implementation.  

    Epidemiology of Injury in Urban LMIC Areas 

 Injuries are a neglected tropical disease. Though unintentional injuries comprise a 
substantial proportion of the burden of ill health, especially in LMICs, very little 
data exist to describe their distribution, especially, for LMICs. Even less research 
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has sought to understand the coverage of safety interventions and barriers particular 
to developing settings. 

 Nonetheless, certain aspects of global injury epidemiology are clear. Injuries 
result in approximately one-tenth of the global burden of years of life lost, refl ect-
ing, in part, the disproportionate risk of injury borne by adolescents and young 
adults. As a proportion of all causes of death, injury has the largest impact in mid-
dle- and high-income settings, where injuries cost between 10 and 15 % of all years 
of lost life. However, this refl ects the lower overall burden of disease and death in 
emerging and developed economies, not a greater risk of injury. In fact, adjusting 
for age, the risk of death from injury is three times higher in low-income countries 
(LICs) than in high-income countries (HICs) (124 vs. 41 deaths per 100,000 peo-
ple), with middle- income countries having intermediate risk [ 164 ]. Of the approxi-
mately four million people who lose their lives to unintentional injuries annually, 
more than 90 % live in LMICs, refl ecting both the greater risk of injury and the 
greater number of people who live in less well-developed regions [ 24 ]. 

 The primary causes of unintentional injury are constant across countries’ income 
levels and regions, but their distribution varies substantially. Globally, one-third of 
all injury deaths result from road crashes. There is substantial variation across 
regions and country income levels (see Table  10.1 ), though comparisons are limited 
by a substantial amount of incomplete reporting and attribution of injury deaths in 
LMICs. However, road traffi c accidents appear to cause a disproportionately high 
percentage of unintentional injury deaths in sub-Saharan Africa (45 %) and the 
World Health Organization’s (WHO’s) Western Pacifi c region (40 %), compared to 
Southeast Asia (23 %). On the other hand, burns, which represent a very small per-
centage of the burden of unintentional injury death in sub-Saharan Africa and the 
Western Pacifi c (approximately 2 %), cause one-seventh of all unintentional injury 
deaths in Southeast Asia [ 24 ,  54 ].

   Major data gaps prevent a complete understanding of how the causes and distri-
bution of injury differ in rural and urban areas and how the process of urbanization 
alters the risk of injury. Whether the risk and severity of injury increases in urban 
areas varies by location, though comparative data are limited, and higher quality 

   Table 10.1    Percentage of all injury deaths by cause and WHO region/national income level   

 Region 
 Road crashes 
(%) 

 Falls 
(%) 

 Burns 
(%) 

 Poisoning 
(%) 

 Drowning 
(%)  Other (%) 

 Africa  45  12  2  7  7  27 
 Americas  41  4  10  8  13  24 
 E. Med.  23  14  4  19  6  34 
 European  45  8  9  5  9  24 
 SE Asia  23  9  14  7  8  39 
 W. Pac.  40  16  2  7  16  19 
 LMICs  33  10  8  9  10  30 
 HICs  34  22  3  9  5  27 
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data exist for injury mortality than morbidity. In general, though, it appears that 
urbanization often decreases the risk of injury and subsequent death, particularly 
when urbanization is associated with increased wealth (as opposed to entrenched 
poverty) and in countries where emergency services tend to be more available in 
cities. 

 In Asia, the injury risk for adults in Pakistani cities—particularly in poorer com-
munities—is higher than in rural areas, and injured urban residents are more likely 
to have lasting disability (though this may refl ect a better emergency services 
resulting in a lower likelihood of dying) [ 38 ]; however, there is no signifi cant dif-
ference in the risk for children [ 39 ]. In India, the mortality rate from injury is about 
20 % higher in rural areas, with rural children about twice as likely to die before 
their fi fth birthday [ 67 ]. Similarly, data from Hubei Province, China, found mortal-
ity rates from injury in rural areas to be more than twice those in urban areas. 
Though the most pronounced gaps were from deaths due to suicide, unintentional 
injury deaths were also higher [ 94 ]. In Africa, a different pattern emerges. A study 
in Ghana showed the risk of injury is higher in rural areas, but that there are more 
injury- related deaths in urban areas [ 103 ]. This is broadly consistent with research 
from Uganda, which found the risk of all injuries to be higher in urban areas, with 
the greatest relative increase for fatal and disabling injuries [ 83 ]. In Tanzania, the 
risk of injury was found to be higher in rural areas, but major injuries were equally 
common in rural and urban settings [ 110 ]. While researchers have highlighted 
urbanization as an issue for injury prevention in Latin America, data on urban and 
rural injury rates are scarce [ 124 ]. Understanding better what drives this regional 
and country-to-country variation would enable better targeted injury prevention 
programs. 

 While more detailed cause-specifi c epidemiology will be discussed in this chap-
ter, a few key points about the causes of injury in urbanized areas are worth noting. 
The most important is the increase in the relative impact of road crashes in most 
LMIC urban areas. In many countries, there is an increase in absolute risk of road 
crash injuries in urban settings—particularly among adults—and a reduced risk of 
other types of injuries (such as lacerations from farm work), which make road crash 
injuries relatively more important [ 103 ]. This is particularly true in African settings, 
where road crashes comprise a much higher percentage of injuries in urban than 
rural areas and lacerations and drowning a much lower percentage. For example, a 
review of injuries treated at an urban tertiary hospital in Cameroon found that road 
traffi c injuries comprised 60 % of all injuries and three-quarters of unintentional 
injuries over a 1-year period. Excluding intentional injuries, falls, burns, and bites 
represented 11, 4, and 4 % of recorded injuries [ 71 ]. For urban children, however, 
falls tend to be the leading cause of injury. One study, which assessed childhood 
(under 12 years of age) injuries treated at urban emergency departments—which 
likely serve primarily urban and periurban populations—in 4 cities in Asia, Latin 
America, and North Africa, found that falls were the most common cause of injury 
(56 %) [ 64 ]. Similarly, a study of injuries among urban children in a poor part of 
Lima, Peru, found that falls caused half of the serious injuries documented, with 
road crashes (22 %) and burns (15 %) trailing [ 33 ]. 
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    Epidemiology of Urban Road Safety 

 Unlike in HICs, where most road deaths occur among drivers and occupants of four- 
wheeled vehicles, deaths in LICs and MICs are concentrated among vulnerable road 
users, particularly pedestrians (especially in LICs) and motorcyclists (dispropor-
tionately in MICs) [ 112 ]. While data are limited (a common refrain when assessing 
injury outside of HICs), the risk of road deaths appears to be highest as countries 
reach lower- and middle-income status, with a peak risk of death per motor vehicle 
when gross national income is approximately US$2,000 per capita and a peak over-
all risk of road traffi c death in the population occurring around US$3,000 per capita. 
Most of this relationship appears to be mediated by the increase in interaction 
between pedestrians and motorized vehicles that occurs as countries develop, as 
well as increased use of motorcycles [ 121 ]. Though the existing data are not detailed 
enough to infer causality, this phase of economic development often coincides with 
increased urbanization, and potentially harmful interactions between pedestrians, 
motorcyclists, and automobiles will usually be most intense in urban areas [ 52 ]. For 
example, in Kenya, rates of road injury and deaths—as recorded in police statis-
tics—are about 50 % higher in Nairobi than in any other area of the country, but this 
may partially refl ect stronger data systems in the capital [ 12 ] (Fig.  10.1 ).  

 Population-based surveys produce mixed results about the relative risk of road 
crash injury in rural and urban areas. In Ghana, one study found approximately 
comparable rates of injury in rural and urban areas [ 104 ], while another found a 
higher rate of minor injuries in rural areas and major injuries in urban areas [ 103 ]. 
Similar results were found in Tanzania [ 110 ]. In China, road crash deaths were 

  Fig. 10.1    Road traffi c deaths per 100,000 people by per capita gross national income. Reprinted 
from Paulozzi et al. [ 121 ]       
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found to be substantially lower in rural than urban areas [ 94 ], and the risk of road 
crash injury was found to be equal in rural and urban areas in Pakistan [ 38 ]. 
Regardless of the absolute risk of road crash injury and death, across LMIC urban 
areas, road crashes consistently comprise a higher proportion of injuries in urban 
areas than in rural ones—a fi nding that is consistent across regions [ 67 ,  83 ,  127 ]. 

 The class of road users most injured in crashes varies between urban and rural 
areas in LMICs. In Africa, pedestrian injuries and deaths comprise a higher percent-
age of all road crash casualties in urban areas than in rural areas. Depending on the 
location, they tend to be the most commonly-injured urban road users or make up 
about the same percentage as motor vehicle occupants [ 6 ,  104 ]. Bicyclists tend to 
comprise a lower percentage of injured road users in Africa [ 110 ], though different 
studies produce radically different levels of bicycle-related injury [ 6 ]. In Asia, fatal-
ities are concentrated much more among motorcyclists, though some studies fi nd 
nearly half of nonfatal injuries (46 % in Guangzhou, China) occurring among bicy-
clists. In Southeast Asia, about half of road crash fatalities are among motorized two 
wheelers; in the western Pacifi c, they comprise about 20 % of fatalities. Similar 
results have been found in Latin America, though road crash fatalities tend to be 
distributed more evenly among motorcyclists, four-wheeled motor vehicles, and 
pedestrians in Latin America than in Africa, South Asia, and Southeast Asia [ 25 , 
 112 ]. Much of the variation across regions refl ects the distribution of road users; for 
example, in places where motorbikes are a substitute for cars (and where a substan-
tial proportion of the population is wealthy enough to purchase them), crash deaths 
will be concentrated among motorcyclists. 

 In urban areas, the risk of road crash injury generally increases with age, both in 
Africa [ 103 ,  110 ] and Asia [ 94 ], though data are very limited. A very high percent-
age of children who are injured or killed, though, in urban areas, are pedestrians 
[ 64 ]. This is particularly true as children become old enough to go to school and 
walk to school by themselves. For example, in an urban setting in Peru, the majority 
of road traffi c injuries for children under age 15 were among pedestrians [ 33 ]. This 
is consistent with data from Africa, which found that about two-thirds of child and 
adolescent road injuries occurred among pedestrians [ 63 ]. In South Asia, pedestri-
ans and bus occupants comprise approximately equal percentages of children 
injured in road crashes, with each about 30 % [ 64 ]. 

 Across all settings, men tend to be injured in road crashes at a higher rate than 
women [ 154 ]. This is true across urban areas in LMICs. In Aleppo, Syria, men are 
injured at a 50 % higher rate than women [ 101 ]. Similarly, men were found to be 
about 70 % more likely to be injured in Dar es Salaam [ 110 ]. Data from Turkey [ 127 ] 
and Mexico [ 56 ,  58 ] are consistent with this fi nding. Males’ heightened risk of being 
injured in road crashes holds for children as well as adults in urban areas. In South 
Asia, it is estimated that between 67 % and 80 % of youth road injuries are among 
boys [ 172 ]. In urban Peru, boys were found to represent 60 % of childhood road crash 
injuries, with the greatest gender discrepancy for bicycle and pedestrian injuries [ 33 ]. 
In South Africa, urban boys are 50 % more likely to be killed in pedestrian crashes, 
though the gap is much smaller for fatalities as motor vehicle passengers (which 
comprise a much smaller number of childhood fatalities in South Africa) [ 23 ].  
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    Epidemiology of Urban Burn Injuries 

 Burns from fi res kill approximately 300,000 people annually, with an uncertain 
additional number of people killed by non-fi re burns (such as scalds and chemical 
burns). Almost all burn deaths—over 95 % by WHO estimates—occur in LMICs 
[ 163 ]. Data on the distribution of burn injuries in LMICs are limited, but, in most 
settings, burn injuries disproportionately affect children and adult women. For 
adults, the risk of burns largely tracks occupations risks, with women facing higher 
risks in settings with traditional gender roles (i.e., very high risk in Southeast Asia), 
though men face heightened occupational risks in some settings [ 24 ,  44 ]. For pre-
adolescent children, boys generally have a greater risk than girls [ 122 ]. 

 Data comparing burn risks in rural and urban areas are very limited. A study in 
Uganda found somewhat higher risk of burn-related injury in urban areas [ 83 ], simi-
lar to evidence from South Africa that burn deaths were common in cities [ 21 ], 
though the latter may have been infl uenced by incomplete mortuary registry of rural 
deaths. Research from China [ 95 ] and Bangladesh [ 100 ] found the opposite pattern, 
however, with children from rural families being overrepresented among burn vic-
tims. However, the Chinese study classifi ed children of migrant workers from rural 
areas who move to cities as rural, so it may have undercounted burns that resulted 
from factors in the urban living environment. Similarly, a survey of households in 
India found a substantially lower risk of death from burns among urban dwellers 
[ 67 ]. Finally, research from Ghana found a lower risk of minor burns in rural areas, 
but no difference in major burns [ 103 ]. 

 In urban areas in LMICs, almost all burns occur within the home. For example, 
a study in Abidjan, Cote d’Ivoire, found that 95 % of burns requiring hospitalization 
occurred at home [ 149 ]. This is consistent with research from other African settings 
[ 9 ], China [ 95 ], Iran [ 8 ,  88 ], and elsewhere [ 119 ]. Studies from several urban set-
tings, including in Peru [ 33 ] and Bangladesh [ 30 ], have identifi ed particular aspects 
of the home environment as contributing to burn injuries [ 119 ]. In particular, over-
crowding, poverty, residence in low-income and informal settlements, and physical 
spaces where cooking implements could not be easily placed out of reach of chil-
dren played a role in the occurrence of burns. 

 In most LMIC urban settings, scalds predominate as the cause of burns and are 
usually due to incidents in the kitchen [ 64 ,  119 ]. For example, about two-thirds of 
burns in a study in Abidjan were due to scalds [ 149 ], as were more than half of 
pediatric burns in a study in Tehran [ 8 ]. However, burns from fi res also comprise a 
substantial portion of burns. For example, a study of pediatric burns in Mombasa 
found that the majority of burn injuries resulted from fl ames [ 9 ]. In many urban set-
tings, the proportion of burns from fi res increases among older children and adults, 
as do electrical burns (which tend to comprise a small proportion in LMICs) [ 8 ,  95 ]. 
Additionally, severe and fatal burns are often due to fi res instead of scalds, including 
fi res in occupational settings, such as factories [ 149 ].  
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    Epidemiology of Urban Fall Injuries 

 Globally, falls kill more than 400,000 people each year (second only to road crashes 
as a cause of death from unintentional injuries), with four-fi fths of those deaths 
occurring in LMICs. In both HICs and LMICs, the greatest risk of death from falls 
is among those over the age of 60, who are often most likely to fall and often suffer 
the greatest complications [ 161 ]. Because of an older age structure, the highest 
cause-specifi c mortality rates for falls are in Western Europe [ 173 ]. However, within 
particular age groups, the risk tends to be greatest in LMICs. Though data are uncer-
tain, it appears that the burden of fall injuries is higher in Asia than in Africa, with 
too little data to make sound comparisons with Latin America [ 62 ]. In LMICs, 
almost all data on falls focus on children, making a detailed understanding of adult 
falls diffi cult. 

 There is very little research on the epidemiology of falls in LMICs, so it comes 
as no surprise that comparisons of risk in urban and rural areas are limited. One 
study of childhood injury in Pakistan determined that falls comprise a higher pro-
portion of all injuries in urban areas than rural areas, though this may be in part due 
to relatively fewer burns in urban Pakistan [ 39 ]. Research from Tanzania came to 
the opposite conclusion, with falls being about 60 % more common in rural areas 
than in urban areas [ 110 ]. Similarly, in India, falls comprised a slightly higher per-
centage of all injury deaths in urban areas than in rural areas, but the overall risk of 
dying from a fall was lower in urban areas (as was true for most other causes of 
injury) [ 67 ]. In Hubei Province, China, the mortality rate from falls was found to be 
indistinguishable between rural and urban areas [ 94 ]. 

 In any event, falls remain a substantial cause of injury in LMIC cities. For exam-
ple, 40 % of childhood injuries in Cape Town were found to be due to falls. Though 
the prognosis for children in Cape Town whose injuries were due to falls was better 
than for most other causes of injury, the sheer frequency of fall injuries resulted in 
falls being the second only to road crashes as a cause of severe injury [ 55 ]. A study 
in a low-income part of Lima, Peru, found that falls caused 56 % of serious pediatric 
injuries [ 33 ]. Similarly, a study in Ilorin, Nigeria, found that falls were responsible 
for one-third of childhood head injuries requiring hospitalization [ 118 ]. In Aleppo, 
Syria, nonfatal falls were more likely than road crashes or poisonings to result in 
temporary or long-term disability [ 101 ]. 

 Falls most commonly occur in the home, with this being particularly the case in 
cities [ 62 ]. For example, in Tanzania, almost two-thirds of urban fall injuries 
occurred in or around the home, with a quarter of injuries occurring within dwell-
ings. In rural areas, at-home falls tended to occur outside, and occupational falls 
(while farming) comprised a much higher percentage of the total in rural areas than 
in urban ones [ 110 ]. The predominance of falls in homes is consistent with data 
from Cape Town [ 55 ] and Sao Paulo [ 45 ] as well as national data from India [ 67 ] 
and Pakistan [ 39 ]. In some settings, falls in urban areas are more likely to be from 
greater heights [ 103 ]. 
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 In general, men tend to have a higher risk of fall injuries and deaths than 
women, both as adults and children. Research from Dar es Salaam found that men 
were more likely to be injured in falls than women [ 110 ]. There is, however, some 
data that older women are more likely to fall than men, albeit with less severe 
injuries [ 161 ]. In general, boys appear more likely to be injured in falls than girls 
in LMICs, though data specifi c to urban areas is limited [ 62 ]. For example, among 
children in Lima, boys were signifi cantly more likely to be injured in falls than 
girls were [ 33 ]. 

 Falls cause a high proportion of occupational injuries and deaths in LMIC cities. 
For example, a study in Shanghai, China, found that falls comprised one-third of all 
occupational deaths, including almost half of construction deaths—with the greatest 
risk during the period of fastest urban expansion [ 170 ]. Urbanization has been asso-
ciated with increased occupational injury in other settings, such as research in an 
urbanizing commune in Vietnam that found the risk of occupational injury to be 
about 20 % higher among those doing nonagricultural work [ 99 ]. Research in Brazil 
found that, while only 14 % of falls were occupational, these falls were more likely 
to be from greater heights and result in worse injuries [ 98 ]. This is consistent with 
data from China that found urban falls were more likely to be from greater heights 
when work-related and less likely to be on-level falls [ 125 ]. Finally, most research 
has found that occupational injuries, including falls, are more likely among men 
than women [ 27 ,  98 ]. However, research from Managua, Nicaragua, suggests that—
at least in some settings—this results from under-inclusion of the informal sector 
and home-based work by women. In Managua, when work conducted in any loca-
tion was included, falls were approximately equally common among men and 
women, and falls were by far the most common cause of occupational injury for 
women [ 116 ].   

    Public Health Approach to Interventions 
for Injury Prevention 

 A public health approach to preventing injuries and resultant deaths requires a con-
sideration of many levels of risk factors and potential opportunities for interven-
tion. For example, preventing deaths from structure fi res might focus on housing 
codes, educating occupants about safe kerosene use, providing smoke detectors, 
equipping emergency responders to safely enter burning buildings, improving burn 
care, or reducing social stigma for people with serious burns. Each of these inter-
ventions focuses on a different target—from at-risk individuals to components of 
the built environment and public policy arena—and moment in the continuum of 
events that lead to injury, from primary prevention to emergency treatment and 
rehabilitation. 
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 Though there are many ways to conceptualize the interactions between these 
dimensions, the injury prevention community has been well served by primarily 
adopting a single approach: the Haddon Matrix. Proposed by William Haddon in 
1970, the matrix organizes factors that contribute to injury along axes of time and 
ecologic proximity to the injured individual. Events with the potential to cause 
injury are temporally divided into pre-event (event prevention), event (injury pre-
vention for those involved in the event), and post-event (rescue and emergency ser-
vices) phases. For each phase, risk factors are organized into various categories: 
human, agent/vehicle, and environmental—both social and physical—factors 
[ 50 ,  136 ]. (See Fig.  10.2  for an example of the Haddon Matrix applied to road 
safety.)   

    Interventions to Reduce Urban Injuries 

 The remainder of this chapter will examine particular classes of injury, with a focus 
on risk factors and interventions particular to urbanized areas. Especially in areas of 
rapid urbanization and informal settlement—where people are often at the greatest 
risk of injury—individuals may be constrained in their agency to prevent injury. 
That is, even with information about workplace risks, a resident of Nairobi’s enor-
mous Kibera slum may be compelled by economic considerations to continue work-
ing a dangerous job with minimal protective equipment. For this reason, priority 
will often be given to interventions that address distal factors through changes to the 
risk environment, enforceable policy, or sustainable changes to systems. Because 
post-event interventions are, to a large extent, common across types of injuries, they 
will be discussed once at the end of the chapter and not divided between injury types 
(Table  10.2 ).

  Fig. 10.2    The Haddon Matrix, applied to road safety. Reprinted from WHO’s  World Report on 
Road Traffi c Injury Prevention  [ 154 ]       
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       Road Crashes 

 Urbanization and road safety have a complex relationship. When urbanization 
occurs rapidly, extreme stress is often placed on traffi c infrastructures. The sheer 
number of motor vehicles, pedestrians, and pedal cyclists that occupy overlapping 
space overwhelms efforts to plan and control their interactions, creating particular 
dangers for vulnerable road users—those who are not protected by enclosed vehi-
cles. Though data are limited, rapid urbanization likely spills over into rural areas, 
as the increased amount of traffi c moving between urban areas may substantially 
alter the road crash risks for people in rural areas. At the same time, the relatively 

   Table 10.2    Summary of preventive interventions by hazard and target   

 Hazard 

 Target 

 Injury environment  Person 
 Vehicle, agent, or 
equipment 

 Road 
crashes 

 Road network planning  Motorcycle helmet 
promotion, including laws 
and enforcement 

 Periodic motor 
vehicle safety and 
inspection standards 

 Pedestrian facilities and 
separation 

 Bicycle helmet promotion  Safety standards for 
sale or registration of 
vehicles 

 Traffi c calming, including 
speed bumps 

 Restraint availability and 
use 
 Improved licensure 
standards and 
enforcement 
 Improved traffi c 
enforcement 
 Behavior change 
communications 
 Enhanced social pressure 

 Burns  Improved used of fi re 
detection and warning 
equipment, both by law and 
behavior change 
communications 

 Improved cook stove 
design 

 Textile fl ammability 
standards 

 Fire code enforcement and 
inspection 

 Shatter-resistant or 
non-kerosene lanterns 

 Burn safety education 

 Improvement of water 
temperature regulation 

 Falls  Housing and building safety 
codes 

 Education and support to 
elderly persons at risk of 
falls 

 Improved occupational safety 
standards and enforcement 

 Fall risk assessment by 
health care workers 
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privileged economic status of many urban areas may allow governments to better 
implement interventions to improve the traffi c environment and enforce safety reg-
ulations. Paradoxically, there is some evidence that heavy traffi c congestion found 
in many urban areas in LICs and MICs suffi ciently reduces traffi c speeds, making 
severe injury less likely in the event of a road crash [ 154 ]. 

    Road Safety Interventions for Urban Areas 

 To the extent that there are limited data about the epidemiology of urban road inju-
ries in LMICs, this is doubly true for interventions. Very few studies have been 
conducted to assess the implementation of road safety interventions outside of high- 
income settings. However, limited data do exist, as well as experience from other 
settings, which can be applied to urban LMIC contexts. As noted above, interven-
tions will be divided into environmental, vehicle, and human levels and subdivided 
by precrash and at-the-moment-of-crash interventions. Postcrash interventions— 
primarily emergency services—will be addressed later in the chapter, because they 
tend to be applicable to a wide range of injury causes. 

    Interventions Targeting the Traffi c Environment 

 Interventions aimed at the traffi c environment have a major advantage over other 
types of road safety interventions: they work at a systems level, acting without the 
need for conscious compliance or judgment by individuals. Insofar as environmen-
tal interventions are durable, they can often be highly cost-effective, because they 
may be less likely to require ongoing expenditures than other interventions, such as 
improved traffi c law enforcement. While environmental interventions exist that 
operate at the moment of crash or after, the most practical environmental interven-
tions operate before crashes to mitigate risk. 

 In sub-Saharan African cities, a particular focus on pedestrian safety is war-
ranted by the high proportion of road deaths that occur among pedestrians, though 
pedestrian safety is a major concern in all settings. In terms of the traffi c  environment, 
there are two classes of interventions that can improve pedestrian safety. The fi rst 
are interventions to keep cars and pedestrians from occupying the same road space, 
thereby reducing the risk of collision. The second are interventions to reduce the 
severity of injury should collisions occur, usually by reducing the speed with which 
motorized vehicles travel in areas also occupied by pedestrians. 

 Ideally, such interventions are conducted as urban areas are being planned. For 
example, freeways, which are designed to facilitate high-speed travel with few 
interruptions, will often be closed to certain vehicles and pedestrians. Arterial roads 
will shunt high volumes of traffi c within urban areas, while residential roads will 
have lower speeds and be intended for widespread use by vulnerable road users. 
Appropriate design of road networks can substantially reduce the risk and severity 
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of crashes [ 154 ]. However, retrofi tting a planned road network onto the existing and 
overstretched infrastructure that is characteristic of many LMIC cities—or planning 
adequately in rapidly urbanizing areas—often proves to be diffi cult and cost 
prohibitive. 

 In busy urban environments, pedestrians often interact with vehicles in unsafe 
ways [ 174 ]. Physical separation of pedestrian walkways from roadways is highly 
effective at reducing collisions involving pedestrians. While it is probably better to 
have sidewalks adjacent to streets and at the same level as the roadway than to have 
no sidewalks at all, the best option is to design pedestrian walkways that are physi-
cally separated from the roadway or have a raised curb to prevent motorized vehi-
cles from using them. Many studies in high-income settings have demonstrated the 
benefi t of raised or separated sidewalks [ 52 ,  154 ]. Very little evaluation data exist 
from LICs, but a modeling study of the traffi c environment in Addis Ababa sug-
gests that constructing sidewalks with a raised curb can reduce the risk of crashes 
involving pedestrians by almost half. While its effect was less, widening and paving 
sidewalks were also found to reduce pedestrian crashes, probably because both 
made their use more hospitable and encouraged pedestrians not to walk in the street 
[ 18 ]. The latter interpretation is consistent with data from urban Peru and Mexico, 
which found that children were more likely to be struck by cars in areas with a high 
density of street vendors, because they impede sidewalk use and may block visibil-
ity [ 34 ,  57 ]. 

 The haphazard growth of many cities makes large-scale reengineering of the 
pedestrian environment diffi cult in low-income settings. In such settings, while 
sidewalks with paved surfaces would be ideal, planners may have to seek other ways 
to protect pedestrians. In parts of Nairobi, for example, pedestrian walkways are not 
separated from the roadway, but small poles—separated by a few feet—are inserted 
into the walkway. In other places, small asphalt bumps are added to the walkway. 
Both are designed to prevent automobiles or motorbikes from easily using the side-
walk. While these approaches have not been evaluated, both operate by the same 
mechanism as raised curbs—by providing physical barriers to motorized vehicles 
using pedestrian spaces—and are likely to be benefi cial. Signifi cantly, these 
improvements can be added to existing walkways without signifi cant construction. 

 Similarly, pedestrians’ risk of crashes can be lessened by physically removing 
them from the space used by automobiles. In some instances, this takes the form of 
physical barriers between the walkway and roadway that are diffi cult for either cars 
or pedestrians to cross. Pedestrian overpasses are also becoming more common, 
especially in situations where pedestrians would otherwise be tempted to cross mul-
tiple lanes of quickly moving traffi c. However, just as studies of neighborhood 
walkability in HICs suggest a need for improvements to the environment to be cou-
pled with behavior change information [ 113 ], an evaluation of a pedestrian overpass 
in Uganda found low rates of use and no reduction in pedestrian crashes. This 
underscores the need for changes to the built environment to be based on sound pre- 
intervention assessments and appropriate communications to the intervention’s tar-
get population [ 111 ], as well as enforcement, when possible. There is some data to 
support the effectiveness of pedestrian education campaigns to improve children’s 
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safety in urban settings in HICs [ 35 ], but none in LMICs. Similarly, while formal 
evaluations do not exist, the greater frequency with which pedestrians in Kigali 
(than in many other sub-Saharan African cities) use sidewalks when they are present 
likely refl ects more rigorous enforcement (Fig.  10.3 ).  

 Speed also plays a critical role in both the likelihood a pedestrian will be involved 
in a crash and the probability that the crash will be survived. WHO counsels that 
most pedestrians will survive being hit at 20 miles per hour, but most will die if hit 
at 30 miles per hour [ 158 ], though newer data suggests a higher likelihood of surviv-
ing higher-speed crashes [ 134 ]. In addition to pedestrian safety, reducing the speed 
of motor vehicles protects bicyclists, motorcyclists, and vehicle occupants, so it has 
substantial benefi ts in urban settings where pedestrians comprise a smaller portion 
of road crash victims, such as urban areas in Asia and Latin America. Intersection 
collisions above 30 miles per hour pose a much greater risk of serious injury for 
vehicle occupants, with tolerable speeds being even lower for vehicles of marginal 
safety often found in cities in LMICs [ 158 ]. 

 Speed bumps are the primary environmental intervention to reduce the speed of 
traffi c. Increasingly common in LMICs, evidence strongly supports their effi cacy, 
especially when drivers along higher-speed routes are nearing congested pedestrian 
areas or intersections. Research in Ghana has found that speed bumps and rumble 
strips substantially reduces vehicle speed and sharply reduces the risk of crashes, 
including a reduction in pedestrian injuries by more than half [ 4 ,  5 ]. Because a 

  Fig. 10.3    Pedestrians in a suburb of Addis Ababa walking in the street instead of on a raised 
sidewalk. Environmental interventions often must be coupled with behavior change 
communications       
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 relatively small percentage of intersections are involved in a fairly high percentage 
of collision deaths, it is likely that targeted placement of speed bumps would be 
highly effective at both protecting pedestrians and drivers. Similarly, placing speed 
bumps on the margins of urban areas, where high-speed traffi c meets lower-speed 
city traffi c, has been shown to substantially reduce crashes [ 4 ]. Furthermore, 
because speed bumps are inexpensive and durable, targeting the sites with greatest 
risk is cost- effective, with estimates of less than $100 per life saved in sub-Saharan 
Africa, South Asia, and Latin America and less than $150 in other LMICs [ 19 ]. 

 Other approaches to area-wide traffi c calming, such as the utilization of one-
way streets, using roundabouts in place of intersections, and other changes to the 
road environment, have also been found to be benefi cial in cities in HICs. While 
data suggest little or no impact of many traffi c calming interventions on the number 
of crashes, there is convincing evidence that they can reduce injuries by reducing 
the speed at which crashes occur [ 22 ]. Research is lacking from LMICs, but it is 
reasonable to believe that the effect in LMICs would be similar to in HICs. 
Additionally, some approaches, such as the installation of roundabouts, which can 
be placed at high-risk intersections, could be feasibly retrofi tted into existing urban 
road networks. Roundabouts have shown to reduce injury-causing crashes by up to 
75 % [ 130 ].  

    Interventions Targeting Person-Level Factors 

 Many interventions oriented toward drivers, motor vehicle passengers, motorcy-
clists, bicyclists, and pedestrians can greatly reduce the risk and severity of road 
crashes in urban settings. Though person-level interventions often lack the durabil-
ity of many environmental interventions, they frequently benefi t from being rela-
tively low-cost and, in particular, not requiring the up-front capital of many 
construction projects. Further, to the extent that many person-level interventions 
provide individuals with knowledge or commodities they would not otherwise have, 
these interventions give people more control over their own safety. Providing indi-
viduals with greater agency over their own health and safety is both productive and 
ethically important [ 85 ]. 

   Moment of Crash Interventions 

 Many person-level interventions to improve urban road safety operate at the moment 
of crash to reduce the severity of injury and augment prevention efforts designed to 
prevent crashes. For motorcyclists—who are ubiquitous in cities across LMICs, 
particularly in many Asian cities—correct use of a high-quality helmet is the most 
important intervention. In a crash, motorcycle helmets reduce the risk of death by 
more than 40 % and the risk of head injury by about two-thirds [ 93 ]. 

 Achieving high rates of motorcycle helmet usage is possible. For example, 95 % 
of motorcyclists in urban parts of Guangdong Province, China, were observed to 
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correctly wear helmets [ 169 ]. However, usage rates tend to be quite low in most 
urban settings in LMICs. For example, studies in urban settings in Ghana found that 
only 34 % of drivers and 2 % of pillion passengers were helmeted [ 1 ]. Studies in 
other urban settings have found similar results: 56 % use in Karachi, Pakistan [ 82 ]; 
65 %–82 % in Phnom Penh, Cambodia, depending on the time of day [ 13 ]; 30 % in 
urban and periurban Hai Duong province, Vietnam [ 61 ]; 40 % in Mar del Plata, 
Argentina [ 89 ]; and 55 % correct usage (though 89 % total usage) in Yogyakarta, 
Indonesia [ 28 ]. Studies of hospitalized crash victims in urban India [ 43 ] and Nigeria 
[ 117 ] found very low rates of helmet use, though it is likely that hospitalized riders 
wear helmets less often than the general public—with helmet-preventable injuries 
being one reason they end up in the hospital. Even in places where helmets are com-
mon, frequent use of substandard helmets has been recorded, such as the 55 % of 
helmeted delivery drivers in urban areas of Malaysia observed wearing substandard 
helmets [ 87 ]. Research from high-income settings has found that motorcyclists 
using nonstandard helmets are more likely to suffer head injury in a crash than those 
wearing standard helmets and also at rates higher than those of motorcyclists wear-
ing no helmets (though the latter conclusion must be interpreted with caution)[ 123 ]. 

 Laws mandating motorcycle helmet use are highly effective and strongly sup-
ported by the WHO. Evidence suggests that helmet laws should form the basis of 
helmet promotion programs and be reinforced by other behavior change modalities 
[ 155 ]. Data are limited from sub-Saharan Africa, but studies in Asia have found 
substantial benefi ts from helmet laws. For example, Vietnam’s law was associated 
with 16 % less head injuries and 18 % less road crash deaths in a hospital-based 
study [ 120 ]. Other studies found similar results, including a 14 % reduction in deaths 
among motorcycle riders in Taiwan [ 145 ]. In Vietnam, helmet use was found to be 
much more common on streets where it was compulsory than on streets where it was 
not [ 61 ], and in urban Indonesia, motorcyclists frequently reported being more 
likely to wear helmets when they thought enforcement of the law was likely [ 28 ]—
both of which support a causal link between helmet laws and reduced motorcyclist 
deaths; this causal association is well-established in high-income settings [ 59 ]. 

 Motorcycle helmet laws are not self-implementing. While laws may occasionally 
impact usage purely through their own normative force, increasing urban helmet use 
rates in LMICs requires that laws be clear and comprehensive in scope, enforced 
well, and coupled with behavior change communications. In general, helmet laws are 
less effective when they exempt certain locations, such as particular roads in Vietnam 
[ 61 ], or classes of riders, such as the ambiguity over whether children had to wear 
helmets (also in Vietnam) [ 126 ]. They should also be specifi c about exactly what 
types of helmet meet the regulatory standard and that the helmet must be worn—not 
merely carried—to avoid enforcement [ 28 ]. Similarly, nonenforcement leads to sub-
optimal impact, as has been seen in urban settings in Nigeria [ 140 ]. Modeling studies 
suggest that only a small number of motorcyclists need to be cited in order to drive 
higher rates of helmet use, because people violating the law have a low probability of 
evading detection—but riders do have to perceive a chance of being cited [ 19 ]. 
Finally, helmet laws will work best when they are coupled with information about the 
law and its requirements as well as the benefi ts of helmet use; and when helmet pro-
motion is tied to local data about barriers and facilitators of use [ 13 ,  155 ]. 
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 As with motorcyclists, the most important intervention for protecting bicyclists 
in crashes is helmet use. Bicycle helmets are highly effective at preventing deaths 
and head injuries—even when cyclists are hit by cars [ 143 ], which is a major cause 
of urban cyclist death—and helmet laws are effective at increasing usage, at least in 
the high-income settings where legislative approaches have been evaluated [ 96 ]. 
The few existing studies on bicycle helmet use rates in urban LMIC settings suggest 
almost complete nonuse, including in cities in China [ 91 ,  172 ], Singapore [ 53 ], 
Malawi [ 86 ], and Mexico [ 105 ] (Fig.  10.4 ).  

 In high-income settings, legal mandates are highly effective at increasing helmet 
usage [ 74 ,  96 ]. No data exist on bicycle helmet laws in LMICs, but they are likely 
to be as effective as motorcycle helmet laws in these settings, because they operate 
through the same likely mechanisms (penalties to deter nonuse, generating a norm 
of use, and providing an opening for education and behavior change). Further, as 
with motorcycle helmet laws, identifying violators is relatively easy and cheap, 
making enforcement likely [ 19 ]. Cost-effectiveness modeling suggests that bicycle 
helmet legislation is the single most cost-effective intervention to prevent road 
deaths in sub-Saharan Africa, even under a wide range of assumptions about its 
effectiveness. Also, it has been found to be cost-effective, as part of combination 
approaches in Asia [ 26 ]. 

 In the same vein as interventions to increase helmet use, interventions to increase 
the use of seat belts and other restraints would provide substantially improved pro-
tection at the point of crash—assuming that vehicles have seat belts in the fi rst 
place, which is a frequent problem in many LMICs (though data suggest that instal-
lation of seat belts in cars that lack them would be cost-effective) [ 153 ]. Seat belt 

  Fig. 10.4    A man wearing a bicycle helmet in a suburb of Nairobi. Bicycle helmet use is highly 
effective against head injuries but exceedingly rare in most LMIC cities       

 

10 Urbanization and Unintentional Injury…



226

and child restraint laws have been effective at reducing injuries and fatalities in 
HICs [ 132 ]. Limited data suggest similar effects in cities in LMICs [ 17 ,  114 ], but 
that motorists must perceive a likelihood of enforcement in order for benefi ts to be 
obtained [ 2 ]. Car seat used by small children—and legislation to require it—is also 
highly effective in HICs. In LMICs, it is often limited by the availability of low-cost 
car seats, but WHO recently announced that a prototype optimized for use in LMICs 
is close to entering the market [ 162 ].  

   Precrash Interventions 

 A number of other person-level interventions could reduce the frequency or severity 
of crashes in urban areas and focus on the precrash period. Most of these aim to 
improve the knowledge, skill, or behavior of road users. While data tend to be very 
scarce from LMICs, all are routine and well-validated in high-income settings. 

 Safe use of roadways begins with an understanding about likely hazards and how 
to prevent and respond to them. Such knowledge (as well as a minimum level of 
skill) is generally assessed prior to receiving one’s driver license. Though assess-
ment of licensure standards is very diffi cult, their effi cacy is logical and widely 
incorporated in both HICs and LMICs. For example, China requires passage of a 
rather detailed (and often somewhat amusing—at least for non-test takers) comput-
erized test, much of which focuses on the mix of vehicles and pedestrians common 
to rapidly urbanizing areas [ 131 ]. 

 In many HICs, school-based driver education is a rite of passage; however, data 
suggest that it does not reduce the frequency of crashes and, by facilitating younger 
licensure, may increase risks [ 65 ,  148 ]. Similarly, data do not support the effi cacy 
of post-licensure or remedial education [ 81 ]. Rather, the weight of the evidence sug-
gests that licensure regimes should maximize driving experience under controlled 
circumstances, not merely education [ 166 ]. This is the theory underlying graduated 
driver license programs in high-income settings, which restrict new drivers from 
driving at night, with passengers, and/or without  supervision, and which consis-
tently have been found to reduce crashes and fatalities among youth [ 40 ,  137 ]. 

 Given the extremely hectic driving environment in many urban areas in LMICs, 
as countries strengthen driving regulations, strengthening licensure requirements 
with a preference for graduated or other experience-based requirements would likely 
be benefi cial. In one study in urban Nigeria, for example, a high proportion of motor-
cycle drivers lacked a license, and the majority of licensed drivers had not passed a 
road test [ 66 ]. This approach, which has been adopted in countries such as Zambia—
which requires 3 months of supervised driving prior to passing a driving test—turns 
on the ability to enforce the graduated license’s conditions. This, however, requires 
offi cials to be able to identify drivers who are not meeting the conditions of their 
licenses and to possess adequate resources and will to engage in enforcement. The 
Zambian approach of clearly marking vehicles driven by a supervised driver with 
special plates is likely to partially achieve the fi rst initiative, by at least making it 
clear that drivers are violating their conditions when driving alone [ 129 ]. 
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 Road users’ behavior can also be infl uenced by the vigor with which offi cials 
enforce enacted safety regulations. Almost all jurisdictions regulate drivers’ speed 
and alcohol consumption, as well as recklessness of all classes of road users. 
Traditionally, however, most LMICs have had substantial enforcement gaps, lead-
ing to low compliance with speed limits, traffi c controls, and intoxicated driving 
laws. Additionally, many jurisdictions’ laws are insuffi cient for urban safety. For 
example, several Middle Eastern countries have urban speed limits in excess of 60 
miles per hour, which is double what WHO recommends [ 160 ]. To optimally deter 
unsafe driving, the law must prohibit unsafe conduct, motorists must believe they 
are likely to be penalized if they violate the law, and penalties must be suffi ciently 
large to change behavior [ 156 ]. 

 In high-income settings, speed and red-light cameras have become common-
place, and both have been found to be effective at reducing crashes [ 3 ,  167 ]. Data 
from LMICs are limited, but one study in Johannesburg found that speed enforce-
ment cameras reduced crashes and average driving speed [ 70 ]. While there are con-
cerns about the cost of automated enforcement, cost-effectiveness modeling 
suggests that using cameras to enforce speed limits (at least when targeted to high- 
risk locations) is highly cost-effective in Africa and Asia whether used alone or in 
combination with other interventions [ 26 ], based on WHO cost-effectiveness 
thresholds [ 165 ]. Additionally, in settings where citizens are wary of interactions 
with police, enforcement cameras may have greater legitimacy, due to their ability 
to objectively verify infractions. 

 Alternatively (or, even when cameras are deployed, in addition), enforcement 
can be conducted by traditional police patrol. While either cameras or physical 
police presence can be very effective at reducing infractions at defi ned, high-risk 
locations, traditional enforcement can convince road users they may be cited at 
any location, which may have effects throughout cities [ 158 ]. Optimally, then, 
police will be trained to routinely cite drivers observed to violate traffi c laws and 
to have screening checkpoints for both alcohol and speed. Both routine and 
checkpoint- based enforcement increase the likelihood of detecting viola tors, and 
the latter may serve to underscore that traffi c safety laws are vigorously enforced, 
which facilitates behavior change [ 156 ]. In one study in Uganda, increased police 
presence reduced crash deaths by about one-sixth and was highly cost-effective 
[ 20 ]. 

 Enforcement improves road safety by increasing the costs of safety violations. 
Of course, there are inherent costs to unsafe road use in the form of injuries, and 
many behavior change approaches focus on awareness of, and reductions in, risks 
the road user can infl uence. There is a robust literature on health promotion strate-
gies for road safety behavior change, including a number of approaches that capital-
ize on the availability of signage or other media in the urban driving environment [ 7 , 
 36 ,  90 ,  108 ,  142 ]. In general, as is usually the case, the most successful approaches 
are layered and incorporate behavior change communications along programs that 
make compliance easier (such as subsidized helmet programs for helmet use) and 
noncompliance more costly (such as enforcement) [ 152 ]. 
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 Most efforts to change the safety behavior of road users focus directly on motor 
vehicle operators or pedestrians themselves. Emerging research, however, suggests 
that in settings where passengers comprise a high proportion of crash victims, 
prompting passengers to encourage drivers’ safe practices may be fruitful. For 
example, in Kenya, where a high percentage of traffi c deaths are among passengers 
in matatus (minibuses), posting simple signs in the matatu encouraging passengers 
to speak up if conditions are unsafe can reduce the risk of crashes by half. Simple 
and cost-effective, such approaches bear serious consideration, both for urban mini-
buses and for long-haul minibuses, which are commonly used by people traveling 
between cities or cities and rural areas [ 49 ].   

    Interventions Targeting Vehicle-Level Factors 

 The last set of interventions to prevent road crash injuries in urban areas deal with 
vehicles themselves. In most LMICs, a high percentage of motor vehicles are rela-
tively old, poorly maintained, and lack safety features common in many higher- 
income areas. These factors contribute to the likelihood of crashes and exacerbate 
injuries when crashes happen. For example, a study of vehicles in Pretoria, South 
Africa, found that almost three-quarters had been driven more than 100,000 km, and 
40 % had at least one signifi cant defect that posed a safety hazard. The rate of 
defects was even higher for minibus taxis, the majority of which were found to have 
unsafe tires. Assessments of crashes in LMICs have found between 2 % and 16 % 
of road crashes to be attributable to mechanical defects [ 147 ]. 

 Beyond defective vehicles, the older fl eets of vehicles often found in LMICs also 
tend to be inherently less safe: less likely to have adequate protective space or crum-
ple zones to protect occupants, less likely to be designed with faces that are protec-
tive of pedestrians, and less likely to have working seat belts and airbags. In many 
cities in LMICs, taxi services are frequently provided by locally manufactured 
scooter taxis, which provide minimal protection in the event of a crash [ 109 ,  154 ]. 

 In HICs, there are three major strategies to ensure the roadworthiness of vehi-
cles: manufacturing standards for vehicles sold in the country, safety inspections 
when vehicles are registered, and routine traffi c citations for unsafe vehicles. While 
data are limited about the effect of inspections on crash risk [ 154 ], their benefi ts are 
plausible, based on the assumption that they remove some high-risk vehicles from 
the streets and encourage maintenance and repair of other vehicles. In particular, 
targeting inspections and citations to commercial vehicles may be useful, because 
research suggests that mechanical defects are common [ 147 ] and also because oper-
ators (or their insurers) may have greater ability and more incentives to ensure 
safety. 

 Creating and enforcing standards for what vehicles can be sold has been clearly 
shown to work in high-income settings. For example, airbag standards in the United 
States have substantially reduced deaths from crashes [ 42 ,  72 ]. The same is true for 
requiring vehicles to include seat belts [ 48 ]. Most countries have vehicle safety 
inspection standards, such as Kenya’s standards for pre-export inspection of  vehicles 
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to be sold in Kenya [ 69 ] and inspections prior to registration [ 80 ]. There is a broad 
range of options for safety standards, ranging from minimal (the vehicle must have 
minimum safety features and be in working order) to requiring advanced features 
(such as side airbags and pedestrian-protecting designs) that are increasingly com-
mon in HICs [ 154 ]. No data exist on the effectiveness of vehicle safety standards in 
LMICs, but it is likely that their effectiveness is a function of two factors: the con-
tents of the standards and their likelihood of enforcement. Both involve political 
and economic tradeoffs for authorities, which can complicate stringent safety 
regulation.    

    Burns 

 The relationship between urbanization and burns is complex and, even more than 
is the case for road crashes, high-quality data on this relationship is scarce. Greater 
wealth in urban areas often allows people to shift away from using open fi res and 
charcoal stoves and the signifi cant risk that comes from them. On the other hand, 
the poor housing conditions and overcrowded circumstances common for the 
urban poor may make burns—especially scalds—more common. In all settings, 
indoor fi res become much more common when poverty requires fuel oils or fl ames 
to be used for heating and light—as is often the case for both the rural and urban 
poor [ 9 ,  119 ]. 

    Interventions to Combat Urban Burns 

 The fact that burn injuries have become far less common in HICs gives reason for 
optimism in LMICs. Unfortunately, as the WHO noted in its recent burn preven-
tion and care plan, few of the interventions that have been successful in HICs have 
been adopted in LMICs, and many face substantial barriers to implementation. Of 
these approaches, some may be effective in MICs, but few are available to the 
urban poor in LICs [ 159 ]. To a great extent, burns are injuries of poverty—even 
more so than road crashes, which tend to increase as economic development 
increases the availability of motor vehicles before safety regulation can catch up 
[ 121 ]. As such, the greatest success against burns will likely come as LMICs 
accelerate economic and human development, enabling people to inhabit safer and 
less crowded homes, cook and heat with safer appliances, and be protected by 
rigorous and well-enforced building codes. In the meantime, though, a number of 
strategies exist to reduce urban burn injuries in LMICs, albeit with generally weak 
evidence bases. 
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    Interventions Targeting the Injury Environment 

 As with road crashes, to the extent possible, environmental interventions are often 
favored, because they can serve to reduce the risk of injury without the active 
participation of people at risk. It is no surprise, therefore, that most of the main-
stays of burn prevention in HICs focus on environmental factors: the presence of 
smoke detectors and alarms and sprinklers; building codes; escape routes that are 
clearly marked, navigable, and accessible to persons with disabilities; and tem-
perature regulators on hot water heaters. Some of these are applicable in LMICs—
particularly MICs—but some are unlikely to bring down the rate of burn injuries 
substantially among those at greatest risk. For example, temperature regulators on 
hot water heaters presuppose that one’s water is warmed by a hot water heater in 
the fi rst place—an uncommon occurrence in most of sub-Saharan Africa. 

 Though fi res do not cause the majority of burn injuries in low- and middle- 
income cities, they often cause severe injury or death. In the United States and other 
HICs, smoke detectors and alarms play a key role in fi re prevention—allowing fi res 
to be detected early and residents to escape safely from a burning building. In HICs, 
they are both highly effective as an injury prevention tool and produce a net savings 
of costs [ 163 ]. In LMICs, however, their use is rare outside of commercial buildings 
or other settings where inspection and enforcement are likely—especially among 
those who are not relatively affl uent. For example, two studies in Monterrey, 
Mexico, assessed smoke detector use. Even among the most affl uent households, 
smoke detector use was rare; in households of lower socioeconomic status, it was 
essentially nonexistent [ 105 ]. Rates of usage did not increase after an educational 
intervention, likely because of the scarce availability and perceived cost of smoke 
detectors in the community [ 107 ]. 

 These fi ndings are consistent with data from HICs that often fi nd that multiple 
barriers to using alarms sometimes prevent generally favorable perceptions about 
their effi cacy from being translated into long-term, consistent usage. Successful 
interventions overcome barriers of knowledge, availability, affordability, and moti-
vation to maintain detectors in working order, and interventions targeted only to a 
single barrier (such as community giveaway programs) often do not have lasting 
effect [ 31 ,  133 ,  135 ]. At the same time, when the right conditions are in place, 
health promotion campaigns to promote smoke detector use can be effective [ 75 ]. 
Especially in middle-income settings, smoke detector programs should be promoted 
more aggressively and incorporate a comprehensive approach that focuses on edu-
cation and behavior change, provision of smoke detectors, and ongoing use and 
maintenance (such as replacement batteries). Because the evidence base on success-
ful programs is nonexistent for LMIC cities, implementation research is badly 
needed to guide successful programs [ 163 ]. In commercial settings, including apart-
ment complexes, use of smoke detectors should be mandated by law and supported 
by inspections and fi nes. 

 A number of other changes to the environment would reduce the risk of burns 
from fi res. For example, public spaces in HICs are universally required to have and 
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mark exit routes, keep them clear of obstructions, and comply with  building codes 
and other regulations to reduce the risk of fi re or slow its spread to enable escape. 
Fire safety regulations have been a mainstay of public health law for several hun-
dred years, and there is no debate over their value. Most LMICs have adopted simi-
lar standards, either as guidance [ 77 ] or binding regulations [ 78 ], but enforcement 
is variable. To date, no research assesses strategies for improving fi re safety compli-
ance in LMICs. However, as with other safety regulation, increasing the chance of 
detecting violators (as through routine fi re safety inspections) and levying penalties 
to incentivize compliance are likely to succeed. 

 To prevent scalds, the primary approach used in HICs is limiting the maximum 
temperature that can be produced by hot water heaters. This approach has been 
highly successful in HICs, and it would be likely to be similarly effective in 
LMICs—at least where the primary source of hot water is a hot water heater. Though 
education programs have been successful in HICs, an educational intervention to 
encourage parents to check their home water temperature was not successful in 
Monterrey, Mexico; rates were very low both before and after the intervention [ 105 , 
 107 ]. Data from HICs suggest that in many settings, educational programs alone are 
insuffi cient and will be most effective when coupled with laws that regulate the 
maximum water temperature. There is also some evidence that education about the 
extra energy costs incurred by overheating water may be effective [ 163 ]. 

 Unfortunately, while these environmental approaches may bear dividends in 
cities in MICs and among more affl uent residents in LICs—which would certainly 
be something to celebrate—they will not, in the short term, address the primary 
causes of injuries and deaths from burns in urban areas in LICs. Burn deaths in 
LICs often result from low-quality housing, overcrowding, and minimal separation 
between areas used for cooking and other areas of the home [ 163 ]. There is some 
evidence that basic modifi cations to cooking spaces and other aspects of the home 
environment, such as raising cooking surfaces and guarding fi res, may be benefi -
cial [ 119 ], but very little research either to confi rm the effi cacy of particular inter-
vention approaches or implementation research to maximize the effectiveness of 
interventions.  

    Interventions Targeting Agents of Burn Injuries 

 The most interesting innovations to reduce the risk of burns in LMICs involve 
attempts to make the generation of household light and heat safer. As noted previ-
ously, a high percentage of scalds in urban areas—particularly in impoverished 
neighborhoods or informal settlements—results from liquids being heated at ground 
level on traditional stoves and tipped over. Similarly, many serious fi res result from 
unstable or breakable kerosene lanterns and stoves being upset, and many serious 
fl ame burns result from open fi res being used to cook or heat dwellings. Designing 
safer means of cooking food, heating homes, and generating light that are affordable 
for the urban poor would produce substantial safety benefi ts. 
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 In recent years, a number of safer heat sources have been developed. Though 
data are limited, research suggests that substituting a simple wood stove for an open 
fi re for home cooking will reduce the risk of serious childhood burns (as well as 
improve pulmonary health). One study in Guatemala did not fi nd that the stoves 
were associated with a reduction in the total number of childhood burns, but it did 
fi nd that the most serious—those that resulted from falling into fi res—declined. Of 
importance, though, the researchers found that improvements from merely chang-
ing stove designs were suboptimal because households continued to use open fi res 
for other purposes, suggesting, as always, that innovative technologies need to be 
coupled with education and behavior change initiatives [ 163 ]. 

 Similarly, simple design modifi cations to kerosene lanterns can make them much 
safer. The most dangerous lanterns are homemade, unstable, and fragile—as when 
households repurpose burned-out light bulbs as lanterns. In some settings, local 
production of simple and cheap lanterns that are made of thick, shatter-resistant 
glass and with spill-preventing lids is being implemented. While these lanterns have 
not been formally evaluated, their design should be much safer than those currently 
used in many settings. Their simple production makes them amenable to micro- 
fi nance or other initiatives to stimulate decentralized production and increase avail-
ability [ 163 ]. 

 Both safer cooking implements and safer lights are usually promoted as innova-
tions for rural areas. However, in many LMICs, they would also fi nd frequent use 
in urban areas, particularly in informal settlements or other very poor settings 
where electricity and safer, in-home cooking gas are unavailable or too expensive 
to be used regularly. Additionally, in some cities, the supply of electricity and 
cooking gas is irregular or subject to large price fl uctuations [ 15 ], resulting in 
households using less safe methods as a backup—which puts urban households at 
unnecessary risk.  

    Interventions Targeted at Person-Level Factors 

 In some LMICs, individuals’ burn risk is increased by the clothes that they wear. In 
particular, long, fl owing clothes made from fl ammable materials pose a signifi cant 
danger when they come into contact with open heat sources. Burns that result from 
clothing fi res pose a very high risk of death or serious injury [ 73 ]—more so than 
burns from other causes because they tend to be more severe and cover a greater 
portion of the body. In some settings, serious childhood burns due to clothes con-
structed of man-made fi bers melting are also a problem [ 30 ]. Similarly, fl ammable 
bedding can create a high risk of serious injury, particularly in settings where people 
are crowded closely to heat sources when they sleep, as is often the case in informal 
urban settlements [ 119 ]. 

 In high-income settings, much of this risk has been removed by legal require-
ments governing the fl ammability of clothes, mattresses, and other materials. In 
LMICs, some countries have imposed similar standards, but no data exist yet about 
their effectiveness. The WHO endorses both regulatory and social marketing 
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approaches to improving the safety of clothing and household materials [ 163 ]. The 
effectiveness of this approach will likely depend on the extent to which materials 
are produced in the formal sector (vs. at home) and, thus, amenable to regulation, 
the availability of safer alternatives, and the extent to which consumers can be per-
suaded to purchase safer materials. 

 Additionally, all burn interventions should be accompanied by health promotion 
approaches to increase knowledge and safer practices among those at risk. For 
example, experts have recommended targeting burn safety education to urban 
mothers, who often bear primary responsibility for managing children and the 
kitchens in which many burns occur [ 30 ]. Several studies have identifi ed low 
maternal education as a key risk factor for childhood burns [ 33 ,  44 ], underscoring 
both the importance mothers play in household injury prevention and the complex 
social etiology of burns and other injuries. Though no data exist from LMICs, 
research in HICs has found parental education programs to be effective at reducing 
burn injuries [ 76 ].    

    Falls 

 Falls are a leading cause of injury, particularly for the very young and the elderly. 
Nonetheless, in LMICs, very little data exist about the frequency of falls, risk fac-
tors, or approaches to prevent them. Nonetheless, aspects of urbanization can make 
falls more likely, or more likely to have severe consequences if they occur. Because 
urban dwellers are more likely to live in vertical spaces—multistory dwellings and 
apartment buildings—they may be more likely to encounter falls from greater 
heights. Similarly, many jobs that are common in rapidly growing urban areas, such 
as construction, pose a heightened risk of falls. These risks, as is all too common in 
both HICs and LMICs, are likely to land heaviest on people who live in poverty. 

    Interventions to Combat Urban Falls 

 Good data on interventions to reduce the frequency and severity of fall injuries in 
urban LMIC settings are very limited. Nonetheless, interventions will target three 
major classes of falls: falls at home, particularly for children; falls at work; and falls 
among the elderly. More than for other causes of injury, however, interventions are 
tentative and based only on the general experience of other settings. 

    Interventions Targeting the Injury Environment 

 In HICs, falls in the home are reduced by common household features, such as 
slip- resistant fl ooring materials, steps with surfaces and grades that are designed 
to reduce fall risk, and handrails and railings where falls are likely. Similar 
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approaches in LMIC homes would be likely to be effective and currently are often 
absent—particularly in lower-income housing [ 33 ]. The physical environment can 
be made more safe through behavior change interventions that work to get resi-
dents or outside inspectors to inspect and improve their premises in many cases, 
though this may not be feasible when environmental risks (such as unsafe stairs) 
are used by multiple housing units [ 157 ]. In HICs, this approach has been demon-
strated to work [ 47 ]. 

 Alternatively, regulatory approaches are used in many countries to improve the 
safety of the physical environment in both residences and workplaces. In most HICs, 
owners of apartment buildings have a legal duty to ensure the safety of the premises, 
including by ensuring safe stairwells, balconies, windows, and other fall risks. 
Similarly, employers generally have the legal responsibility to ensure safe work-
places, and workplace safety laws are generally credited with substantially reducing 
occupational injures [ 139 ]. Data evaluating these approaches in LMICs do not exist, 
but countries are increasingly enacting comprehensive safety regulation—including 
protection against falls. Kenya, for example, recently passed a detailed Occupational 
Safety and Health Act that, if rigorously enforced, will substantially reduce the risk 
of injuries and deaths from falls [ 79 ]. Similarly, Singapore has enhanced workplace 
standards and penalties for unsafe conditions for maids after several—most of whom 
were immigrants from less developed countries—died in falls while washing win-
dows [ 10 ].  

    Interventions Targeted at Person-Level Factors 

 Most evidence-based approaches to fall reduction that target person-level factors are 
aimed at elderly persons or the parents of children, and data are absent from LMICs. 
Nonetheless, research from HICs has consistently found that such approaches can 
be effective. For example, educational interventions for parents—alone or paired 
with home visits and support—have been found to reduce the risk of childhood 
injuries, including fall risks [ 76 ]. Data are less supportive of educational interven-
tions alone to reduce injuries among elderly persons [ 102 ]. 

 However, a number of other approaches have been shown to substantially reduce 
the risk of falls among the elderly. In HICs, multifactorial assessment of fall risk 
accompanied by home-based support is likely to reduce injuries [ 47 ,  102 ]. In HICs, 
such assessments are often conducted by a combination of clinical providers and 
home nurses or home health aides; in LMICs, it is possible that community health 
workers could play a similar role, but such an approach has not been evaluated. 
Strength training and other exercise interventions have also been shown to be effec-
tive in HICs, and at least some studies suggest that vitamin D supplementation and 
assessment (and withdrawal if necessary) of medications posing fall risks may be 
benefi cial, though data are particularly mixed for the last intervention [ 47 ,  102 ]. 
None of these interventions, however, have been evaluated in LMICs.    
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    Minimizing the Effect of Injuries After They Happen: 
Emergency Services 

 Up to this point, the interventions discussed to address urban injuries have focused 
on prevention, which, in LMICs, is often a primary focus because of its relative 
cheapness. However, any effort to reduce the burden of injuries must also involve 
systems of care to urgently treat injuries. When it comes to treatment, urban resi-
dents are often better off than rural residents, because in LMICs most health facili-
ties that can treat signifi cant trauma are located in cities. Nonetheless, major gaps 
continue to exist in many settings, including an insuffi cient number of trained health 
professionals, very limited prehospital care and transport, issues of quality, and dif-
fi culty summoning emergency services (especially for the most impoverished). 
Fortunately, innovations from other areas of global health—especially maternal 
mortality initiatives—provide templates for improving emergency services. 

    Prehospital Care and Issues 

 In many LMICs, emergency services are rarely used. For example, data from Ghana 
found that 40 % of people injured in urban areas did not receive medical care. While 
this was substantially better than people injured in rural areas (three-quarters of 
whom did not receive treatment), it is a rate that is far too high and predisposes 
people to preventable, long-term disabilities and prolonged recoveries. Similarly, 
for road crash victims in Kenya, fewer than 10 % were transported by emergency 
responders [ 154 ]. 

 There are, of course, many reasons for low utilization of emergency services, and 
these issues are not specifi c to injuries. For example, research on causes of maternal 
death suggests that many factors—including limited transportation options, diffi -
culty summoning care, cost barriers to services or transportation, poor perceptions 
of care, and a low availability of services [ 16 ]—all impede use of emergency 
services. 

 In the immediate aftermath of an incident causing serious injury, two things are 
critical: the provision of immediate fi rst aid and procuring transport to a facility that 
can provide more in-depth emergency care. In HICs, the latter is generally provided 
by the injured person or a bystander phoning for an ambulance, generally on a univer-
sal phone number (such as 911 in the United States or 112 in the European Union). 
WHO strongly recommends adopting a national emergency phone number. However, 
many countries—particularly LMICs—have not adopted this guidance or have differ-
ent numbers for different regions of the country, which can impede dialing the correct 
number [ 160 ]. This is a particularly important missed opportunity in urban areas 
because, even in countries where phone ownership is relatively low, use of mobile 
phones by urban populations tends to be very high. For example, 91 % of urban 
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households in Angola possess a mobile phone [ 29 ]; in Liberia and Malawi, urban 
mobile phone ownership rates are 78 % and 73 %, respectively [ 92 ,  97 ]. 

 Of course, phoning for paramedics only works in settings where a formal fi rst 
responder system exists. Prehospital care tends to be better in urban areas than in 
rural areas [ 115 ]. However, in many low (and sometimes also middle-income) coun-
tries, ambulance services are limited and, when they exist, are often for transport 
only and do not have personnel trained to provide emergency care [ 84 ]. In such 
settings, people are often transported to medical facilities by other types of vehicles. 
For example, research in Ghana found that more than half of injured persons in an 
urban area were transported by taxi, and more than two-thirds by some sort of com-
mercial vehicle. To take advantage of this, researchers trained commercial drivers 
on basic fi rst aid. Though data were not collected on injury outcomes, participants, 
more than half of whom subsequently provided emergency fi rst aid, retained skills 
and were more likely to provide emergency care after being trained [ 106 ]. In par-
ticular, trained drivers were able to maintain an open airway and control bleeding 
better than untrained drivers [ 144 ]. Similarly, research in Kampala, Uganda, found 
that providing training and a fi rst aid kit to police, taxi drivers, and community lead-
ers resulted in signifi cantly more provision of emergency services, and participants 
retained knowledge and skills for at least 6 months. Importantly, the Kampala pro-
gram was found to be cost-effective for low-income settings, with the estimated cost 
per life-year saved being $27 [ 68 ]. 

 Though it has not been broadly adapted to other emergencies, commercial driv-
ers have also been used to reduce maternal mortality. Several countries either reim-
burse commercial drivers for costs incurred by transporting women to medical 
facilities [ 37 ,  138 ] during obstetric emergencies or incentivize drivers to do so [ 46 ]. 
While these interventions have primarily been used in rural areas, they may have 
applicability in urban areas also, particularly among residents of informal settle-
ments or others in poverty for whom cost may be a barrier to promptly seeking care. 
While data are limited, the evidence that does exist suggests that such programs are 
both effective and relatively inexpensive [ 138 ].  

    Hospital and Rehabilitative Care 

 Hospital-based emergency care tends to be much better in urban settings than in 
rural settings, as there is usually a greater availability of higher-level hospitals with 
more advanced clinicians and better facilities. For example, blood transfusions are 
often much more readily available in urban settings [ 128 ]. However, major gaps 
continue to exist, particularly for burns, with many secondary hospitals that can 
address other injuries having relatively limited capacities to treat burns. For exam-
ple, specialized burn surgeons are extremely rare in LMICs [ 11 ]. 

 While substantial barriers exist to increasing the quantity of emergency care, 
recent innovations in other areas of emergency services may be applicable for injury 
treatment. Checklists have emerged as a key tool for improving the quality of care, 
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with the highly publicized success of WHO’s Surgical Safety Checklist [ 51 ] and 
preliminary results from its Safe Childbirth Checklist [ 141 ] catalyzing their use for 
other purposes. WHO is currently developing a trauma care checklist which, when 
available, is likely to produce similar benefi ts for emergency services. 

 Rehabilitative services are highly neglected in LMICs, where the focus of medi-
cal care is frequently triaged in favor of lifesaving care. Unfortunately, this results 
in many people with addressable disabilities not receiving services. However, a 
number of interesting technologies have recently been developed to mitigate this 
problem. For example, the Jaipur Foot, a prosthetic designed for use in LMICs, has 
seen rapid increases in use and has returned mobility to many people with disabili-
ties, though access to prosthetics remains limited in many settings [ 60 ]. Similar 
advances have been made in low-cost wheelchair availability for use in sub-Saharan 
Africa and other LMIC settings [ 151 ], though the accessibility of public spaces in 
many urban settings in LMICs remains limited [ 14 ,  146 ].   

    Conclusion 

 Urbanization impacts unintentional injury in complicated ways—sometimes 
increasing, sometimes decreasing, and sometimes merely changing risks. HICs 
have been very successful at mitigating these risks, especially in cities, where access 
to emergency services often limits the effect of injuries and prevent deaths and last-
ing disabilities. In LMICs, progress has been much slower. However, as this chapter 
details, there are ample opportunities for cities and their residents and health sys-
tems to innovate to prevent and ameliorate injury. These innovations, while occa-
sionally high-tech, will generally focus on improvements to the physical, social, 
and policy environment using approaches that are well established in HICs but 
require adaptation to LMICs. In doing so, cities can create space for urban dwellers 
to live safer lives, i.e., less at risk of premature death or avoidable disability.     
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    Chapter 11   
 The Millennium Cities Initiative: 
An Experiment in Integrated 
Urban Development 

             Susan     M.     Blaustein    

          Background 

 This chapter describes an innovation in urban development in Africa, how it 
emerged, and the importance of taking an integrated, multidisciplinary approach in 
order to effect durable advances in the public health and related sectors. 

 With urbanization rates skyrocketing even in the world’s least industrialized 
countries, it is clear that smart, targeted approaches to urban development are 
urgently needed if the Millennium Development Goals (MDGs) are ever to be real-
ized. Without linking farms to domestic, regional, and international markets, creat-
ing a continuum of care that will allow an expectant mother in a complicated labor 
to reach the tertiary care center in time to deliver her newborn safely, and providing 
a continuum also in education that will enable village girls and boys to continue 
their schooling through junior and senior high and beyond, these goals, however 
pragmatic and well crafted, cannot be achieved. For this reason, the Millennium 
Cities Initiative (MCI) was founded by Columbia University Earth Institute Director 
Jeffrey D. Sachs in 2006, as a counterpart to the Earth Institute’s Millennium 
Villages Project. That innovative, integrated rural development project was designed 
as a proof-of-concept that with smart, cross- fertilizing inputs in agriculture, health, 
education, and essential infrastructure, even impoverished smallholder farmers 

        S.  M.   Blaustein     , Ph.D. (*) 
  The Earth Institute, Columbia University ,   405 Low Library, 
535 West 116th Street ,  New York ,  NY   10025 ,  USA   
 e-mail: sblaustein@ei.columbia.edu  

  Electronic supplementary material : The online version of this chapter (doi:   10.1007/978-1-
4899-7597-3_11    ) contains supplementary material, which is available to authorized users. 

mailto:sblaustein@ei.columbia.edu
http://dx.doi.org/10.1007/978-1-4899-7597-3_11
http://dx.doi.org/10.1007/978-1-4899-7597-3_11


248

across sub-Saharan Africa—often deemed “the poorest of the poor”—could attain 
the MDGs by the universally-embraced target date of 2015. 1  

 Despite the grand and optimistic bet embodied in the Millennium Villages 
Project, it was clear even in 2005 that attaining the MDGs in isolated clusters of 
remote, previously hungry villages simply would not eradicate extreme poverty. By 
mid-2009, more of the world’s population lived in cities than not. And while in 2010 
the sub-Saharan population remained primarily rural, with 296 million people 
(39 %) living in urban areas, by 2050 that number is expected to rise to 1.1 billion, 
bringing the  global  percentage represented by sub-Saharan urban residents up dra-
matically, from 8 to 17 %. 2  Neither African cities, the continent, nor the global com-
munity is ready for the strain on social services, natural resources, and international 
security prefi gured by such numbers. 

 The fi rst presupposition, then, of the MCI was that a distinct and innovative 
set of diagnostics, interventions, and investments—akin to those enlisted in 
rural settings and at the national level, but custom-tailored to the exigencies of city 
life—would be essential if the MDGs are to be achieved in urban areas 
worldwide. 

 Second,  sustainable  development is not achievable by addressing defi cits with 
regard only to education, health service provision, or infrastructure. All prescribed 
interventions, individually and/or in combination, need to address multiple sectors 
simultaneously, to realize those synergies and cross-fertilizing effects that are the 
key to transformational change. 

 Given these principles, as MCI’s founders went about designing its strategy, pro-
gram, and methodology, the question remained how to best achieve this vision of 
integrated urban development, given the many laudable but failed efforts at urban 
renewal, slum upgrading, and other antipoverty works; the burgeoning challenge of 
stemming abject privation in rapidly growing metropolitan areas; the diminishing 
and increasingly cautious allocation of resources on the part of donor governments 
and multilateral agencies; and some key differences among the cities themselves. 
The test case for this endeavor—sub-Saharan cities, chosen because of their spiral-
ing growth and because they, like their nearby village counterparts, are perceived to 
be the furthest off-track from attaining the MDG—would also serve to demonstrate 
that if this integrated, evidence-based approach could work in these complex, 
severely underserved settings, it can work anywhere.  

1   This target was conceivable because of commitments made in 2005 by the Group of Eight, or G8, 
a regularly convening body of governments including what used to be the world’s largest econo-
mies: France, Germany, Italy, Japan, the United Kingdom, the United States, Canada, and Russia. 
At its annual summit that year in Gleneagles, Scotland, the G8 promised $25 billion more per year 
to help the sub-Saharan region, deemed the furthest off-track, attain the MDGs on time. Due to a 
sluggish uptake of these promises, however, followed several years later by the global economic 
crisis, that much-needed assistance by and large has not come through. The G8 has since been 
supplanted by the Group of 20 (G20), as a more inclusive body more accurately representing 
emerging economic powerhouses and the global economy. 
2   World Urbanization Prospects: The 2009 Revision. New York: UN Population Division, 2010. 
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    Strategy and Methodology 

    Research: Assessing the Gaps in and Costs of MDG Attainment 

 The fi rst task in any challenging undertaking is to know the scope of the challenge(s) 
to be undertaken. How far off-track  are  these African cities, exactly, from realizing 
the MDGs in maternal and child health; reducing the infection rates of HIV/AIDS, 
TB, and malaria; attaining universal primary education and gender parity; providing 
reliable access to potable water and sanitation services; and protecting the environ-
ment? Moreover, what assets and attractions exist in each venue that might be 
enlisted in support of this effort and also attract income-generating investment, 
domestic and foreign? And what infrastructure defi cits currently inhibit such invest-
ment and/or the attainment of the aforementioned goals? 

 Clearly, a set of diagnostics was required in all MDG-related areas, as well as in 
the business and investment arenas. For the social sector, MCI adopted the needs 
assessments and costing instruments developed for use at the  national  level by spe-
cialized task forces as part of the United Nations Millennium Project (UNMP), in 
the areas of public health, gender, education, and water/sanitation. 3  Given that the 
G8’s 2005 commitment of $25 billion more per year for sub-Saharan Africa was 
conditioned on the benefi ciary governments’ transparent and accountable budget-
ing, MCI believed the detailed costing tools would also be useful for local govern-
ments to know the relative extent of the need in each sector, so they may budget, 
plan, and prepare proposals accordingly. 

 MCI’s application of the needs assessment instruments to the Millennium Cities 
was these tools’ fi rst use at the subnational level, yielding a fairly rounded, high- 
level depiction of the social sector needs in each city. Roads, energy, and other civil 
infrastructures are obviously missing. Because these sectors’ respective mandates, 
planning, and budget processes are essentially national in nature, they tend to take 
place within the relevant line ministries and consequently would seem to yield far 
less useful information at the municipal level. Some of this information has been 
captured (by our own industrial infrastructure survey), developed, and carried out 
by MCI in three Millennium Cities to help local authorities understand better the 
precise needs of small- and larger-scale manufacturers, other entrepreneurs, and 

3   The UN Millennium Project, led by Prof. Jeffrey D. Sachs, Earth Institute Director and UN 
Special Advisor on the MDGs to then-Secretary-General Kofi  Annan, assembled some 260 scien-
tists worldwide into 13 Task Forces to determine how each of the MDGs, and the targets within 
each overall goal, could best be achieved. UN Millennium Project offi cials, and more recently, UN 
Development Programme (UNDP) offi cials, then applied this knowledge to national-level plan-
ning in ten sub-Saharan countries and elsewhere. A number of these Millennium Project Task 
Forces devised these extremely useful need assessments, costing instruments, and sets of recom-
mendations, enabling participating Millennium Project countries to understand precisely how far 
they need to go to attain each goal and the relative cost of doing so. 
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 potential investors, with an eye toward improving mobility and energy access 
for all. 4  

 MCI has also found the absence of neonatal and maternal mortality baselines to 
be a critical gap in the Millennium Cities’ health records. We have undertaken, upon 
request from the local health authorities, to assist in producing such baselines in a 
number of sites, albeit with diffi culty. Some of our constant challenges include: con-
tinued irregularity of institutional delivery and the lack of clear numbers on those 
mothers delivering outside of health facilities 5 ; the lack of proper and homogenized 
data collection systems at public and private facilities; and the common overreport-
ing of stillbirths, sometimes due to staff sensitivity in instances when a clinical error 
might have resulted in a newborn fatality that could have been prevented by a timely 
intervention. Yet it is impossible to measure progress toward the attainment of MDGs 
4 and 5—child and maternal survival and health—without this information. 

 The most effective way MCI has found to institutionalize collection of these data 
is to work simultaneously at the ministerial, tertiary, and local facility levels. Our 
priorities are fi rst, to modify labor/delivery reporting forms so that they capture this 
information more precisely; second, to educate midwives, nurses, other birth atten-
dants, and community health workers, both at tertiary and primary care facilities 
and in more remote communities, as to the vital importance of accurate reporting; 
and third, to reach out to pregnant women in peri-urban and other remote neighbor-
hoods to encourage antenatal care, institutional delivery, breast-feeding, proper 
nutrition, hygiene, inoculations, and regular postnatal care, so that the relevant 
information can be properly recorded and fed into health policy planning at the 
local, regional, and national levels. 

 Because the UNMP assessments and costing instruments are essentially top- 
down, supply-side tools, MCI has also developed its own comprehensive, poverty- 
related household survey intended to depict, in telling granularity, precisely what it 
is in each city that is keeping its residents trapped in extreme urban poverty. Is it, for 
instance, the lack of reliable public transport that compels an adolescent girl to walk 
to school, forcing her to eventually drop out when her father fears for her safety? Is 
it the lack of safe, close-in water points that keeps a mother out of the workforce 
because she is consigned to gathering water for her family twice a day, at an hour’s 
walk, despite living deep within the city? Is it the lack of a competently equipped 
and staffed neighborhood clinic and/or an effective emergency referral and triage 
system at the municipal level that results in a maternal or newborn death when that 
mother in a compromised labor was not seen in time? And does the cruel paradox 
pertain here that the lack of available local job opportunities forces devoted fathers 
far from their families in order to provide for them? 

4   MCI has produced industrial infrastructure surveys for the Millennium Cities of Blantyre, 
Malawi; Kisumu, Kenya; and Kumasi, Ghana. All of these are available on the MCI website, at 
 www.mci.ei.columbia.edu . 
5   In some cases, as in Malawi, this lack of clarity can be attributed in part to the prosecution and 
penalization of home deliveries, an unanticipated outcome of an aspirational law unmatched at the 
time it entered into effect. 

S.M. Blaustein

http://www.mci.ei.columbia.edu/


251

 These are the questions that MCI’s truly integrated MDG-based household  survey 
seeks to answer with the development and use of this detailed instrument, which has 
now been successfully piloted in Kisumu, Kenya, and in Blantyre, Malawi. 6  

 Further bottom-up research has been carried out in support of our community- 
based development work. In a number of neighborhoods in the Ghanaian capital of 
Accra, MCI has undertaken local urban planning and economic development 
efforts, 7  and in Ghana’s second largest city, Kumasi, MCI has overseen the prelimi-
nary design as well as the community and institutional work essential to building a 
comprehensive Women’s and Girls’ Center (see below for more on this initiative). 
In each case, MCI carried out focus groups, generally with structured question-
naires, to ascertain people’s own assessments, grievances, plans, and aspirations 
regarding the issue(s) in question. These have ranged from the possible uses and 
adaptations for overgrown and currently abandoned railroad tracks to sanitation and 
waste disposal needs and practices; priorities for upgrading open-air food markets; 
and how to revive a nearly moribund, small-scale fi shing industry in an era of dra-
matic environmental and industrial changes. 

 In the investment arena, MCI went far beyond the industrial infrastructure sur-
vey and commissioned reviews of the business climate and regulatory environment, 
both at the national and the regional or municipal levels, which were carried out pro 
bono in and for the Millennium Cities by partner law fi rms. 8  The intention here was 
to delve deeper into analysis of the situation at the  local  level than the excellent 
country-level information available in such volumes as the World Bank’s  Doing 
Business  series. 

 In an effort to further understand the potential of local businesses, at MCI’s 
request, the United Nations Industrial Development Organization (UNIDO) pro-
fi led small- and medium-sized enterprises in fi ve Millennium Cities and posted pro-
fi les of promising fi rms seeking technical or fi nancial partners 9  on the UNIDO 
website. To better evaluate the viability of seemingly promising investment oppor-
tunities and sectors, MCI has trained the investment promotion specialists in a num-
ber of Millennium Cities to conduct SWOT analyses that can then be shared with 
the national investment authorities, potential investors, and those local partners 

6   The Kisumu household survey for Kisumu, Kenya, is available at  http://mci.ei.columbia.edu/
fi les/2014/05/Kisumu_HH_Survey_Report_F2014.pdf . The survey instrument itself is available 
upon request. 
7   Including helping to select a site for a World Bank-funded bus rapid transit station project and 
comprehensive community upgrading in the neighborhoods of Nima, Ga Mashie, and Korle 
Gonno. Focus groups in these cases included residents, members of street vendors’ and market 
associations, youth and mothers’ associations, and the transport industry, as well as local, regional, 
and national ministry-level offi cials. 
8   The international law fi rms that carried out these regulatory reviews pro bono were Carter Ledyard & 
Milburn, Cravath, Swaine & Moore LLP, and DLA Piper. 
9   The fi ve Millennium Cities where small- to medium-sized enterprises were profi led by UNIDO 
are Akure, Nigeria; Blantyre, Malawi; Kisumu, Kenya; Kumasi, Ghana; and Mekelle, Ethiopia. 
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seeking direct investment. 10  Finally, with the benefi t of information obtained 
through a series of focus groups, interviews, literature reviews, and informal discus-
sions, MCI and the global accounting fi rm KPMG separately identifi ed and exam-
ined promising opportunities and sectors worth exploring further for potential 
domestic or foreign investment. The results of each of these studies, for a number of 
the Millennium Cities, have been published in a series of what MCI believes to be 
the fi rst stand-alone City Investment Guides. 11  

 Yet another investment-related instrument, a matrix to assess the relative sustain-
ability of a given prospective investment, was developed under our Regional 
Partnership to Promote Trade and Investment in sub-Saharan Africa. 12  This project, 
funded by the Government of Finland, together with the Millennium Cities of 
Kumasi, Ghana; Mekelle, Ethiopia; and Tabora, Tanzania, aims to strengthen capac-
ity in the area of investment promotion and bring job-generating investments to 
these three cities. This sustainability matrix, which was recently “test-driven” in 
several cities, including the Millennium City of Kisumu, is intended to assist local 
investment promotion specialists and policymakers in evaluating and comparing 
investment proposals and developing their own priority projects requiring outside 
investment. 

 For these innovative instruments and research fi ndings to be useful and effective, 
one cannot overestimate the vital importance of capacity building: for experts work-
ing in the social sector to perform accurate data collection, diagnostics, and/or cost-
ing exercises, and for business and investment promotion specialists to strengthen 
their abilities to profi le investments and target investors. The needs assessment and 
survey instruments utilized by MCI, however comprehensive, can provide only 
snapshots if they are not repeated at regular intervals so that progress can be moni-
tored and trends detected. Without the ability to carry out a SWOT analysis or fea-
sibility study, facilitate public-private sector dialogue on business-related issues 
affecting business and investment, or avail prospective and committed investors of 
the services they need, there can be no sustainable investment capable of creating 
good jobs and ultimately transforming whole communities. MCI’s Regional 
Partnership to Promote Trade and Investment in sub-Saharan Africa was conceived 
and developed to achieve precisely these ends. 

10   A SWOT analysis, or SWOT matrix, is a methodology attributed to American management con-
sultant Albert Humphrey, undertaken to appraise the relative  S trengths,  W eaknesses/Limitations, 
 O pportunities, and  T hreats (ergo, “SWOT”) pertaining to any business venture or potential invest-
ment project. After defi ning the project’s aims, this structured technique then proceeds to identify 
and evaluate as positive or negative an array of pertinent internal and external factors that might 
affect the attainment of the stated aims. 
11   MCI’s fi ve investment guides are for the Millennium Cities of Blantyre, Malawi; Kisumu, 
Kenya; Kumasi, Ghana; Mekelle, Ethiopia; and Tabora, Tanzania; KPMG produced six investment 
guides, for Blantyre, Kumasi and Kisumu, Mekelle, and Tabora, with the sixth going beyond 
Akure to cover the whole of Ondo State, Nigeria. 
12   http://mci.ei.columbia.edu/mci/fi les/2012/12/Sustainable-FDI-Guidance-Paper-Kline.pdf , by John 
Kline, Georgetown University, commissioned by MCI. 
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 Selected municipal staff in all sectors require thoughtful and thorough training, 
both in the uses of the assessment and targeting tools and in the processes of carry-
ing them out. This labor-intensive process will prove its value as those charged with 
data gathering, policy formation, and attracting investors assume more responsibil-
ity for the outcomes in their respective departments and bring measurable successes 
or failures to the attention of their superiors, both within the city government and 
within those ministries and agencies providing resources and policy direction at the 
national level. 

 As is readily apparent from the examples given here, MCI does not operate in a 
vacuum and is completely reliant on a broad network of partners; from local, 
regional, and national government entities to universities in the Millennium Cities 
and the region, and to international agencies and multilateral organizations. The 
independent credibility of the UN Millennium Project, Development Programme 
and Industrial Development Organization, MCI’s three international partner law 
fi rms, and KPMG adds a luster and a “Good Housekeeping Seal of approval” to its 
analytic fi ndings that can serve to reinforce MCI’s own claims in the minds of pro-
spective public and private investors.  

    MCI Interventions: Meeting Need with Opportunity 

 In the course of MCI’s initial diagnostic phase, certain urgent needs and program-
ming gaps became apparent in such MDG-related areas as neonatal and maternal 
survival, access to potable water, sanitation services, and quality education. MCI 
has taken it upon itself to intervene where we have been invited by local authorities 
to help fi ll such gaps; where we have identifi ed serious holes in coverage of espe-
cially vulnerable populations or underfunded government mandates in areas where 
MCI or a partner has competency; or where a timely opportunity has presented 
itself, often through a willing and capable partner. These interventions have gener-
ally been smaller-scale projects designed to solve the problems at hand which, if 
successful, can then be considered for replication and scaling both within the city, 
nationally, and well beyond. The following are examples of interventions triggered 
in each of the abovementioned ways. 

  Filling known gaps : MCI was asked by the head of the teaching hospital in Kumasi, 
Ghana, to bring in medical professionals to train in the areas of emergency medicine, 
neonatal emergency, infectious diseases, HIV/AIDS and nutrition, and lifestyle and 
heart disease. MCI turned to the Government of Israel’s Agency for International 
Cooperation (MASHAV), in the Ministry of Foreign Affairs, which arranged for 
Israeli experts at Ben-Gurion University and Hadassah Hospitals to come to Kumasi 
to carry out the requested trainings. Israeli doctors have also trained medical students 
and practitioners in Kisumu, Kenya, and Mekelle, Ethiopia, in emergency medicine 
and infectious diseases, at the invitation of the local health authorities. American 
surgeons have trained in both cities on conducting complex urological surgical 
procedures. 
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 In all cases, concrete interventions came with the training. In Kisumu, the 
Israeli agency MASHAV designed, built, and trained staff for the city’s fi rst-ever 
emergency ward. In Mekelle, the Israeli team dewormed all of the city’s primary 
schoolchildren, learning in the process that the anticipated soil-transmitted hel-
minths (e.g.,  Ascaris , hookworm,  Trichuris , and tapeworm) turned out to be far 
less common among the children than had been assumed.  (Schistosoma mansoni  
was actually much more common, and is generally treated with praziquantel.) 13  
By alerting the city health authorities to the urgent need for praziquantel, this 
fi nding enabled the city to develop a timely public health response that addressed 
the actual challenge at hand, rather than the imagined one. In another example, the 
multiple missions of US-based surgeons to Kisumu, Kenya, and Mekelle, Ethiopia, 
organized by the Chicago-based Knock Foundation, have provided container-
sized donations of state-of-the-art surgical equipment, complete with training in 
its use, as well as ordinary surgical and medical supplies and consumables that are 
often in short supply in these two cities. 

 In the arena of urban planning and design, MCI’s main work in Accra is another 
example of responding to an urgent invitation to fi ll known gaps. Ghana’s sprawl-
ing, rapidly growing capital has long since exceeded any residual mid-twentieth- 
century infrastructure planning. Brimming with approximately four million people, 
Accra is also home to a severely degraded environment, dangerously and increas-
ingly overcrowded slums, sclerotic key arteries, and unhealthful and severely inad-
equate supplies of clean air, water, waste management capacity, and energy. 
Although MCI’s mandate has directed us to strengthen the resilience, service deliv-
ery, and planning capacity in  secondary  cities (generally regional rather than 
national capitals), when the mayor of Accra came to us to ask for help in addressing 
some of these issues, MCI was able to identify a limited source of initial fi nancing 
and promptly went to work. After over 2 years of working in Accra, MCI produced 
a substantial reservoir of research and, at the request of the mayor and the Accra 
Metropolitan Assembly (AMA) over which he presides, helped map (using geo-
graphic information systems or GIS), rationalize, plan, and propose detailed revital-
izations of several of the city’s longest neglected neighborhoods, always in 
cooperation with the communities themselves and in full cognizance of residents’ 
most pressing issues and dreams. 14  Projects undertaken have included measuring 
and redesigning slum dwellings and open-air markets, analyzing the quality of 
locally sourced water in a cholera-riddled neighborhood and the composition of 
solid waste in another, conducting local economic development studies with an eye 
toward improving training and employment opportunities for youth and women, 
and organizing focus groups among local vendors regarding the proposed siting of 
a bus rapid transit depot. 

13   This work, carried out by Dr. Zvi Bentwich and his team from Ben-Gurion University, with sup-
port from the Government of Israel’s Offi ce of International Cooperation (MASHAV) and the 
NALA Foundation, is documented in more detail at:  http://www.nalafoundation.org/ . 
14   At the AMA’s request, MCI focused its work in particular on the neighborhoods of Nima, Ga 
Mashie/Jamestown (Old Accra), and Korle Gonno. 
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 A number of comprehensive publications linking economic opportunity and 
safe, healthful living to the physical space in specifi c neighborhoods have resulted 
from these studies, all of which are available on the MCI website. The work contin-
ues, both with regard to neighborhood-specifi c development in Accra and in Kumasi 
and expanding to examine regional mapping and planning issues. 

  Fulfi lling unfunded government priorities : Two of MCI’s most successful education 
projects have arisen in response to unfunded mandates put forth by the Government 
of Ghana: (1) there should be a functioning kindergarten or preschool attached to 
every primary school; and (2) computer technology and educational uses of the 
Internet should be taught in junior high school. 15  To address the fi rst gap, MCI 
reached out once more to the Government of Israel’s MASHAV and to the world-
renowned specialists in early childhood education (ECE) training and curricula at 
the Mount Carmel Training Center (MCTC) in Haifa to help design a program. This 
highly successful project, organized and run by MCTC and MCI in tandem with the 
Kumasi Metropolitan Assembly, Metropolitan Education Directorate, and the local 
St. Louis Teaching College, is now in its fourth year, with 85 educators trained and 
26 model preschools (“kindergartens”) built. It serves an average of 3,500 pre-
schoolers each day. With the continuing sponsorship by the Government of Israel, 
the trainings are being replicated for early childhood educators in Accra, with 45 
teachers trained and 19 new preschools established. The carefully-tailored, com-
prehensive ECE curricular design is under consideration for full adoption by the 
certifi cate-granting national universities. 

 To fi ll the second unmet government commitment—to offer training in computer 
technology and to measure performance at all junior high schools—MCI designed 
its own program to fi t the specifi c needs and circumstances pertaining to this level 
of schooling in Ghana. It has been amply demonstrated, both in the industrialized 
and developing nations, that simply providing computers to schools and assuming 
that students will become computer literate is an inadequate, wasteful, and counter-
productive intervention. In impoverished settings with severe energy and Internet 
connectivity issues, where teachers receive very limited in-service professional 
development, the challenges are even more pronounced. Together with the Kumasi 
Metropolitan Assembly and Education Directorate, Ericsson, Airtel Ghana, and 
Teachers College, MCI designed a unique computer and connectivity training 
program—our School2School Connectivity Project—that (a) focuses on training 
the teachers before concentrating on the students; (b) helps teachers zero in on 
online educational resources that can feed directly into the specifi c science and 
math curricula they are expected to teach; (c) interjects and repeats, as necessary, 
training in proper maintenance of the computers and related equipment; (d) links 
teachers and students in Kumasi with their counterparts in New York to pursue joint 
projects and create new lesson plans; and (e) assists these new teams of partners in 
developing applications of these lessons that deepen understanding of the MDG.  

15   At the Form II level in junior high school, equivalent to the eighth grade in an American middle 
school. 
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  Following up on serious holes in coverage of at - risk populations : Soon after starting 
to work in the Millennium Cities, it became distressingly clear to MCI that in nearly 
all Millennium City sites, there is little common practice of maintaining a safe and 
reliable blood supply at local health facilities. These health centers may have trained 
technicians, but they generally lack cold storage, electricity, and, indeed, running 
water. With postpartum hemorrhage as the region’s primary killer of pregnant 
women, there is no doubt about the need for safe blood or its role in maternal sur-
vival. Vehicular accidents are Africa’s biggest killer, and nearly all treatments for 
these, too, rely on access to safe blood. Though safe blood became an issue in the 
1980s as the AIDS pandemic seized the world’s attention, the lack of access to this 
resource remains insuffi ciently linked in the public mind to the inability to reduce 
maternal deaths or traffi c accident-related deaths. 

 Together with MCI partner Physicians for Peace, a Norfolk, Virginia-based non-
profi t that sends medical practitioners worldwide to treat patients and to train in a 
wide range of skills;  l ’ Hôpital Nianankoro Fomba  in Segou, Mali; the National 
Blood Banking Authority of the Ministry of Health in Bamako, Mali’s capital; the 
American Red Cross; the Centers for Disease Control; the nonprofi t Safe Blood for 
Africa; and other organizations with complementary competencies, MCI has set out 
to demonstrate that a hub-and-spoke model for the safe collection and typing, sepa-
ration and centrifugation, storage, dissemination, and administration of safe blood 
can work smoothly, save countless lives, and be sustainable and replicable, both 
across the project and across the continent. 

 This is not an easy project; to instill the culture of voluntary blood donation, test-
ing, meticulous labeling, temperature-controlled storage, safe transfusions, facility 
maintenance, training, and repeat training in all these areas is complex and fraught 
with risk. For these and other mundane, bureaucratic reasons, the project has taken 
years to move from inception to implementation. But despite these delays, followed 
by the 2012 military coup and more recent strife in Mali, the facility has now been 
successfully outfi tted, the Africa-based NGO Safe Blood for Africa oversaw the 
equipment’s installation and conducted an extensive series of trainings of hospital 
practitioners—and Mali’s fi rst regional blood bank is fully operative. 

 Need and opportunity combined in another instance, when MCI addressed the 
stubbornly high neonatal mortality rates in Kumasi and across the central Ashanti 
region of Ghana. Because of the overcrowding of the neonatal intensive care unit 
(ICU) at the national teaching hospital in Kumasi, the Israeli neonatologists who 
had been invited to train hospital staff in neonatal emergency care were moved to 
design a low-cost, low-tech neonatal triage unit able to resuscitate newborns and 
treat such less urgent conditions as jaundice, low-grade infections, and diffi culty in 
nursing. A Kangaroo Mother Care component was specifi cally added to work with 
mothers and premature infants. 16  The Government of Israel’s MASHAV, with 
 support from MCI and the Kumasi Metropolitan Health Directorate, funded and 

16   Kangaroo Mother Care, developed by Dr. Nils Bergman of the University of Cape Town, is a set 
of protocols embraced by the World Health Organization that has proven highly successful in sup-
porting mothers and saving the lives of newborns and premature infants through the combination 
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built two such centers, locally known as Mother-Baby Units, or MBUs, in two 
underserved Kumasi sub-metros. Two more MBUs, also courtesy of the Government 
of Israel, are currently planned for other sub-metros at the request of city health 
authorities, who very much appreciate the effectiveness of these units in resuscitat-
ing and treating newborns on-site and for signifi cantly decongesting the neonatal 
ICU, which can now dedicate more space, staff, and time to its gravely ill patients. 

 The recent development and promulgation by the American Academy of 
Pediatrics (AAP) of its Helping Babies Breathe™ (HBB) training protocol, a distil-
lation of the AAP’s proven, comprehensive set of protocols embodied in its Neonatal 
Resuscitation Program, gave MCI a further opportunity to strengthen capacity in 
newborn emergency care beyond the cohort previously trained by the Israeli practi-
tioners. MCI developed a program to train health staff in HBB at every sub-metro 
health facility in  both  Millennium Cities in Ghana, Kumasi, and Accra 17  and to fol-
low up with the mothers and babies over a 6-month period. With funding from 
Johnson & Johnson, in-kind support from the US-based nonprofi t AmeriCares, and 
the cooperation of the Ghana Ministry of Health, Ghana Health Service, and the 
Accra and Kumasi Metropolitan Health Directorates, MCI trained 120 practitioners 
and resuscitated 68 newborns out of 2004 live births (3.4 % of our total). In Ghana’s 
national insurance scheme, under which it is free for mothers to come in for monthly 
postnatal checkups and inoculations, MCI and our local partners were also able to 
follow up on 1,650 registered mother/baby pairs, 18  providing tips on infant and 
under-fi ve health, hygiene, and nutrition to the mothers—thereby improving the 
likely health outcomes for the families as a whole. 

 I have described this sequence of interventions in some detail, because it is an 
excellent example of a dire need identifi ed through research and consultation—in 
this case, the high neonatal mortality rate and unacceptably cramped ICU—that was 
met by a cascade of opportunities. The brilliance and ingenuity of the Israeli doctors 
and the generosity of their government, the timely development and effective dis-
semination of the AAP’s HBB training protocols, the interest of Johnson & Johnson 
and AmeriCares in improving newborn survival, and Ghana’s national insurance 
plan ensuring the ongoing, regular participation of the mother/baby pairs through 
the immediate postnatal period, combined to create a response that could not have 
been foreseen or planned. It was rather a function of the careful research illuminat-
ing this serious gap, coupled with the strong working relationships with relevant 
actors and institutions on the ground; the network of national and international part-
ners able to contribute according to their abilities and means; and MCI’s keen inter-
est, tenacity, and fl exibility in being able to maneuver between these quite different 

of skin-to-skin contact, exclusive breast-feeding, early release from the hospital, and the intimate 
bonding that inevitably results. 
17   To help address the urgent need to reduce neonatal mortality in the Ashanti countryside, 
Millennium Villages Project health staff were also trained, as part of both the Israeli-led instruction 
in Kumasi and the training in HBB. 
18   The number of pairs attending the MCI workshops, however, decreased signifi cantly over time, 
from the fi rst monthly checkup/inoculation appointment to the fourth. 
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actors in the public and private arena to put together a replicable, scalable program 
that has already saved many new lives. Indeed, with renewed support from Johnson 
& Johnson, the project has been adapted this year for replication in northern 
Ethiopia, both in the Millennium Villages there and in the Millennium City of 
Mekelle. 19  

 A further example relates to girls’ education and empowerment, both of which 
signifi cantly lag behind the MDG targets in all our sites. Together with MCI partner 
LitWorld and in close coordination with the local public school districts, MCI has 
created Girls’ Clubs, or “LitClubs,” in two of the Millennium Cities (Kisumu and 
Kumasi) and has trained female teachers in each city to serve as LitClub facilitators 
and role models for these adolescent and/or prepubescent girls. Activities focus on 
literacy strengthening; helping each child fi nd her individual voice; connecting and 
sharing stories and poems, artwork, thoughts, and ideas with girls in other Girls’ 
Clubs worldwide; and forging a sense of compassion, sisterhood, and mutual 
responsibility, both among LitClub members and with the larger community. 

 Eight Kisumu and 30 Kumasi teachers have been trained and have been running 
four Girls’ LitClubs in Kisumu and 15 in Kumasi. Numerous girls have already 
been identifi ed as at-risk, as the girls and their facilitators have opened up to each 
other in this; some girls were actually being “kept” by much older men, who may 
have paid a portion of their school costs, and others had endured domestic violence 
or abuse at home. 

 Both local school districts immediately embraced and understood the utility of 
the program, which deepens the existing health- and hygiene-related offerings for 
their female students, thereby addressing (at least in part) concerns about female 
student retention. The school districts are eager to scale this intervention citywide. 
Moreover, in the summer of 2012, the lead Kisumu teachers, backed by the 
Municipal Education Offi ce and perceiving the need and opportunity to attend to the 
shockingly similar pressures and concerning issues affecting adolescent boys, 
worked with MCI staff and several Harvard Summer School students to train six 
more teachers and establish MCI’s fi rst three Boys’ LitClubs, a number we hope to 
grow signifi cantly in the coming years. LitWorld and MCI also perceived a tremen-
dous appetite in Kisumu for a Mothers’ Club and organized a hugely successful trial 

19   Other examples of MCI’s taking advantage of opportunities to address identifi ed needs include 
our sanitary pad-making project in Mekelle, conceived and implemented by Columbia University 
School of Nursing Clinical Instructor Mary Moran and her nonprofi t organization, Girls2Women. 
The project, which has been adopted wholeheartedly by the Mekelle public schools, trains early 
adolescent girls to sew recyclable cotton sanitary pads, making it possible and affordable for them 
to remain in school during their menses.   The other two examples are: (a) MCI partner CyberSmart 
Africa’s work with interactive digital pens and smart boards in public middle schools in Louga, 
Senegal, and the nearby Millennium Villages, to hone learning skills and to help keep girls in 
school; and (b) MCI’s extensive partnership with the Himalayan Cataract Project, furthest evolved 
in Mekelle, Ethiopia, and Kumasi, Ghana, where top ophthalmologists have by now carried out 
thousands of cataract repair and other eye surgeries, have trained local ophthalmologists to do the 
same, and are now opening a Regional Center for Eye Care Excellence in both sites, to be led by 
these now-seasoned local practitioners. 
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workshop, including many of the Girls’ LitClub girls and their mothers, during 
which the palpable hunger for learning and the joy shared in this unusual, creative, 
intergenerational communication confi rmed the transformational potential for this 
exciting intervention. 20  

 In Kumasi, the ready availability of quality bamboo, combined with a resilient 
and attractive bike design created by Earth Institute colleagues, a feasibility study 
by KPMG, and an intrigued domestic investor who fi rst heard of this possibility at 
a Kumasi Investment Day hosted by MCI at Columbia University in New York, has 
resulted in the construction of a state-of-the-art bicycle factory that has employed 
dozens of Kumasi residents. So far, hundreds of sturdy bikes ideally suited to the 
needs of local students, community health workers (CHWs), and farmers in rural 
areas have been produced. The Millennium Villages Project has considered pur-
chasing dozens of bikes for its CHWs in a new MVP project in the north of Ghana, 
and MCI and MVP are considering planting some of this fast-growing bamboo in 
wetland areas near the MVP that have been severely degraded by large-scale corpo-
rate mining. 

 Again, these opportunities could not have been foreseen in MCI’s project 
design. A renewable natural resource, constructive ingenuity, a certain dose of ser-
endipity, and the zeal and commitment of a Ghanaian businessman to invest in his 
hometown were the recipe for the development of an exciting investment prospect 
brought to fruition. 21   

    Bringing It All Together: Convening and Convergences 

    Stakeholder Consultations 

 Once the MDG-based needs assessments, investment-related research, and house-
hold surveys have been completed, MCI and city authorities work together to con-
vene a diverse array of stakeholders to consider the fi ndings and the estimated costs 
of implementing MCI’s recommendations, weigh their foremost concerns and con-
siderations, and determine together their top development priorities that can serve 
as the basis of a City Development Strategy (CDS) designed to achieve them. 
These priorities, thoughtfully mulled and debated by the assembled business lead-
ers, youth, women, civil servants, academics, and NGO representatives, are then 
fl eshed out into a full-fl edged road map charting the city’s forward growth and 
development. 

 This consultative process has been completed in fi ve venues—Mekelle, Kumasi, 
Segou, Bamako, and Louga. While the proportion of representation from the private 

20   See below for more about MCI’s and LitWorld’s plans and pending fi nancing, to grow the 
LitClubs program, for girls, boys, and their mothers. 
21   For more on MCI’s bamboo bike project and the company, Bamboo Bikes Ltd., see  http://mci.
ei.columbia.edu/?id=bamboo_bikes , and  http://bamboobikeslimited.com . 
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sector, NGO community, slum dwellers’ associations, and regional government has 
varied from one set of consultations to another, the level of discussion has been 
uniformly high, with important insights voiced and heard by all present—from each 
city’s mayor and chiefs to the modest street vendor. These open, cross-sectoral, 
cross-class discussions are already a rare and noteworthy event in most of the 
Millennium Cities 22 ; what MCI tries to do, especially in the venues less accustomed 
to hearing the voices of the underserved, is to elicit, record, and underscore the 
comments from this constituency, with particular attention to the degree to which 
they reverberate with MCI’s own evidence-based observations and fi ndings. These 
consultations are at the heart of MCI’s approach, constituting a vital reality check. 
As external technical advisors, professors, and students, it is critical for us to 
remember that we are, fi rst and last, outsiders, with infi nitely more to learn than we 
could possibly share. We have far less at stake than our local partners, in whose lives 
and whose children’s lives, livelihood, and living conditions we are all engaged in 
action-oriented thought. 

 As at most times in this work, the risk of trampling on tradition, on cultural 
mores, and even, quite literally, on ancestors—as occurred last year with our archi-
tects in Accra’s old Ga Mashie neighborhood—is severe. In the case of Ga Mashie, 
we learned early on that we could simply forget about our plan for a straightforward 
vertical densifi cation of the residential compound, because the ancestors buried in 
each compound’s central courtyard required direct, unimpeded access to the sky and 
the stars. 

 Nowhere are cultural practices more fi rmly held than in the intimate arena of 
reproductive health. One can, for instance, make a compelling case to a pregnant 
woman that she delivers institutionally during a private consultation at the clinic. 
However, if the woman’s husband is not on board, she is a lot less likely to show 
up—unless her labor has already been compromised, at which point, by the time she 
arrives at the clinic, it may be too late. Of course, there are also more controversial 
health issues regarding family planning and genital cutting, where it has been dem-
onstrated that engaging the relevant family and community actors early on—the 
elders, imams, mothers-in-law, aunties, and, of course, the midwives—results in the 
best chance of success in amending behavior in healthful ways. 

 After initial presentations of MCI’s fi ndings by city administrators together with 
MCI and a series of breakout discussion groups, MCI’s stakeholder workshops con-
clude with plenary sessions in which all participants vote in a structured way for 
their preferred MDG-based priorities—the sectors, and the desired improvements 
within these sectors, that they believe will unlock the city’s growth and release its 
potential. They may be thinking of the much-needed improvements to the water 
system, which are so critical to public health, industry, and tourism, or of new and 
better classrooms, labs, and libraries that everyone deems essential to the city’s 
children and their common future. If the level of maternal mortality is especially 
high, they may wish to concentrate hoped-for donor resources on improving the 

22   With the possible exception of Kisumu and with its vibrant and highly conscienticized civil 
society sector. 
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continuum of care for pregnant women, including the maintenance of the requisite 
supply of drugs, safe blood and trained personnel to treat postpartum hemorrhage at 
the point of entry, and the health provider knowledge of when to refer to a tertiary 
facility if the mother’s condition can no longer be handled on-site. 

 Challenges in facilitating these stakeholder consultations include reconciling 
competing sectoral interests and priorities; managing confl icts with other projects 
and priorities championed by the city’s leadership 23 ; and dealing with the possibility 
that subtle and less subtle pressures will be felt by the less well-suited, more mar-
ginalized groups to remain silent regarding their own needs and priorities, thereby 
allowing an agenda promoted by the ruling interests to prevail. 

 In MCI’s experience, when all parties have reviewed together the priority areas 
to confi rm their consensus on the most important issues facing the city, there has 
been a remarkable sense of unity, direction, and hope—uncommon sentiments for 
people otherwise divided by class, gender, and often ethnicity, united only by their 
geographic coordinates.  

    Preparing the City Development Strategy 

 Once this process has been concluded, MCI is prepared to furnish a template and 
initial list of stakeholder-selected priorities and recommendations as a sort of blank 
slate on which local authorities can take the lead in this important exercise in local 
autonomy and MDG-based city planning. In cases where other strategic plans may 
be under way, recently ended, or contemplated by the parties, MCI is prepared to 
review, elucidate, and align the various documents with the MDG-related agenda. A 
technical team of city offi cials will be best positioned to take up the assignment of 
fl eshing out a full draft of the CDS and reckoning the approximate cost estimates 
issuing from MCI’s initial needs assessments with updated, on-the-ground costs for 
the implementation of any of the recommended interventions. 

 When the provisional CDS has been drafted, reviewed by MCI, and revised by 
the technical team, it can then be submitted to a representative group of city stake-
holders for discussion and validation. Upon completion of the fi nal version, the 
CDS should be shared with regional and national government and with individual 
donors and multilateral agencies, as appropriate, in order to mobilize the resources 
necessary to fi lling the defi cits singled out as blocking the strategy’s timely 
realization. 

 MCI has helped with this process, as well as with setting up a donor round table 
for the city (in some cases in association with a Millennium City Investors’ Day) to 
showcase and promote promising public and private sector investment opportunities. 
Offi cial donors, multilateral agencies and development banks, corporations with an 

23   For example, a commercial development or infrastructure project brought in by an elected offi -
cial may not be known to all stakeholders or may not fi t with the more organic, participatory view 
of community upgrading and economic development envisaged by MCI and other on-the-ground 
partners. 
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interest in the country or region, and foundations are targets for these events, as are 
individual investors and philanthropists. Regional and national government—
leadership as well as the relevant agencies—should play a key role as champions of 
their city’s vibrancy and potential and, in many cases, as reliable counterparties for 
any prospective investment.  

    Innovations 

 As described above, in many areas, MCI has determined that a new approach, 
developed and tested by MCI and its partners, can fi ll the gap. The Early Childhood 
Education program, School2School Connectivity Project, Neonatal Survival 
Training program for health staff and new mothers, our approach to integrated urban 
planning and design, and our Girls’ and Boys’ LitClubs, are key examples. 24  

 MCI has plans for further innovations, some of which constitute relatively mod-
est expansions of our ongoing work, while others require additional resources. 

 The fi rst major program undertaken by MCI—and now ready for expansion—is 
our pilot of an Urban Community Health Worker (CHW) training in Kisumu. 
Although training community health workers is commonly viewed as a cost-
effective solution for the countryside, where few medical resources are generally 
available, it is MCI’s contention that CHWs can be at least as effective, and a 
good deal more cost- effective, in urban areas, given the smaller distances and 
their ability to facilitate successful referrals and cover many more households in 
a given day. In urban settings, existing CHWs often focus on specifi c diseases or 
conditions, as they are generally trained by and accountable to individual, under-
coordinated  nongovernmental organizations with more limited mandates than what 
MCI has in mind. We intend for urban CHWs to be the frontline practitioners, just 
as in rural areas, but we wish for them to operate within a more tightly defi ned hub-
and-spoke framework, with a more closely networked healthcare system and at least 
several reasonably well-equipped facilities serving as home base and backup. 

 A second initiative in regional GIS mapping and planning, coupled with capac-
ity- and community-building and local governance strengthening, requires an infu-
sion of resources to purchase the GIS equipment that will enable community and 
local government representatives to train in its uses and applications. Such an exer-
cise will enable the community, urban policy planners, and environmental and 
emergency preparedness specialists to recognize the location and extent of pressing 
infrastructure gaps, schedule and budget essential repairs and upgrades, and learn 

24   Respectively, these projects were undertaken by the Mount Carmel Training Center, supported 
by the Government of Israel’s Agency for International Cooperation (MASHAV), in Kumasi and 
now Accra; MCI, in partnership with Columbia University Teachers College, Ericsson, Airtel 
Ghana, and the Kumasi Metropolitan Education Directorate; MCI, in partnership with Johnson & 
Johnson, AmeriCares, the Ghana Health Service, and the Accra and Kumasi Metropolitan Health 
Directorates; MCI, together with the Earth Institute’s Urban Design Lab and Center for Sustainable 
Urban Development, Accra Metropolitan Assembly, Kumasi Metropolitan Assembly, and Kwame 
Nkrumah University of Science and Technology; and MCI and LitWorld, together with the Kisumu 
Municipal Education Offi ce and the Kumasi Metropolitan Education Directorate. 
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from local adaptations to chronic fl ooding and other impacts of climate change. 
Once equipped and trained in the uses of smartphones and/or other devices to carry 
out interactive GIS, ordinary residents will be able to report a fl ooded street or sew-
age line break to the City Hall, know that the information will appear immediately 
on the screens of the relevant offi cials, and expect a timely, effective government 
response. Based on the information gleaned, neighborhood consultations with local 
government offi cials to discuss the most pressing problems and plan viable reme-
dies will not only improve communication and trust but can also enlist the commu-
nity itself in the work of repairing or replacing inadequate civic infrastructure. 

 To deepen this involvement, MCI plans to engage the communities and residents 
themselves in the actual upgrading as part of their path to social and economic 
empowerment. The Urban Design Lab and MCI hope to mobilize—indeed, not only 
to mobilize but also to monetize as a tradable asset—the nearly boundless social 
capital inherent in each community. As an example, a mother interested in convert-
ing the front of her home into a retail storefront might trade an agreed amount of 
cooking or day care for an agreed amount of carpentry, plumbing, or electrical work 
to be carried out by a neighbor. We imagine a sort of exchange, to be guaranteed and 
perhaps run by a fi nancial institution, wherein precise units of work, each with an 
attached monetary value, might be appraised and converted into currency or “cred-
its” representing earned units of social capital that can be “spent” or reinvested in 
the new project. 25  

 As mentioned, MCI and the Kisumu and Kumasi school districts hope to expand 
the Girls’ and Boys’ LitClubs program to cover many more girls and boys by estab-
lishing a number of Mothers’ Clubs as a way to delivering to so many actual heads 
of families a range of services, including: livelihood, literacy, fi nancial literacy, and 
ICT training that can lead to higher-income job opportunities; health care, screen-
ings, and counseling; and advice on nutrition, family health, and hygiene. 

 MCI envisages taking the expansion of Girls’ to Mothers’ Clubs many steps 
further—to the creation of dedicated Centers for Women and Girls in several 
Millennium Cities, where Girls’ and Mothers’ Clubs and a comprehensive package 
of services and activities can be offered. In both Kisumu and Kumasi, services and 
activities addressing the declared needs of local women and girls are already well 
under way. In Kumasi, together with the women of the vibrant downtown Bantama 
neighborhood, Columbia’s Urban Design Lab, Kumasi’s Kwame Nkrumah 
University of Science and Technology, LitWorld, the Regional Ministry Department 
of Women, Global Fund for Women, African Women’s Development Fund, Ghana’s 
Association of Small-Scale Industries, and many other partners, we have also 
helped to plan, structure, and design such a Center, for which the city is now seeking 
fi nancial and technical partners. 

25   Conceived by UDL faculty and MCI Advisory Committee member Geeta Mehta, a social capital 
credit system goes hand in glove with community upgrading while realizing other MDG-related 
objectives as well. As another example, youth in a poor community might support that community 
by paving or building a gutter in an alleyway that fl oods regularly, thereby earning SoCCs they can 
then use to start their own mobile phone repair shop or to enroll in a mobile phone repair or other 
technical training courses. 
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 Strategically located near the open-air market at the heart of this thriving 
developing world city, the Kumasi Women’s and Girls’ Center will be run by indig-
enous women’s organizations and vertically integrated with competent and commit-
ted national and international organizations able to provide meaningful, timely 
backstopping on a wide range of women’s issues. The offerings currently envis-
aged, all of which have been recommended in the course of extensive consultations 
with local women, girls, and local authorities, include a sexual and reproductive 
health clinic, complete with rape counseling, emergency contraception, and family 
planning; a classroom to host training in literacy, fi nancial literacy, computer liter-
acy, mobile banking, savings, a myriad of job skills, and conservation-related activ-
ities; a day care and business center; and a large attractive space for meetings, 
speaker series, fi lms, exhibitions, and concerts that can be rented out for weddings 
and other private and corporate events. 

 The purpose of these and similar such centers in Kumasi, Kisumu, and other 
partner venues is to empower women and girls and, through them, their communi-
ties, improving their lives and their options in irreversible, singularly transforma-
tive ways. Of course, the offerings, governance structures, and fund-raising 
modalities will vary widely from site to site. The research hypothesis here is that 
women and girls working together in a safe, dedicated space to address multiple 
priorities of vital interest to themselves, their families, and communities can effect 
lasting change through a synergistic assault on some of the symptoms and deep 
structures of the searing poverty they face every day—the poverty that so con-
strains their choices and their children’s future. It is the hope of both the MCI and 
the Earth Institute and other international and local partners that establishing, pilot-
ing, and evaluating such Centers can lead to the confi rmation and further champi-
oning of women as the primary delivery system for tangible progress toward 
achieving the MDGs.   

    Monitoring and Evaluation (M&E) 

 Due to its scope, levels of complexity, open-ended timetable, and pattern of city- 
specifi c evolution in response to identifi ed need, MCI has not instituted a one-size- 
fi ts-all monitoring and evaluation component. We have put many tools in place, 
however, that give us feedback at multiple levels on the impact and effectiveness of 
our engagement with the individual cities and their residents. 

 First, MCI trains city employees in the relevant sector to work with the need 
assessment and costing instruments so that they can update the city’s statistics on 
an annual basis, at least until the 2015 target date for MDG attainment. Obviously, 
MCI’s published needs assessments cover education, gender, health, and water/
sanitation, providing only a snapshot linked to a given moment of the city’s capac-
ity for service delivery in these sectors. These initial assessments have established 
certain baselines against which annual progress toward attaining the Goals in each 
area can be measured. The regional investment initiative, too, has established clear 
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metrics against which progress is noted (most signifi cantly, the ability to engage in 
investment profi ling and promotion and the number of substantial, job-generating 
investments) in each of the participating Millennium Cities. Finally, many of the 
individual projects developed in response to specifi c gaps have their own M&E 
components, whether in our School2School Connectivity Project or the HBB train-
ing work described above. MCI is working to strengthen the reporting by the ultra-
sound trainees in Kumasi 26  and the health staff at Kumasi’s two neonatal triage 
clinics (Mother-Baby Units, or MBUs). Although we are seeking data on symp-
toms, diagnosis, treatment, and follow-up, at this point the numbers of screenings, 
clinic visits, and the resulting decongestion of the neonatal ICU are the only data 
MCI and its partners have been able to obtain from our local colleagues on a regu-
lar basis. 

 Our MDG-based household survey is subjected to several layers of evaluation, 
few of them conventional. First is the validation of MCI’s survey fi ndings by the 
participating communities themselves, in what is apparently a rare instance of 
researchers returning to share their fi ndings with those under scrutiny. 27  In our fi rst 
pilot of this new instrument in Kisumu, Kenya, the 40+ community members with 
whom we held a workshop to review and give feedback on our fi ndings—all were 
residents of one of three informal settlements where the study was carried out—
were wonderfully responsive, exigent, and ultimately affi rming of our conclusions, 
defi ning these, in many cases, with even greater precision than our own analysts 
had done. 

 These fi ndings are now being translated into recommendations to policymakers 
at the level of the Kisumu City Council, city managers, and the new county govern-
ment. As an example, while everyone is aware that transport is a major inhibitor for 
slum dwellers in the neighborhoods of Nyalenda A, Nyalenda B, and Obunga, it 
may be helpful to know that fi xing the existing roads is a higher priority for resi-
dents than adding a walkway, bike path, or more buses. In Obunga, adding more bus 
routes is considered even more important than fi xing the roads. In negotiations with 
private and public sector utilities and when preparing their annual budgets, it might 
also be useful for local offi cials to know that lack of access to clean water in these 
three neighborhoods is considered far less of a community-wide crisis than the 
dearth of sanitation and solid waste disposal facilities, which has resulted in the 
depositing of fecal matter and other wastes along footpaths and in drains, exacerbat-
ing the poor hygienic conditions and heightened rates among children of infection 
with waterborne diseases. 

 Having identifi ed and confi rmed the most severe defi cits and priorities, MCI will 
assist community members in advocating for these upgrades in their community 
infrastructure and will follow up with the relevant municipal authorities. Two fi nal 

26   The series of trainings has been conducted by the London-based International Society for 
Ultrasound in Obstetrics and Gynecology, with ultrasound equipment donated by Siemens. 
27   MCI was told by members of the community that although many researchers had come to 
Kisumu to investigate one aspect or another of their poverty, we were the fi rst to return and share 
our fi ndings with the study population. 
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measures of the usefulness of the survey fi ndings will come in the form of: (1) a list 
of those recommendations that are actually budgeted and built/improved; and (2) an 
account of the impact on the community of each improvement. 

 MCI is now putting in place a robust M&E of the effectiveness of our Girls’ 
LitClubs that will take into account not only any change in the girls’ academic per-
formance, but also their levels of confi dence, sense of compassion and altruism, and 
the impact on their families. We will also examine effects of the program on the 
Girls’ Clubs facilitators themselves, including changes in their effectiveness as 
teachers, sense of confi dence and altruism, and the effect of their training and men-
toring on their schools and communities. We are also developing a multilayered 
iteration of the planned Women’s and Girls’ Centers, including the selection of 
baseline indicators to be measured and an impact evaluation on the participating 
women and girls, 28  their families, and the surrounding community.   

    Dissemination, Replication, and Scaling Up 

 MCI publishes its research fi ndings on the MCI website and in professional journals. 29  
For our Regional Partnership to Promote Trade and Investment in sub- Saharan Africa, 
each participating city has created its own investment-related website, and each 
investment specialist has created his own log of activities, prospects, events, leads 
worth pursuing, and lessons learned, to be shared with city authorities and across the 
Regional Partnership. Additionally, MCI is developing an online toolkit to help cities 
attract investment. This virtual manual will spell out the steps for preparing materi-
als, promoting investment opportunities and promising sectors, targeting and courting 
prospective investors, and providing effective aftercare  services to ensure investors’ 
ease of maneuvering and their satisfaction with their decision to invest in this venue. 

 Project-wide, MCI is also creating a new online “MCI Field Guide” that can 
serve as a “how to” for municipalities, agencies, NGOs, and individuals worldwide 
in everything from becoming a full-fl edged Millennium City start-to-fi nish to repli-
cating a MCI-designed project, such as our School2School Connectivity, Neonatal 
Resuscitation Training program, or Regional Partnership to Promote Trade and 
Investment in a new venue. 30  

 Municipal offi cials worldwide, in poor countries and wealthy ones, can also 
search our fi eld guide for the needs assessment and survey instruments MCI has used 
or generated, complete with manuals or relevant information for carrying them out in 
areas deemed to require urgent attention. Once these cities have measured how far 

28   In the Kumasi case, this would involve measuring also the impact of the designed physical space 
itself on the outcomes of the interventions among the women and girls. 
29   The MCI website, mci.ei.columbia.edu, is part of the Earth Institute website, at Columbia 
University. 
30   For projects carried out as part of a Millennium City program designed by a MCI partner, MCI 
directs interested parties to the appropriate organization or individual. 
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off-track the city is from attaining the MDGs in a particular area, they can design a 
package of targeted interventions expected to have a synergistic impact. Data, social 
sector, and investment analysts in local governments around the globe can read the 
MCI fi eld guide to learn about valuable case studies in their particular fi elds of inter-
est, including descriptions of best practices and lessons learned. This fi eld guide is 
part of MCI’s fi rm commitment to capacity building, which is the sine qua non of all 
fi eld-based development work. Whole projects are clearly described and detailed so 
that they can readily be replicated and/or scaled, and pending resources and govern-
ment commitment, a government’s response to specifi c issues (e.g., neonatal sur-
vival) or to entire sectors (e.g., public health) can be reconfi gured and rendered 
signifi cantly more effective, based on the MDG-based prescriptions and recommen-
dations enumerated in the needs assessments and household surveys. 31   

    Conclusion 

 Overcrowded, underserved informal settlements have been part of the landscape 
since time immemorial. What has changed is that they have increasingly come to 
defi ne the planet’s present and are slated, should the current ratio of population 
growth to levels of investment persist, to be the face of its future. But as efforts 
continue, both to increase awareness of the scope of the challenges cities face and 
to gin up development assistance and private sector investment accordingly to 
meet these challenges, it is the  thinking  about urban poverty that urgently needs to 
be jolted into the twenty-fi rst century. The essential integration of infrastructure 
with public health; the relevance of maternal survival not only to family nutrition 
but also to educational attainment, reductions in street crime, and improved eco-
nomic outlook of entire communities; the centrality of clean water and adequate 
sanitation facilities to everything from child survival to student retention to the 
hopes of attracting tourists and foreign investors, all pose evidence of the utility of 
the fundamentally integrated, MDG-based conceptual framework that is at the 
heart of our work. 

 We live at a lucky moment, when the understanding, science, and technologies 
are readily available to devise transformative solutions to many of the seemingly 
chronic urban problems referenced in this chapter. There is no doubt that innovative 
action research, carried out by practiced groups and individuals from across the 
globe, will develop a repertoire of smart, effective interventions that can dramati-
cally accelerate progress toward MDG attainment and the end of urban poverty, 
leapfrogging over many of the well-intentioned but inevitably inadequate single- 
sector fi xes of the past. We require only the resolve, the tenacity, the treasury of 
willing and capable partners, and, fi rst and last, the compassion, so that we might 
keep going, despite the many daunting obstacles, to see the cities where we are 
working through such transformations to a more humane, just, and healthier world.    

31   The remaining constraints on rapid progress generally align with those interventions and/or pol-
icy changes that cannot take place solely at the municipal level. 
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    Chapter 12   
 Diagnostic Innovations in Developing 
Urban Settings 

             Patrick     Beattie      ,     Matthew     Stewart     , and     Charles     Mace    

           Health in Developing Urban Settings 

 There is a signifi cant body of literature highlighting the importance of point-of-care 
diagnostics in improving health in developing countries [ 1 ]. Access to effective 
healthcare options can be severely limited in the developing world by the (typically) 
large distance between villages and appropriately stocked clinics and poor accessi-
bility to skilled clinicians and physicians. This problem is often exacerbated by inad-
equate access to clean water, sanitation services, and a reliable source of electricity. 
The development of diagnostic tests, designed specifi cally for use in low-resource 
settings, would thus meet a substantial need. Urban and rural settings in the devel-
oping world are often beset by a lack of resources. The unique characteristics and 
different diagnostic needs of each setting, however, must be considered. Much attention 
is given to novel diagnostics designed for primary care settings in rural areas where 
patients are geographically far from the formal healthcare system, while urban areas 
are largely ignored. To understand the importance—and future—of diagnostics in 
developing urban settings, it is necessary to fi rst understand the distinct ecosystem 
present there. 

 While the world is becoming more urbanized, there are signifi cant differences 
behind the reasons for urbanization and the effects of urbanization on a city’s residents 
in developed- and developing countries. Developed country urban areas and develop-
ing country urban areas have very different standards of public health, environmental 
health, and city planning. Between developing urban areas, there is important vari-
ability. For example, while urbanization appears to correlate with economic opportu-
nities in many Latin and South American countries, this trend does not hold in 
Africa, where urbanization is more often driven by high fertility rates and people 
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fl eeing rural poverty. More importantly, developing urban areas have not benefi ted 
from the health improvements afforded by better housing and sanitation—as has 
occurred in developed urban areas. Instead, developing urban areas contend with an 
increasing burden of noncommunicable diseases in addition to persistent infectious 
disease. According to a 2000 World Health Organization article, the environmental 
change precipitated by urbanization has created novel environments for the spread of 
pathogens not typically found in those areas, adding to the burden of existing infec-
tious disease. Unregulated slums in large cities, in particular, are susceptible to these 
effects [ 2 ]. 

 An additional problem in developing urban areas is the large disparity between 
high-income and low-income populations. Income disparity without an engaged 
middle class can undermine public health services, leaving low-income patients 
with few affordable health options. High-income communities are typically more 
engaged in government and public decision-making than those in low-income 
groups, and they also are able to insulate themselves from the dangerous risk factors 
common in cities (e.g., pollution, poor health services, poor nutritional content of 
food). There is thus little incentive to improve public health systems that would 
benefi t all levels of society. Without a middle class that is politically engaged but 
unable to afford the insulating solutions of the wealthy class, the unengaged poor 
are left with suboptimal public health systems and the burden of paying for health 
services through the private sector [ 2 ]. Therefore, affordable healthcare options are 
just as important in developing urban areas, as patients rely more on private provid-
ers of health care. Likewise, assumptions that point-of-care diagnostics are unnec-
essary in urban areas (where the distance to healthcare facilities is not as great as 
in rural areas) do not hold, though for different reasons that are outlined below. 
Other characteristics of an ideal diagnostic for rural settings, while still favorable, 
might be deprioritized depending on how health care is provided. To identify which 
characteristics are important in urban areas, we must fi rst look at the types of 
diseases needing to be diagnosed.  

    Disease Classifi cation and Diagnostic Needs 

 Diseases can be classifi ed as either  communicable  or  noncommunicable . Communicable 
diseases are those caused by pathogenic microorganisms (i.e., viruses, bacteria, and 
protozoa) and can be transmitted between people or animals, whereas noncommuni-
cable diseases are those that cannot be transmitted to others. Both types of diseases can 
present as an acute sickness or a chronic, persisting affl iction. Communicable and non-
communicable diseases present the healthcare system with very different challenges in 
terms of diagnosis and treatment. Communicable diseases primarily require diagnostic 
tools to identify a causative agent in order to inform proper treatment, while noncom-
municable diseases, especially those of a chronic nature, require diagnostic tools for 
ongoing patient monitoring as well as initial diagnosis. Though the diagnostic require-
ments for each disease type differ, management of each disease type in developing 
urban settings would greatly benefi t from innovation. 
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    Communicable Diseases 

 Communicable diseases can spread through a population by a number of different 
mechanisms that result in the transmission of pathogens to humans: (1) direct trans-
mission between people via contact with contaminated bodily fl uids (e.g., rhinovi-
rus or  M. tuberculosis ); (2) indirect transmission through environmental 
contamination, often with an origin in the feces of humans or animals (e.g., Giardia 
parasites or  E. coli  bacteria); (3) by a vector through a relatively unaffected host 
organism (e.g., malaria parasites carried by mosquitoes); or (4) by infected animals 
(e.g., rabies virus). Zoonotic pathogens—those agents transmitted to humans from 
nonhuman origins—account for greater than 60 % of infectious diseases that affect 
humans [ 3 ,  4 ]. In the case of zoonotics, the value of diagnostic tests rises beyond 
monitoring populations of animals (e.g., livestock and companion animals) to pro-
tecting human health, food sources, and the livelihood of farmers. 

 The focus of a diagnostic for a communicable disease is on the identifi cation of 
a causative agent to inform clinicians and guide the selection of a treatment. Once 
an appropriate treatment has been determined, the need for further diagnosis is min-
imal; notable exceptions include chronic communicable diseases (e.g., hepatitis C), 
which might require ongoing monitoring [ 5 ]. In rural settings, a rapid diagnosis is 
important, because patients must travel long distances to centralized health facili-
ties, and patient follow-up is diffi cult [ 6 ]. If they do not receive a diagnosis with 
their initial visit, it is unlikely that they will receive their results. These limitations, 
especially physical distance, do not necessarily apply in developing urban settings, 
but the need for rapid identifi cation of communicable disease is just as important. In 
one study, less than 10 % of the patients testing positive for syphilis using a non-
rapid diagnostic in Nairobi received treatment [ 7 ]. Additionally, poor public health 
and high population densities mean that hospitals are typically overburdened, and 
the time to treatment and quality of care can suffer [ 8 ]. One way to alleviate some 
of this burden is to push screening for communicable diseases to primary care facili-
ties or the home through the use of point-of-care diagnostics. This strategy would 
allow for effi cient triage outside of the hospital, separating those who need hospital 
follow-up from those who can self-treat. This potential improvement in care provision 
is dependent on innovations to bring the high quality of testing found at centralized 
hospitals to point-of-care platforms available outside of the hospital. 

 Below, we describe the potential for low-cost diagnostic tests to improve health 
care in developing urban settings using two model communicable diseases: enteric 
disorders and HIV/AIDS. 

    Enteric Disorders 

 Diarrhea, caused by infections from enteric pathogens, is a leading cause of mortality 
and morbidity worldwide [ 9 ] and affects young children disproportionately [ 10 ,  11 ]. 
The reduced availability of clean water and unsanitary living conditions in many 
developing urban environments (e.g., slums) exacerbates the spread of enteric 
diseases. The physiological symptoms of enteric disorders are easy to diagnose 
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(e.g., abdominal pain and/or diarrhea [ 12 ]), but infection by a number of pathogens 
[ 13 ]—bacteria (e.g., enterotoxigenic  E. coli ), viruses (e.g., rotavirus), and protozoa 
(e.g., cryptosporidium)—are known to cause this very common condition. Proper 
treatment requires identifying the cause of the symptoms. Antibiotics, for example, 
will not cure viral diseases and, when administered prophylactically, can lead to drug 
resistance [ 14 ] or advantageous colonization by dangerous fl ora [ 15 ]. Therefore, it is 
important for clinicians to use diagnostic tests to identify the specifi c pathogen before 
selecting a method of treatment. Two common test methods include molecular 
diagnostics and standard microbial culture techniques. These methods, however, are 
diffi cult to implement in low-resource settings, because they are either too expensive 
(e.g., PCR amplifi cation of a gene sequence) or require well-equipped, centralized 
laboratories with highly trained personnel (e.g., culture). In many cases, easy-to-use 
point-of-care tests to classify the pathogenic microorganisms would be suffi cient to 
infl uence healthcare decisions and select a course of treatment.  

    HIV and AIDS 

 Infection with HIV ultimately leads to AIDS, an incurable disease. While AIDS is 
no longer considered to be acutely fatal, it remains a global epidemic and affects 
developing urban environments disproportionately. The causes for this disparity are 
related to living conditions in comparison to those in rural or established urban set-
tings: inhabitants of developing urban centers become sexually active at a younger 
age, have more sexual partners, and are less likely to adopt preventative strategies 
[ 16 ]. AIDS can be managed with a carefully administered therapeutic program to 
slow the progression of the disease and treat opportunistic disorders. Over six mil-
lion people in the developing world are treated with highly active antiretroviral 
therapy (HAART) [ 17 ], antiretroviral drugs that inhibit a number of the important 
pathways in the replicative life cycle of the HIV virus. The result of effective treat-
ment is a decrease in the number of HIV particles in the blood and an increase in the 
number of CD4+ cells that can be found in the blood; diagnostic tests for these 
markers can be used as a prognosis of the effi cacy of HAART (vide infra). Another 
use of diagnostics in the treatment of HIV is to monitor the side effects of 
HAART. Antiretroviral drugs may cause hepatotoxicity [ 18 ]; therefore, rapid point-
of-care diagnostic assays for liver function would help healthcare workers deter-
mine the safety and effi cacy of treatment regimens.   

    Noncommunicable Diseases 

 Noncommunicable diseases are the predominant cause of death worldwide. 
According to a 2012 WHO World Health Statistics report, mortality rates from 
noncommunicable diseases are rising and account for approximately 60 % of deaths 
per year in low- and middle-income countries [ 19 ]. Therefore, these diseases are a 
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major threat to global health and economic development. While noncommunicable 
chronic diseases, such as cardiovascular disease, cancer, and diabetes may have 
once been thought of as developed-world problems, the reality is that the develop-
ing world accounts for the majority of this burden. In a 2007 paper in  The Lancet , 
Abegunde et al. state that in 2005 over 80 % of global deaths from chronic diseases 
occurred in low- and middle-income countries and that the overall burden of chronic 
diseases was quickly increasing, driven by rapid population growth in developing 
urban areas [ 20 ]. According to the same paper, the cost of doing nothing to address 
the issues of heart disease, stroke, and diabetes—in terms of reduced economic 
output—will be $84 billion over a 10-year period, with millions of people unneces-
sarily dying during that time period. Requiring patients to utilize healthcare facili-
ties for ongoing management of their disease is ineffi cient and unsustainable. 

 Unlike communicable diseases, whose causative agents are identifi able, the 
causes of noncommunicable diseases are more diffi cult to diagnose. Sources of 
noncommunicable diseases may be environmental, genetic, or due to lifestyle 
choices. Diseases caused by environmental factors—or those that cannot be directly 
controlled by an individual—include acute toxicity from the ingestion of heavy 
metals (e.g., tainted water supply) and the effects of malnutrition. Genetic diseases 
include autoimmune disorders (e.g., lupus or celiac disease), hemophilia, and sickle 
cell anemia. Diseases that arise from the lifestyle choices of an individual include 
cirrhosis (liver damage linked to alcoholism) and emphysema (lung damage linked 
to smoking tobacco). While it may be instructive to classify the causes of noncom-
municable diseases in this way, a great number of them are caused by a combination 
of factors. Examples of such noncommunicable diseases include diabetes mellitus 
type 2 (lifestyle choices and genetics) [ 21 ], allergies (environmental and genetics) 
[ 22 ], and cancer (environmental, lifestyle, genetics) [ 23 ]. 

 According to a 2005 analysis of the disability-adjusted life years (DALY) 
burden—a measure of the costs of mortality and morbidity—in developing countries, 
the most burdensome noncommunicable diseases are: cardiovascular diseases, diabe-
tes, cancer, and chronic respiratory diseases [ 24 ]. Notably, an important factor in the 
large DALY burden for each of these diseases is their chronic nature, requiring ongo-
ing monitoring and care. A prime example of this is diabetes, where a single test might 
identify a patient as diabetic, but one or more blood glucose tests per day are needed 
to maintain an individualized plan to manage a patient’s health. The need for continual 
monitoring in parallel with an extended period of treatment creates a vastly different 
model of healthcare provision than that encountered during the management of com-
municable diseases. If patient monitoring is limited to health facilities, the patient 
burden on the health facility will continue to increase, overwhelming the facility and 
reducing quality of care for all patients. Despite the physical proximity to healthcare 
facilities in developing urban areas, at-home diagnosis and monitoring solutions must 
become an integral part of the healthcare system. 

 For certain noncommunicable diseases (e.g., cardiovascular disease, many cancers), 
initial diagnosis requires highly skilled personnel and centralized facilities with spe-
cialized instrumentation. Access to these resources is restricted in most developing 
urban areas, due to heavily constrained healthcare budgets. The emerging fi eld of 
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biomarker discovery, however, is reforming this paradigm by enabling the development 
of rapid, point-of-care diagnostic tests for noncommunicable diseases. A prominent 
example is the quantitative measurement of cardiac troponins as a means to diag-
nose cardiac health [ 25 ]. Immunoassays for troponin have been developed success-
fully for a number of laboratory [ 26 ] and point-of-care platforms [ 27 ]. These 
point-of-care technologies, however, rely on portable electronic instruments and 
individual test cartridges. The high costs associated with these components have 
limited their penetration in developing world markets. 

    Diabetes 

 For many reasons, diabetes can be considered the archetypal noncommunicable 
disease. There are methods to diagnose, monitor, and manage diabetes, and diagnos-
tic tests are available and in use globally. Before the fi rst blood glucose reader was 
introduced in 1970, monitoring of glucose levels by patients was limited to urine 
dipsticks. This was suboptimal, as urinalysis could only detect blood glucose levels 
elevated above the renal threshold and with an inherent delay in the results. Despite 
these limitations in at-home monitoring, it was not until the mid-1970s that at-home 
use of blood glucose readers was considered, and even then, there were signifi cant 
concerns as to their accuracy, ease of use, and affordability [ 28 ]. The concerns have 
been addressed through technological advances, and at-home blood glucose moni-
toring is now an integral part of managing diabetes in developed countries. Similar 
diagnostic strategies exist in the developing world, but signifi cant challenges still 
remain due to the economic strain of frequent testing and treatment. The costs associ-
ated with diabetes—due to the aggregate prices of consultation, syringes, insulin, 
and testing—can be massive in comparison to an individual’s yearly income. For 
example, the cost of treating diabetes can account for up to 75 % of yearly wages for 
those living in developing urban settings [ 29 ]. Further complications arise for indi-
viduals with tuberculosis infections, as there is a strong link between diabetes and an 
increase in the risk of developing active and diffi cult-to-treat tuberculosis [ 30 ]. 
Proper diagnostic tests for each disease would generate valuable, actionable informa-
tion toward providing individualized health care, and affordable at-home monitoring 
solutions would improve service provision at overburdened hospitals.  

    Cancer 

 One of the most diffi cult diseases to diagnose in a point-of-care or low-resource 
environment is cancer. Environmental (e.g., melanoma caused by sunlight), life-
style (e.g., lung carcinoma caused by smoking), and genetic factors (e.g., lympho-
mas) can cause cancer, which is a leading cause of death worldwide [ 31 ]. Tumors 
commonly are located within the body, and, as a result, cancers are diagnosed 
using sophisticated imaging technology—X-ray, computed tomography (CT), and 
positron emission tomography (PET) are three such techniques—that is not 
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typically available in the developing world. A combination of tumor biopsy and 
microscopy is a more accessible approach but requires signifi cant expertise and 
infrastructure to employ. The majority of cancer cases in the developing world are 
detected at an advanced and untreatable stage—due to inadequate screening and 
early diagnosis services [ 32 ]. Biomarkers may be useful diagnostically for some 
cancers, such as prostate cancer (prostate-specifi c antigen) and ovarian cancer 
(CA-125). While the accuracy and specifi city for these biomarkers are still in ques-
tion [ 33 ,  34 ], a bladder cancer biomarker (NMP-22) [ 35 ] has been validated clini-
cally and is used in FDA- approved point-of-care diagnostic assays (NMP22 
BladderChek, Alere). It is apparent that true point-of-care diagnostic tests—using 
a combination of new methods to obtain biospecimens, biomarker discovery and 
validation, and technology development—would fi nd immediate use in diagnosing 
and combating cancer.    

    Solutions to Better Diagnosis in Developing Urban Areas 

 There are several possible ways to improve the health of patients suffering from 
chronic or noncommunicable diseases in developing urban areas. For example, 
improving the existing healthcare system, reducing income disparity or improving 
the voice of low-income urban dwellers, and reducing environmental and behavioral 
risk factors, could improve patient health [ 2 ,  36 ]. Another method to improve patient 
care would be to empower patients and improve treatment effi ciency through at-
home diagnosis and monitoring tools. As the incidence of noncommunicable dis-
eases continues to rise in developing urban areas, the development of novel, 
affordable, at-home diagnostics will become immensely important to prevent over-
burdening of hospitals and the associated impacts on patient care. 

    Characteristics of an Ideal Test 

 The World Health Organization Sexually Transmitted Diseases Diagnostics 
Initiative (WHO/SDI) developed the ASSURED criteria to determine if diagnostics 
are suitable for deployment in limited-resource settings [ 37 ]. ASSURED stands for 
Affordable, Sensitive (i.e., low probability of false negatives), Specifi c (i.e., low 
probability of false positives), User-friendly (i.e., easy to use, requiring minimal 
training), Rapid and Robust (i.e., short time to a result, stable and reliable at ambient 
conditions), Equipment-free, and Deliverable to end users. These settings, however, 
place more demanding design challenges on diagnostics that are not as critical in 
developed urban areas with reliable sources of power, refrigeration, supply chains, 
and trained personnel. Although these criteria were created to evaluate diagnostics 
for resource-limited rural settings, many of these criteria are also relevant for 
diagnostics designed for use in developing urban areas. 
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 The  affordability  of a diagnostic is particularly important to consider when 
designing Point of Care (POC) tests for developing urban areas. As stated in 
the introduction, while urban areas have relatively more wealth than rural areas, 
there is a great disparity in wealth that causes urban dwellers to rely more on 
private providers of health care, which means affordability is still important. 
Ideally, the fi nal cost of the diagnostic should be pennies and include the cost of 
materials, manufacturing, packaging, shipment, and storage. Manufacturing tests 
in a developing urban area for local distribution and use reduces a number of these 
costs and has the added benefi t of bolstering the local economy. The cost of materi-
als can be minimized by using relatively inexpensive components, such as plastics 
and paper-based materials. 

 Clinical  sensitivity and specifi city  are two important performance characteristics 
of diagnostic devices. These characteristics are evaluated by comparing the results 
of the test to the results of a reference standard test (i.e., a “gold standard”) for the 
same panel of samples. The clinical sensitivity is defi ned as the probability that a 
sample shown to be positive by the gold standard test will also test positive using the 
test under evaluation. The clinical specifi city is defi ned as the probability that a 
sample shown to be negative by the gold standard test will also test negative with the 
test under evaluation. Designing POC diagnostics with both high sensitivity and 
specifi city is desirable. Diagnostic tests should also provide reproducible results. 
The reproducibility or precision of a test is often reported as the coeffi cient of varia-
tion (CV), which is the standard deviation of a measurement normalized by the 
mean. This value is typically reported as a percentage; an ideal diagnostic has a 
%CV of zero. Although this goal cannot be achieved realistically, diagnostic manu-
facturers strive to minimize this value and generally achieve CVs less than 10 %. 
For example, Roche’s handheld Accutrend ®  Plus meter measures blood glucose and 
cholesterol levels with a %CV of ~3 % [ 38 ], and Abbott’s i-STAT measures cardiac 
troponin I in blood with a %CV of ~8 % [ 39 ]. 

  User - friendliness  is another characteristic that is important, regardless of the set-
ting, and is especially critical for tests designed for home use by patients to reduce 
the burden on hospitals. A user should be able to administer a test successfully with 
little to no technical training. Ideally, the test should require as few steps as possible, 
little to no sample preparation, and be minimally-invasive and self-contained. The 
results should be available within minutes of applying the sample, and the readout 
should be clear and have a low likelihood of misinterpretation. A rapid time to result 
enables users to take immediate action to manage a chronic condition or illness or 
prevent spread of infectious diseases. Diabetics self-monitoring blood glucose is a 
classic example where rapid time to result is important for the effective manage-
ment of a disease. 

 An ideal POC diagnostic should also be  robust  and dependable. Diagnostics 
often contain biological reagents that can lose activity when exposed to harsh envi-
ronmental conditions. In developed urban areas, tests are transported and stored in 
controlled environments (i.e., the cold chain) that prolongs a product’s lifetime. In 
developing urban areas, however, reliable refrigeration and controlled environments 
may be lacking (e.g., brownouts), and tests may be exposed to harsh conditions 
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ranging from freezing to tropical temperatures that degrade device performance. 
Therefore, reagent stability is an important consideration when designing tests for 
developing urban areas. One method of improving the activity of reagents is to dry 
and store them on fi brous membranes with additional stabilizers, such as proteins 
and sugars. 

 POC diagnostics for use in limited-resource settings should require  no external 
equipment  and little to no power to operate. These characteristics are less impor-
tant in developing urban areas where adequate infrastructure exists and there is 
often access to relatively consistent power. However, requiring equipment often 
increases cost signifi cantly, which could limit availability of the diagnostic or 
restrict it to well-funded hospitals instead of primary care or at-home testing. One 
of the aims of innovation in diagnostics for developing urban areas is to push diag-
nosis and monitoring into primary care and at-home testing in order to reduce 
burden on hospitals. Therefore, the cost of required external equipment can be very 
important, even in urban areas. 

 Ultimately, a diagnostic must be adopted by its target population in order to 
generate a benefi t. Barriers to adoption can include an unintuitive user interface, 
operational complexity, or something as fundamental as failing to avoid cultural 
taboos. An example of a product failing after market introduction due to this simple, 
yet vital, consideration is the mosquito bed net [ 40 ]. In this case, users in certain 
sub-Saharan regions of Africa were expected to sleep under white bed nets, a color 
culturally associated with those who had recently died. In this case, simply chang-
ing the color of the nets addressed this taboo. By involving potential end users 
through user- centered design, diagnostic developers can minimize the risk that their 
product will not be used for cosmetic or other nontechnical reasons. 

 This section has shown that while an  ideal  test follows the ASSURED guide-
lines, not every characteristic must be met in order for a diagnostic device to be 
useful in developing urban areas. In addition to considering these criteria, innova-
tive groups must also work closely with end users to identify the most important 
characteristics of a test and ensure that the user interface is intuitive and that the test 
is culturally acceptable and perceived as useful. If these additional criteria are not 
considered, a diagnostic test may not achieve widespread adoption.   

    Technologies 

 As previously discussed, there exists a real need for innovative diagnostic technologies 
that will allow for diagnosis and monitoring to be moved from overburdened hospi-
tals to primary care facilities and at-home testing. Because of the unique challenges 
of providing health care in developing urban areas, innovation at the technology level 
is critically needed. The sections below describe POC tests that are commercially 
available or in development at the time of publication of this chapter. The advantages 
and disadvantages of each test or diagnostic platform will be discussed in context of 
its utility in developing urban areas. 
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    Commercial POC Tests 

 Several technologies already on the market could have a positive impact in developing 
urban areas if their current limitations are addressed. 

    Electrochemical Readers 

   Glucometers 

 Untreated diabetes and its associated complications are burdens on budgets, fami-
lies, and healthcare systems worldwide. Although diabetes mellitus type 2 is often 
considered a disease of the developed world, it is a growing global problem [ 41 ]. 
The burden of diabetes in developing urban areas can be reduced through the use of 
glucometers. The glucometer is a POC diagnostic device that enables diabetic 
patients to regularly monitor and control blood glucose levels—through insulin 
therapy and/or diet—to prevent acute and late-stage complications of the disease. It 
is one of the most ubiquitous and commercially successful POC tests on the market 
in developed countries. 

 Early POC blood glucose test technologies were developed in the mid-1960s by 
the Ames Division of Miles Laboratories (now part of Bayer) [ 42 ]. Its test strips, 
marketed as Dextrostix ® , contained dried enzymes and chromagens that produced a 
visible, colored product in the presence of glucose. The user applied a drop of blood 
to the reagent-impregnated zone of the test strip, waited 1 minute, rinsed the blood 
from the strip, and matched the color of the test zone to a calibrated, color-coded 
read guide. Two examples of tests on the market that use visual color matching to 
estimate blood glucose levels include the BETACHEK ®  Visual by National 
Diagnostic Products and the Chemcard™ Glucose Test by Chematics, Inc. 

 These tests are affordable, use robust reagents, do not require external equipment 
or power, are portable, and provide rapid test results (~3 minutes). The tests are 
convenient to use in any location, deliverable to end users, and reported to be accu-
rate and reproducible. According to company product literature, an independent 
study showed that the BETACHEK ®  has a high level of accuracy compared to a 
reference method ( R  2  = 0.977) and a low percent coeffi cient of variation (<5 %). 
Although these tests have many advantages, they require multiple user steps to 
obtain results, and the visual readout by color matching is subject to user 
interpretation. 

 Most glucometers on the market today consist of battery-operated, hand-held 
electronic readers and single-use, disposable test strips. To measure blood glucose 
levels, the user inserts a test strip into the meter and applies a fi nger-stick drop of 
blood to the end or side of the strip. The digital display provides visual numeric 
readout of blood glucose levels. These glucometers are cost-effective, accurate, and 
easy to use. User interaction is minimized, and blood glucose measurements are 
obtained visually or audibly within seconds. 
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 Glucometers use electrochemical measurements to determine blood glucose 
levels, and the electrodes and reagents necessary for these measurements are printed 
directly on a disposable test strip. A fi nger-stick drop of blood is delivered to the 
reagents and electrodes on the strip via passive wicking through a microfl uidic 
capillary. Today’s meters require less than 1 μL of blood and provide results in 
5 seconds [ 43 ]. The prevalence of diabetes and the need for frequent blood glucose 
measurements create a high demand for glucose test strips. The strips are produced 
at a scale of approximately 10 10  test strips per year, with single manufacturing lines 
producing roughly 10 6  test strips per hour [ 44 ]. These large manufacturing scales 
are achieved using well-established, high-precision printing and lamination tech-
nologies that drive the manufacturing cost down to pennies per test strip. 

 Digital glucometers have several advantages for disease management in develop-
ing urban areas, because they satisfy most of the ASSURED criteria. Although the 
electronic readers require batteries, they generally have low power consumption and 
long battery lifetimes. The main disadvantage of this technology is the pain associ-
ated with fi nger sticks to obtain blood samples for analysis. 

 Given the frequency of testing, maximizing user comfort has been (and will con-
tinue to be) a key focus in the development of glucometers. Requirements of blood 
sample volumes, and thus lancing depths, have been reduced to minimize the dis-
comfort associated with fi nger sticks. Many glucometers function with blood drawn 
from alternative sites, such as the arm or thigh [ 45 ]. Another approach to reducing 
the discomfort associated with lancing devices and blood sampling is developing 
minimally invasive or noninvasive measurement techniques, such as sampling inter-
stitial fl uids or transcutaneous spectroscopy [ 43 ]. These devices have the potential 
to make continuous blood glucose measurements and enable closed-loop insulin 
dosing. Scientists are also developing ways to reappropriate electronic glucometers 
to measure analytes other than glucose in whole blood, such as cholesterol and 
 lactate [ 46 ]. This approach involves making test strips with appropriate chemistries 
for a specifi c metabolite and determining the correlation between glucometer 
response and metabolite levels using standards.  

   Cholesterol/Triglycerides 

 Cardiovascular disease is emerging as a social and economic burden on the people 
and healthcare systems in developing countries [ 47 ]. Devices similar to glucometers 
are available for measuring triglyceride and cholesterol levels in blood, which are 
important markers for cardiovascular disease risk assessment. Two commercially 
available systems include Roche’s Accutrend Plus and Polymer Technology 
Systems, Inc.’s CardioChek Plus. Both devices consist of handheld electronic 
meters and separate, disposable test strips that can measure a number of different 
analytes. The test strips contain enzymes and reactive dyes that produce changes in 
the refl ectance of the test strip in the presence of analyte. The meters convert refl ec-
tance to a clinically relevant value, and the user reads the test result from the digital 
display. Both the CardioChek Plus and Accutrend Plus are FDA-approved and 
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CLIA-waived. These devices have similar advantages and disadvantages as glucom-
eters; however, cholesterol and triglyceride levels do not need to be measured 
as frequently as blood glucose levels.   

   Lateral Flow 

 The lateral fl ow or immunochromatographic strip test is a well-established diagnos-
tic platform developed to enable low-cost, rapid POC testing. The tests are designed 
for single use and enable qualitative or semiquantitative visual detection of a variety 
of analytes including proteins, small molecules, antibodies, nucleic acids, and 
viruses [ 48 ]. One of the earliest and quintessential lateral fl ow tests is the home 
pregnancy test. Most lateral fl ow tests do not require the addition of external 
reagents, making them straightforward to perform and user-friendly. The user sim-
ply adds sample, waits several minutes, and looks for the appearance of colored 
lines (i.e., sample and control lines) in the test window. Figure  12.1  shows a sche-
matic of a traditional lateral fl ow test.  

 The main benefi ts of lateral fl ow tests are their simplicity of use and of readout. 
The user is typically required just to apply the sample (and perhaps a chase fl uid), 
and the natural wicking potential of the material begins the test. Specifi cally, a liq-
uid sample is applied to the sample pad, and the fl uid wicks into the device by 
 capillary action. The sample picks up a visual labeling agent or detection conjugate 
(e.g., antibody-gold nanoparticle or antibody-latex particle conjugates) stored in dry 
form in the conjugate pad. In a sandwich assay, binding between the conjugate and 
target analyte in the sample occurs as the fl uid moves through the membrane. As the 
sample wicks along the membrane, the analyte-conjugate complexes are bound by 
antibodies or other capture agents immobilized at the test line on the membrane. At 
suffi cient densities, the captured conjugates form a visible colored line on the mem-
brane that is read by eye. Gold nanoparticle conjugates appear pink or red, and 
polystyrene or latex particle conjugates are typically dyed red or blue. The absor-
bent pad wicks excess sample and conjugate from the membrane. Lateral fl ow tests 
include a control line that should also be visible after running a sample. A lack of 
color at the control line indicates an invalid test. The user needs only to determine 
whether there is color present or not in the test area, meaning that even untrained 
users can perform these tests with relatively high accuracy. 

  Fig. 12.1    Schematic illustration of the components of a lateral fl ow test       
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 Lateral fl ow tests meet many of the ASSURED criteria, making them well suited 
for POC testing in developing urban areas. The tests are affordable (they are com-
posed of relatively inexpensive plastic materials and porous membranes), and they are 
easily manufactured at high volumes and low cost using established printing, cutting, 
and lamination technologies. In many cases, the most expensive components of lateral 
fl ow tests are the biomolecular reagents; however, this cost can be minimized through 
high-volume production. Since the tests use capillary action to drive fl uid fl ow and 
results are visually read, no expensive external equipment or power is needed. This 
makes lateral fl ow tests compact, portable, deliverable to end users, and easy to oper-
ate. The tests are also generally robust, can be shipped without refrigeration, and be 
stored for more than a year when appropriately sealed in pouches with desiccant [ 49 ]. 
A variety of biological samples are compatible with lateral fl ow tests including blood, 
plasma, urine, stool, and saliva. Samples with higher viscosity, such as stool or saliva, 
however, must be either mixed with a diluent or buffer before testing or chased with 
additional liquid to help it travel along the membrane. 

 Although lateral fl ow platforms have many attractive features, these diagnostic 
tools have several notable constraints. For example, detecting multiple analytes 
(i.e., multiplexing) on one test strip can be challenging, because different reagent 
sets can potentially interfere with one another, and the optimal test conditions (e.g., 
pH, blocking agents, and surfactants) for one reagent set may not be suitable for a 
different reagent set. It is also challenging to test limited sample volumes on lateral 
fl ow tests without the addition of a diluent or buffer. Lateral fl ow tests also have 
limited quantitative analysis capabilities. 

 Traditional colloidal gold lateral fl ow tests are typically limited to low nanomo-
lar visual detection limits [ 50 ]. Greater analytical sensitivity (100–1,000-fold more) 
can be achieved using external readers, alternative conjugate labels (e.g., fl uoro-
phores), or additional signal enhancement techniques such as silver amplifi cation of 
gold nanoparticle conjugates [ 6 ,  47 ]. These approaches, however, can increase 
assay cost and/or complexity. 

 In addition to pregnancy, other examples of commercially available lateral fl ow tests 
include assays for infectious diseases (e.g., infl uenza, HIV, dengue fever, hepatitis, 
gonorrhea, syphilis, chlamydia, and malaria), cardiac markers, and illicit drugs.   

    Emerging Technologies 

 Although glucometers and lateral fl ow tests are powerful diagnostic platforms, there 
is a need for more advanced POC devices that can perform complex, multistep 
laboratory-based analyses (e.g., immunoassays, cell counts). Ideally these systems 
should be portable, highly automated, and require little to no user interaction to 
obtain results. Devices that perform several laboratory procedures (e.g., sequential 
reagent addition, mixing, washing, and detection) are often referred to as “lab-on-a- 
chip” or “micro-total analysis systems.” Microfabrication and microfl uidics have 
emerged as promising technologies to achieve this goal. The sections below describe 
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lab-on-a-chip technologies developed or in development that have potential for 
improving health in developing urban areas. The interested reader can fi nd a com-
prehensive survey of companies using microfl uidic and lab-on-a-chip technologies 
in a recent review article by Chin and colleagues [ 51 ]. 

   Microfl uidic Technologies 

 Microfl uidic-based diagnostics are lab-on-a-chip devices that test for single or 
multiple analytes in less than a milliliter of sample. This is typically achieved by 
creating tiny (<1-mm-wide) channels in glass or plastic and using specially designed 
analyzers to move the sample and other fl uids in a predefi ned manner to perform 
analyses. The origin of microfl uidic device development dates back to the 1970s; 
however, it was not until the 1980s that academic interest in microfl uidics began 
to intensify [ 52 ]. The main benefi ts of microfl uidic technologies are their ability 
to manipulate small volumes of fl uid, perform several analyses from one sample 
(i.e., multiplexing), perform complex operations (e.g., mixing and splitting), and 
achieve a higher assay sensitivity than lateral fl ow devices. Unfortunately, this typi-
cally comes at increased cost; most microfl uidic diagnostics require an analyzer and 
fi ne-tolerance manufacturing. This section will outline some of the plastic- or glass- 
based microfl uidic technologies currently in development that could have a large 
positive impact in developing urban areas. 

   Small Molecule Analyzers 

 Abbott’s i-STAT blood analyzer is an example of a successful, commercially avail-
able POC diagnostic that uses active microfl uidic technology. The i-STAT is used in 
over 1,800 hospitals worldwide and gives clinicians access to laboratory-quality 
data within minutes at the POC, which allows them to make critical treatment deci-
sions in real time. The system consists of a handheld, battery-operated analyzer and 
single-use, disposable test cartridges to perform several different clinical chemistry 
tests and/or immunoassays. The cartridges have microfl uidic channels for sample 
handling and microfabricated thin-fi lm electrodes for making electrochemical mea-
surements. Each cartridge contains stored calibrant and is designed to perform one 
or more (i.e., a panel) quantitative diagnostic tests on <100 μL of blood, including 
measurements of blood gases, electrolytes, lactate, glucose, creatinine, hemoglobin, 
hematocrit, coagulation parameters, and cardiac markers. The i-STAT has several 
features that make it easy to use and effective in emergency and critical care appli-
cations: no sample pretreatment steps, automated calibration, bar code scanning for 
automatic loading of user or patient information, a docking unit for downloading 
test results for electronic record keeping, and wireless transmission and sharing of 
test results. This device meets many of the ASSURED criteria; however, the high 
price of the analyzer limits the settings where it would be economical. Reduction in 
overall cost and cartridges designed specifi cally for the needs of primary care 

P. Beattie et al.



283

facilities in developing urban areas would make this technology much more useful 
by allowing for the transfer of care from hospitals to primary care facilities. In its 
current form, however, this powerful technology is not a practical solution for at-
home testing or for use in many urban and rural areas of the developing world (due 
to its cost).  

   Quantitative, Rapid Immunoassays 

 Immunoassays are a category of tests that detect the presence or amount of an analyte 
through the use of immune system antibodies selected to bind to the target analyte. 
Several technologies on the market are based on immunoassay principles. For 
instance, the previously mentioned lateral fl ow tests use immunoassay detection. 
Immunoassays can be performed in formats that are qualitative (e.g., lateral fl ow 
tests) or quantitative (e.g., enzyme-linked immunosorbent assays, ELISAs). ELISAs 
can be performed using a variety of biological samples and are often highly sensi-
tive, but they are not well-suited for POC testing applications in developing urban 
areas. ELISAs require costly reagents, well-equipped labs, and trained personnel, 
and it can take hours or longer to obtain results. Claros Diagnostics recognized the 
limitations of traditional immunoassays for developing world applications and was 
founded in 2004 to create a low-cost, easy-to-use POC diagnostic platform that can 
perform complex, multistep immunoassays in minutes with high sensitivity and 
specifi city. The platform consists of a photometric analyzer and inexpensive 
 disposable plastic assay cassettes that contain networks of microfl uidic channels 
and reagents to perform quantitative immunoassays. The analyzer uses pneumatic 
actuation to combine sample (whole blood or urine) and reagents in a controlled 
manner to perform multistep immunoassays with silver enhancement chemistries to 
achieve high analytical sensitivities. The analyzer comes in both a benchtop and 
battery-operated handheld unit. 

 In 2010, Claros obtained CE marking for a prostate cancer immunoassay test and 
is currently pursuing FDA approval with CLIA waiver for the US market. The plat-
form has also been used to successfully diagnose HIV and syphilis in fi eld trials in 
sub-Saharan Africa [ 53 ]. Although the technology was initially designed to offer a 
relatively low-cost method of acquiring lab-quality immunoassay test results at the 
POC in developing countries, the technology has also proven attractive for use in 
developed countries. Claros was acquired by Opko Health in 2011 and will expand 
its testing capabilities to include panels for infectious diseases, cardiology, neurode-
generative diseases, companion diagnostics, and women’s health. The Claros plat-
form strives to provide improved sensitivity and quantitative results when compared 
to lateral fl ow but with increased cost. Similar to the i-STAT, the higher cost and need 
to purchase an analyzer means that this technology will have limited utility in an at-
home testing setting. Instead, with the development of test cartridges specifi cally 
aimed toward the needs of developing countries and depending on fi nal cost, it has 
the potential to positively impact health care delivery at primary healthcare facilities 
in urban (and rural) settings.  
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   Cell Analyzers 

 In addition to small molecule and immunoassay detection, microfl uidic devices are 
being developed to perform cell-type analyses. One company developing POC diag-
nostics for cell-type analysis using a microfl uidic platform is Daktari Diagnostics, 
Inc. Daktari is developing a robust, portable CD4+ cell-counting system (Daktari 
CD4) that allows physicians in remote settings to monitor the immune status of 
patients. Measuring CD4+ cell count is particularly important for monitoring the 
progression of HIV and AIDS and the effects of therapeutic treatments (e.g., highly 
active antiretroviral therapy). Flow cytometry is traditionally used to measure CD4+ 
cell counts in centralized laboratories. However, this testing is limited to only the 
best supported urban hospitals, because fl ow cytometers are expensive to purchase 
and maintain and require highly skilled personnel to prepare and test samples. 
A CD4+ cell diagnostic suitable for primary healthcare facilities would enable mon-
itoring of HIV+ patients to be moved away from overburdened hospitals. This 
would result in more effi cient screening for those patients in need of further care 
and streamline care provided at the hospitals. 

 The Daktari CD4 consists of a portable analyzer and disposable plastic microfl uidic 
cartridges with on-board reagents stored in blister packs. The system uses a combi-
nation of microfl uidic cell chromatography, cell lysis, and impedance spectroscopy 
to provide CD4+ cell counts from a fi nger-stick drop of blood. Sample preparation 
and reagent delivery are automated, thereby minimizing the need for user interac-
tion. In comparison to fl ow cytometry, the Daktari CD4 system is more suitable for 
use in developing urban areas—it is more user-friendly, less expensive, and pro-
vides faster results. The Daktari CD4 is in development and undergoing perfor-
mance evaluations. 

 An alternative approach to rapid CD4+ cell counting is being developed by 
Zyomyx. The Zyomyx platform uses separation by sedimentation and cell stacking 
in a disposable high-precision capillary to estimate cell counts. A measurement is 
performed by mixing a fi nger-stick drop of blood with antibody-particle conjugates 
(1-μm particles) and injecting the mixture into a closed-end glass capillary fi lled 
with a high-density medium. Results are interpreted visually within tens of minutes. 
This system has several advantages over competing technologies, including low 
cost, rapid time to results, no need for external equipment or power and it is simple 
to use. Given these advantages, this system has the potential to greatly improve the 
treatment and health of patients in developing urban areas.   

   Paper Microfl uidic Devices 

 Within the last 5 years, paper-based microfl uidics have emerged to provide an attractive 
platform for the development of easy-to-use, low-cost, portable, and disposable 
diagnostics for POC testing in resource-limited settings. Paper microfl uidic devices 
were originally developed by Andres Martinez and Professor George Whitesides at 
Harvard University to address several limitations of traditional glass- or 
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plastic- based microfl uidics. Paper-based microfl uidics leverage the natural wicking 
properties of paper to drive fl uid fl ow. Wicking eliminates the need for power or 
external pumps to actuate fl uids and run samples, which reduces the cost of the tests 
and makes them compact, portable, easy to operate, and useful for at-home monitor-
ing. Paper is also readily available, inexpensive, and relatively easy to manufacture 
and process. Despite all of these benefi ts, one signifi cant limitation of paper is that 
a sample wicking through the paper will travel radially unless somehow constrained. 
This makes it diffi cult to control fl uid fl ow and therefore perform anything other 
than simple assays, such as those performed on unidirectional lateral fl ow test strips. 
Martinez and Whitesides were able to overcome this limitation by patterning hydro-
phobic barriers in paper to direct fl uid fl ow along desired paths [ 54 ]. 

 Several methods to pattern paper have been developed in recent years. The original 
method described by Martinez et al. involved UV curing of a photosensitive polymer, 
SU8 [ 54 ]. Methods using other photosensitive polymers were subsequently developed 
by Whitesides [ 55 ]. Fenton et al. [ 56 ] and Fu et al. [ 57 ] describe cutting methods as a 
means of patterning paper (in these cases the edges of the substrate act as barriers). Li 
et al. [ 58 ] describe a method of patterning hydrophilic channels in a hydrophobic 
paper using plasma treatment. A very simple method called wax printing, described 
by Lu et al., uses a commercially-available printer and an oven to create hydrophobic 
barriers [ 59 ]. A version of this process developed by Carrilho et al. [ 60 ] and Diagnostics 
For All is described in more detail below. 

 The wax printing method of patterning paper leverages existing commercial 
printers with solid-ink technology, such as the Xerox ColorQube. This method of 
fabrication is scalable and can provide the volumes of devices needed to reach 
global markets. Figure  12.2  shows the process for making wax-patterned paper- 
based microfl uidics using a solid-ink printer.  

 Devices are designed on a computer using standard graphics software, and the 
hydrophobic wax walls of the microfl uidic channels are printed onto the surface of a 
sheet of paper. The printed paper is then heated to above the melting point of the wax 
so that it permeates through the thickness of the paper to create hydrophobic barriers. 
Channels patterned in this way wick microliter volumes of fl uids by capillary action 
and distribute the fl uids into test zones where independent assays take place, similar 
to the SU-8 patterned device shown in Fig.  12.3 . Many different types of paper or 
porous materials can be patterned using this technique—including materials 
composed of cellulose, nitrocellulose, and nylon—such that the properties of the 
membrane can be selected for specifi c applications (e.g., fi ltering, wicking fl uids, 
and storing reagents) and sample types (e.g., urine, feces, blood, or saliva).  

 More complex microfl uidic networks are made by stacking layers of patterned 
paper and affi xing them to one another with layers of patterned adhesive (Fig.  12.4 ) 
[ 61 ]. These multilayer microfl uidic devices enable control of wicking fl uids in three 
dimensions and provide access to a variety of fl uidic operations, including splitting, 
incubation, and mixing. Figure  12.4  shows an example of a multilayer device with 
four sample inlets that divide each sample into an array of 16 individual detection 
zones on the bottom face of the device (256 detection zones total). The length of 
each fl uidic channel connecting the sample inlet and the detection zones is equal 
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and ensures equal distribution of sample into each of the detection zones. The parallel 
nature of the fl uidic conduits in this platform makes it particularly well-suited for 
multiplexed assays. Each detection zone, for example, could contain unique, inde-
pendently optimized sets of reagents to perform a number of different assays on a 
single input specimen. Further complexity has been integrated into the paper 

  Fig. 12.2    Patterning hydrophobic barriers using wax printing. ( a ) Devices are prepared using 
inexpensive equipment: device layouts are designed using computer software ( 1 ), a commercially 
available printer prints solid wax ink onto paper ( 2 ), and a hot plate or other heat source refl ows the 
wax to create hydrophobic channels throughout the thickness of the paper ( 3 ). ( b ) Demonstration of 
a three-channel device advanced from concept to working prototype. ( c ) Cross-sectional schematic 
illustration of a device before and after heating to refl ow printed wax. Adapted with permission 
from Carrilho et al. [ 60 ]. Copyright 2009 American Chemical Society       

  Fig. 12.3    Single-layer 
patterned paper diagnostic 
test for glucose ( left ) and 
protein ( right ) in urine. The 
 arrow  indicates the direction 
of sample fl ow when dipped 
in urine. Reprinted with 
permission from Martinez 
et al. [ 54 ]. Copyright 2007 
Wiley-VCH Verlag GmbH & 
Co. KGaA, Weinheim       
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 platform with the development of timing gates [ 62 ], valves [ 55 ,  61 ], and batteries 
[ 63 ]. Quantitative results can also be obtained by imaging test results using a scan-
ner, digital camera, or mobile camera phone and analyzing the results with image 
analysis software. The latter method allows for integration with the powerful and 
promising fi eld of telemedicine [ 64 ].  

 In addition to the colorimetric readouts demonstrated above, much work has been 
done proving the compatibility of paper microfl uidics with electrochemical analyses. 
By screen printing conductive inks, such as silver/silver chloride or carbon black, elec-
trodes can be patterned on the paper microfl uidic devices [ 65 ]. These electrodes can be 
used for a variety of purposes, including electrochemical analysis of glucose [ 66 ], 
analysis of other analytes (e.g., cholesterol) using modifi ed commercial glucometers 
[ 46 ], or to provide heat to specifi c areas of the paper microfl uidic device [ 65 ]. 

 Paper-based microfl uidics is a highly-fl exible diagnostic platform that is compat-
ible with a number of different assay formats and readouts, and it is now moving 
from academia toward the market. Diagnostics For All (DFA), a nonprofi t based in 
Cambridge, Massachusetts, is building off of the developments of the Whitesides 
Group at Harvard University; DFA aims to develop specifi c diagnostic tools for 
developing countries [ 67 ]. Traditional clinical chemistry assays and immunoassays 
have been successfully demonstrated on the patterned paper platform using electro-
chemical and colorimetric readouts. DFA’s lead rapid diagnostic test is a colorimet-
ric clinical chemistry assay for measuring liver transaminase levels from a 
fi nger-stick drop of whole blood [ 68 ,  69 ]. This low-cost, disposable test is targeted 
to help detect potentially fatal medication-induced liver damage in patients taking 

  Fig. 12.4    Three-dimensional 
multilayer patterned-paper 
microfl uidic device that splits 
single input samples into 16 
equal volume detection zones 
on the bottom of the device. 
This design enables 
multiplexed detection of 
multiple analytes in parallel. 
Reproduced with permission 
from Martinez, A.W. et al. 
 Proc. Natl. Acad. Sci . 105, 
19606 (2008). Copyright 
2008 National Academy of 
Sciences, USA       
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antiretroviral medications (e.g., HIV patients) in resource-limited settings. 
Semiquantitative readout is achieved by visually comparing test results to a color- 
coded read guide that provides clinically actionable information at the point of care. 
In addition to the liver function test, DFA is developing several other clinical chem-
istry tests as well as several immunoassay tests for human health and agriculture 
and livestock applications. 

 Paper microfl uidic devices are attractive, because they offer the capabilities of 
glass- and plastic-based microfl uidics to perform complex assays but rely on the 
wicking properties of paper; therefore, they do not require external equipment to 
operate them. Their inherent low cost means that if they can demonstrate the requi-
site sensitivity and specifi city, they have the potential to be of great utility in decen-
tralized testing situations, such as primary healthcare facilities and at-home testing. 
Furthermore, because the technology is relatively new, there is still a great deal of 
innovation happening. This means that the capabilities of paper microfl uidic devices 
are constantly expanding in many different ways, including providing quantitative 
results, performing assays not yet capable in simple rapid formats, and improving 
sensitivity through amplifi cation steps. Their current characteristics, inherent low 
cost, and constant evolution suggest great potential for paper microfl uidic devices 
designed to address healthcare problems in developing urban settings.    

    The Potential for Innovative Technologies 

 Developing urban areas face a sometimes daunting combination of disease burden 
and fi nancial limitations on care. When viewed from a traditional, centralized 
healthcare delivery model, the potential for high-quality care of all residents can 
seem bleak. However, the same constraints making centralized healthcare models 
infeasible push for new models of healthcare delivery and drive the development of 
new, innovative technologies. As presented in this chapter, new microfl uidic tech-
nologies that address the constraints of developing urban areas are in development 
and have the potential to greatly improve patient care and hospital effi ciency. 
Furthermore, because several of these technologies are being developed specifi cally 
for developing countries—with involvement from potential end users—adoption 
could be higher than technologies developed for centralized healthcare models. In 
this respect, developing urban areas act as incubators for new technological innova-
tion that could eventually move to developed countries if patient demand for at-
home testing rises.     
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    Chapter 13   
 Innovations in Global Health Professional 
Education: Implications for Urbanization 

             Leana     S.     Wen     

            Narrative History of Health Professional Education 

 Developed through literature review and through conversations with each fi eld’s 
prominent leaders and historians, this section presents a narrative history of medical, 
nursing, and public health education. We describe the major global innovations 
chronologically and then organize them based on their impact and implications for 
urbanization. Many of these “organization” and “teaching” innovations are described 
from the US perspective, because they originated there. The more recent innovations 
originate from other countries, including many developing countries. These will also 
be described, along with their impact for the future of urbanization worldwide. 

    Medical Education 

 That Abraham Flexner was the single most important factor in shaping the course of 
medical education in the twentieth century is incontrovertible. The state of medical 
education and medical practice in the late 1800s was appalling, devoid of science, 
standards, and regulation. As the President of Harvard University, Charles Eliot 
remarked in 1870: “The ignorance and general incompetence of the average graduate 
of American Medical Schools, at the time when he receives the degree which turns 
him loose upon the community, is something horrible to contemplate. The whole 
system of medical education in this country needs thorough reformation” [ 1 ]. 

 Medical schools had existed in the United States since the late 1700s, with the 
University of Pennsylvania, Harvard University, and Johns Hopkins University 
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among the fi rst universities in the world to start affi liated medical schools. Medical 
education had become a lucrative business, as more and more students sought to gain 
entrance. Unfortunately, there were few standards for what constituted a “medical 
school,” and by the late 1800s, for-profi t enterprises masquerading as educational 
institutions had proliferated by the dozens. This is an account of what Flexner wit-
nessed when he traveled by horse, train, and buggy, to audit these establishments [ 2 ]:

  These enterprises—for the most part, they can be called schools or institutions only by 
courtesy—were frequently set up regardless of opportunity or need, in small towns as read-
ily as in large, and at times, almost in the heart of the wilderness. No fi eld, however limited, 
was ever effectually preempted. Wherever and whenever the roster of untitled practitioners 
rose above half a dozen, a medical school was likely at any moment to be precipitated. 
Nothing was really essential but professors… 

 The teaching was, except for a little anatomy, wholly didactic. The schools were essen-
tially private ventures, money-making in spirit and object. Income was simply divided 
among the lecturers, who reaped a rich harvest besides, through the consultations which the 
loyalty of their former students threw into their hands… No applicant for instruction who 
could pay his fees or sign his note was turned down… Accordingly, the business throve. 

   Flexner also had some critical things to say about the few legitimate medical 
schools that he visited. About Harvard Medical School, he noted:

  The stethoscope had been in use for over thirty years before its fi rst mention in the cata-
logue of the Harvard Medical School in 1868-69; the microscope is fi rst mentioned the 
following year. 

   At the end of the report, Flexner made three major recommendations, all three of 
which form the basis of how US medical education functions today. First, he recom-
mended that there be no more for-profi t schools and that all existing schools be 
linked to universities and teaching hospitals. Second, the admitted students must 
meet certain qualifi cations, including a rigorous undergraduate science education. 
Third, Flexner believed that scientifi c research should form the basis of all medical 
school teaching and that medicine should be taught by those who are actively 
involved in original scientifi c investigation [ 2 ]. 

 Flexner’s report was damning. Because the report addressed the lay public, there 
was public outrage about sham schools and quacks profi teering at the expense of 
the health and well-being of the nation. Not surprisingly, the impact was swift and 
signifi cant: from 1910 to 1935, 89 of the 155 institutions that Flexner surveyed closed 
their doors. As the number of medical schools decreased, admission became more 
competitive, and only students with qualifi ed undergraduate degrees were granted 
entrance. The intertwining of medical training with universities and academic medical 
centers became complete. Medical students would receive training at university- 
affi liated teaching hospitals rather than at local clinics or home-based apprenticeship 
settings. Medical schools and their affi liated hospitals were to become engines of 
cutting-edge research, and medical training would be at the forefront of science. 

 In the fi rst half of the twentieth century, this system of integrating teaching, 
clinical care, and scientifi c investigation worked well—so well that this was the 
model of medical education that spread around the world [ 3 ]. Clinical research was 
still predicated on direct interaction with patients, and those most gifted in clinical 
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research tended to be the most talented clinicians and teachers. However, as scientifi c 
advances became more increasingly specialized and more technology-based, the 
cutting edge of science transitioned more and more from the wards to the laboratory. 
Those who were fi rst-rate clinician-teachers found it diffi cult to also be fi rst- rate 
researchers and vice versa. There was also increasing pressure for clinicians to 
increase their “clinical productivity” so as to generate increased revenue for their 
academic centers. Clinical teaching became divorced from the apprenticeship 
model, and medical students began to lose the benefi t of learning from a master 
teacher. Students gradually lost hold of their ties to their community and strayed 
from their initial purpose of advocating for their patients and their communities. 

 Though initially and primarily a US phenomenon, the Flexner Report’s effects 
were worldwide. The creation of the China Medical Board by the Rockefeller 
Foundation and the establishment of Peking University Medical College in the 
People’s Republic of China represented the fi rst application of the Flexnerian model 
in a developing country and marked the beginning of globalization of the Flexner 
Report [ 4 ]. There are several other examples of successful long-term collaborations 
between developed and developing countries. In 1948, the University of London 
helped establish the Medical School of Nigeria’s University of Ibadan; graduates 
from Ibadan were able to receive the MBBS degree recognized by the General 
Medical Council of Great Britain, and Ibadan became the model for all of Nigeria’s 
other medical schools [ 5 ,  6 ]. 

 Much has evolved in US and international medical education since Flexner. 
The concept of Graduate Medical Education (GME) is arguably one of the other 
major developments in twentieth century medical education, requiring doctors to go 
through post-medical school apprenticeship training through residency programs. 
Initially pioneered by major US academic centers in the 1950s, GME has spread 
throughout the world. Although not technically part of “medical school” training, 
GME is now an integral part of medical training worldwide, mandating post- medical 
school clinical training and routes to specialization [ 7 ]. 

 The 1970s saw explicit challenges to the Flexner model. Before Flexner, there 
was very little reliance on science; after Flexner, medicine became integrally inter-
twined with it, to the detriment of losing the “art” of medical practice. In the 1970s, 
medical schools began experimenting with models of medical education that would 
bring the art—and the patient—back into clinical teaching. An example is Canada’s 
McMaster University developing the concept of problem-based learning, in which 
students learned in teams about cases instead of the traditional classroom lecture 
approach [ 8 ]. Since then, PBL has been adopted by prominent institutions, such as 
Harvard Medical School. As evidence accumulates for the superior professional 
competencies of those trained in PBL, more medical and health professional schools 
are beginning to rely on it for their core curriculum. This is a good example of 
global diffusion of a concept of medical education [ 9 ]. A related innovation is the 
use of standardized patients, not only to evaluate students on scientifi c know-how, 
but also to test their competency in communication and professionalism. 

 Another development away from the traditional Flexnerian approach has been the 
focus on community-oriented primary care (COPC). At the turn of the last century, 
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it had been necessary to tie medical training to academic centers, as these were the 
only places with the rigor required to couple medicine with science. In the 1980s, 
an opposing phenomenon arose: educators realized the need not only to have inno-
vative methods of medical education but to shift the location of education from 
the ivory tower to the community and to shift the focus away from increasingly 
sub- specialized science to primary care. 

 Developing countries have led the way in ensuring that training opportunities 
occur in rural and underserved areas. For example, Walter Sisulu Medical School in 
South Africa was an early adopter of the instructional design of COPC to improve 
primary healthcare delivery and teaching. Students are taught to incorporate COPC 
principles, such as prevention and promotion, into their daily routines. From the fi rst 
year, students visit community resources like traditional healers and community 
health centers. They undertake a study of a community by visiting family homes, 
and most gain fl uency in native dialects such as Khosa. There are now more than 
500 graduates in primary care practice in the Eastern Cape, and a study of career 
destination of graduates shows that the majority are serving in rural and peri-urban 
areas [ 10 ]. 

 Even the United States, traditionally a bastion of specialist academic training, has 
experimented with the branch campus movement and the establishment of osteopathic 
schools that are not associated with an academic center. A.T. Still School of Osteopathic 
Medicine in Arizona, for example, has a particularly innovative model of medical 
education. After the fi rst year of medical school, students are assigned to one of 11 
community health centers spread out across the country for their preclinical and then 
clinical education. Students are fully integrated into their community and are trained 
as apprentices by master educators at each site [ 11 ]. This and other efforts herald 
the return to a pre-Flexner education—though with a much improved approach. 
In Flexner’s time, community-based training was not possible, as the training available 
outside academic centers was questionable; Walter Sisulu and A.T. Still are testament 
to adaptation and optimization of progress in the modern setting. 

 Not only has community-based teaching introduced students to the problems 
most relevant to what they will see in practice, it is helping to produce more physi-
cians with less fi nancial investment. This has been a particularly useful develop-
ment as, since the 1990s, there has been increasing recognition that our society is 
facing a global health workforce shortage. Many reports have been written about the 
critical shortage of the most precious health resource: our healthcare workers. 
Several countries are using methods, including teaching outside academic centers as 
a way to address the impending shortage. 

 Loan repayment-for-service programs have also been a helpful addition to reduce 
the fi nancial burden on students choosing medicine and to improve diversity in the 
workforce (an idea that was foreign during Flexner’s time). The National Health 
Service Corps is a loan repayment program that has been in existence for over 30 
years. In exchange for paying for medical students’ tuition, it obligates trainees to 
practice primary care in an underserved urban or rural community for an equivalent 
number of years after residency. It is one of several programs that has been success-
ful not only in addressing the shortage of primary care physicians in underserved 
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communities but also in encouraging those who are truly committed to service to a 
career in the health professions. 

 Another innovation that has tremendous potential is the pipeline program, one of 
the most successful of which is the Sophie Davis School in New York City. 
Established in 1973 to address the growing defi cit of underrepresented minority 
physicians in the United States, the Sophie Davis School is unique in its early 
recruitment, vigorous pipeline, and impressive retention of minority health profes-
sional students. It recruits almost exclusively from inner-city high schools in 
New York City and provides a combined undergraduate and medical education free 
of charge. More than 90 % of the students who attend Sophie Davis come from the 
lowest income tax bracket. Of the over 1,400 graduates, 25 % are African-American, 
8 % are Latino, 28 % are Asian-American, and 39 % are white—a diversity of repre-
sentation not seen in any other US medical school. The pipeline and aggressive 
early recruitment of Sophie Davis offers a model not just for the United States and 
developed countries but also for developing countries who wish to prioritize diver-
sity and representation of their healthcare workforce [ 12 ]. Such programs may be 
particularly important in providing opportunities to students from urban slums and 
in encouraging them to seek a career in the health professions and to return to serve 
the needs of their communities. 

 Another dramatic example of human resource capacity building through free 
medical education is the  Escuela Latinoamericana de Medicina  (ELAM), or Latin 
American School of Medicine. Founded in the aftermath of Hurricane Mitch in 1998, 
ELAM, which is operated by the Cuban government, recruited 11,000 students from 
marginalized communities in 29 countries to study medicine, free of charge. It has 
become the largest and most diverse medical school in the world. In fact, its students 
are all international students from outside Cuba and are drawn primarily from Latin 
America, the Caribbean, and Africa. In addition, ELAM draws exclusively from 
marginalized communities, with an extensive selection process to ensure that selected 
students will return to serve their communities after the 6-year education. The free 
tuition, accommodation, board, and small stipend enable such students to attend 
medical school. ELAM’s structure and mission provide an important model as we 
consider sustainable ways to ramp up the global healthcare workforce. As it is already 
producing doctors who are exported throughout the developing and developed world, 
ELAM is contributing directly to the global diffusion of health resources and infor-
mation [ 13 ,  14 ]. 

 A fi nal concept that is gaining much traction is task shifting to allow for increas-
ing scope of practice by lower-level practitioners. This development is calling upon 
physicians to be trained, such that they can be placed in a more educational and 
supervisory role than before. In resource-poor settings facing a defi cit of physicians, 
nurses can be called upon to perform initial assessments, history taking,  physical 
exams, and laboratory investigations and doctors only for the most diffi cult cases. 
Community health workers can perform many screenings and public health inter-
ventions. The emerging role of task shifting in global medical education cannot be 
overemphasized, especially as the global brain drain represents a major concern for 
many developing countries heading into the twenty-fi rst century [ 15 ].
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 Medical education 

 Organizational innovations  Teaching innovations 

 Collaborations to begin training programs with 
global input 

 Graduate medical education 

 Twinning between developing country and 
developed country 

 Problem-based learning 

 Increasing access to education through “free” medical 
education and recruitment of underrepresented 
minorities 

 Standardized patients 

 Task shifting  Teaching and testing of competency not 
only on science but on communication 
and professionalism 
 Community-oriented primary care 

       Nursing Education 

 The theme of nursing education over the twentieth century can perhaps be character-
ized as “from humanistic practice to university training.” Perhaps the closest equiva-
lent to Flexner for nursing education is Florence Nightingale, who in the mid- 1800s 
(incidentally well before Flexner’s time) began to exhort that good nursing care 
depended on having an educated group of nurses [ 16 ]. The fi rst formal nursing edu-
cation programs began in the 1850s in London as a 2-year hospital-based training 
program. Others quickly followed suit throughout the world. In the 1860s, organized 
nursing with hospital-based training began to become standard in Western countries, 
with the United States and UK leading the way followed by the Scandinavian 
countries and Germany. Due to the work of the Rockefeller Foundation and various 
missionary groups, the concept of organized nurses spread to the former colonies 
throughout Asia and Africa. In 1899, the International Council of Nurses was 
founded by nurse leaders of US, UK, and Scandinavian countries. It was modeled 
after the International Women’s Organization, and its goal was to push for training 
and global standards, specifi cally to standardize curriculum [ 17 ]. 

 Part of the advocacy work of the International Council of Nurses was to push for 
government licensing of nursing to further standardize practice and ensure safety. 
Interestingly, the fi rst governments to license nurses were not the traditional power-
houses in the developed world but South Africa and Puerto Rico (historically this 
has to do with the licensing of physicians, which was occurring at the same time in 
these two areas) [ 18 ]. The licenses also extended to visiting nurses, a model that 
began in the late 1800s by Lillian Wald. Nursing has traditionally had a strong com-
munity pull, with home-based work still among the most popular positions. 

 In the 1920s, the Rockefeller Foundation attempted to duplicate the Flexner 
study by forming the Committee for the Study of Nursing Education. This so-called 
Goldmark Report found that existing nursing programs in the United States were 
inadequate. Interestingly, they discussed the role of the nurse with public health, 
with a proposal for work that combined clinical care of the sick with teaching of 
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hygiene [ 19 ]. This part of the report was controversial, but other parts of the report 
calling for university-based nursing programs led to the foundation of the Yale 
School of Nursing as the fi rst autonomous school of nursing that emphasized nursing 
as an academic discipline. 

 The next major breakthroughs in nursing education followed this trend, with 
nursing education relocating from the hospital to the university. By the 1950s, 
dozens of universities in the United States and Europe had schools of nursing. 
The University of Alexandria was the fi rst of such universities in the Middle East. 
Since then, education at the Bachelor’s level has become standard in most Western 
countries. The European Union countries now mandate standardized nursing educa-
tion at the Bachelor’s level; many Latin American countries, Cuba, and Botswana 
have followed suit [ 20 ]. 

 Due to its proliferation of community college programs, the United States stands 
alone in developed countries as still having half of its nursing graduates with associ-
ate rather than bachelor’s degrees. At the same time, it is also in the United States 
that the highest proportion of nurses has advanced, master’s or doctoral-level training. 
In the 1960s, as an outgrowth of Medicare and Medicaid, the nurse practitioner 
came into existence with nursing being available on the graduate level to expand 
scope of practice, including individual, unsupervised primary care practice in the 
community. 

 Nurse practitioners (and in developing countries, senior nurses and nurse trainers) 
play a central role in community-based and primary care. Discussions continue on 
the scope of practice of nurses. In Cuba, for example, nurses can see patients inde-
pendently of doctors [ 21 ]. In Uganda, nurses are frequently trainers of community 
health workers such as birth attendants [ 22 ]. Such discussions of task shifting and 
integration of nursing care with public health will be instrumental in the next century 
of health professional innovation. This is particularly relevant to areas facing human 
resource shortages, including many urban areas.

 Nursing education 

 Organization innovations  Teaching innovations 

 Progression from hospital-based training to 
the university to Bachelor’s level 

 Community college and post-baccalaureate 
programs for mature students 

 Nurses having scope of practice to see 
patients without doctors 

 Nurse practitioners 

 Attempts to increase scope of practice in 
developing world 

 Nursing training that is founded in population- 
based and primary care-based public health 

       Public Health Education 

 The roots of modern public health education lie in the nineteenth century, when the 
germ theory and sanitation movement provided impetus for microbiology and then 
population health to gain the same scientifi c credibility and societal recognition as 
medicine. In the early twentieth century, in 1913, the Harvard-MIT School for 
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Health Offi cers was founded as the fi rst university-based school devoted to the 
teaching of public health. The Johns Hopkins University School of Public Health 
followed shortly behind. From 1916, the Rockefeller Foundation assisted with the 
development of several other US public health schools such as Columbia and Yale. 
They also helped establish some overseas ventures, including schools in Chile and 
Tokyo, with varying success. 

 While the US public health schools began developing, the London School of 
Hygiene and Tropical Medicine concurrently started in 1924 and fl ourished. Their 
focus was always, from the very beginning, on global health, with its mandate from 
the Royal Charter to send graduates to work in developing countries. 

 The success and failure of various public health education programs offer inter-
esting lessons. For example, some of the most successful schools of public health 
have been ones that began independently of medical schools. While this allowed 
these independent public health schools (Harvard and Hopkins are both examples) 
to develop into strong entities in their own right rather than subject to funding pres-
sures of academic medical centers, this may have led to the accidental dissociation 
between medicine and public health in the United States. How to integrate medicine 
and public health has been an ongoing debate. The Welch-Rose report of 1913 was 
the fi rst to touch on the topic, and the New York Academy of Medicine and the 
Institute of Medicine, among others, have investigated this issue [ 23 ,  24 ]. 

 Importantly, this issue of lack of interprofessional integration between medicine 
and public health is primarily a United States issue. In other countries, public health 
schools have not developed nearly to the extent US schools have, and since they are 
mainly departments under medical schools (i.e., department of community and pre-
ventive medicine) and many doctors work in public health, there is less separation. 
The fl ip side of this is that most other public health schools do not have the reach 
and impact of the separate schools of public health. Also, while the focus of other 
countries’ public health schools has not been on leadership and research in the same 
way as US and UK schools, they have had perhaps as useful of a mission to develop 
public health professionals to work in their indigenous  contexts. 

 There have been many specifi c seeds of innovation in public health education. 
For example, Mexico’s Institute of Public Health was founded as a training ground 
for the Ministry of Health and then developed into a public health school with more 
academic rigor. In its retention of graduates after their doctoral training, the United 
States added to its strong academic and research mission [ 25 ]. 

 Various programs are beginning to increase access to public health education. 
South Africa’s National School of Public Health initiated a distance IT program. By 
using a primarily online teaching curriculum and limiting compulsory classroom 
time to four 2-week blocks, students of 16 African countries have been able to take 
the course. In just 5 years of the IT/distance course, the number of graduates from 
this public health school has exceeded the number of graduates from all six other 
public health schools combined [ 26 ]. Some issues relating to its dropout rate and lack 
of computer literacy must still be worked out; also it is not clear whether graduates 
have gone on to work on resolving public health issues in sub-Saharan Africa. 
Nevertheless, such a model taking advantage of technological resources to transcend 
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national borders offers much potential, especially for those who lack the means to 
travel outside their home countries for public health education. 

 Another example of increasing public health education is through shorter-term 
courses. Brazil’s story is colloquially referred to as how one public school turned into 
40 because that, in fact, is its history. One public health school, the Sergio Arouca 
National School of Public Health ( Escola Nacional de Saude Publica Sergio Arouca ) 
in conjunction with the Oswaldo Cruz Foundation set up a short, 6-month public 
health course in each of Brazil’s 27 states. These courses then each turned into public 
health schools [ 27 ]. Brazil now has one of the highest concentrations of public health 
training programs in the world. This model of short courses turning into core public 
health curricula is another good example of ramping up human resources for public 
health. It also illustrates how collaboration can be useful in public health education, 
with “private” representing both nonprofi ts and potentially for-profi t enterprises. 

 Another area that has been called the greatest unfulfi lled educational opportunity 
in public health is the lack of clinical curriculum for public health students. 
Bangladesh’s James P. Grant School of Public Health at BRAC University is a non-
governmental organization collaboration that has as part of its curriculum a required 
hands-on project in the community [ 28 ]. Lessons can be learned from BRAC and 
developing countries’ programs to incorporate a practical, applied-learning experi-
ence that is the equivalent of clinical experience in medicine to public health train-
ing. Not only would this enhance public health education; it serves as a method to 
involve other health professions in interprofessional collaboration and can be 
extended to international contexts to improve global interconnectedness. 

 Another example of transcending national borders is direct collaboration between 
two schools or institutions in different parts of the world. A recent “twinning” project 
that focuses on interdisciplinary education is the Johns Hopkins University (USA) 
and Makerere University College of Health Sciences (Uganda) collaboration on the 
African Health Education Initiative. Funded by a $5-million grant from the Gates 
Foundation, the initiative is a 10-year-long process that involves the faculties of 
medicine, nursing, and public health at both schools to build upon the educational 
capacity of Makerere University, Uganda’s largest university. The project is based 
on the principles of long-term sustainability and consistency with Uganda’s national 
health priorities [ 29 ]. One critique of using this example is that it is a relatively new 
initiative, and results are still unknown; however, it is an example of a twinning col-
laboration that holds much promise as it takes advantage of a developed country’s 
curriculum in the context of a developing country’s health needs. This new model 
also standardizes public health education and makes it accessible to the many people 
who practice public health but have never received formal training in it.

 Public health education 

 Organizational innovations  Teaching innovations 

 Collaboration with academic institutions  Requirement of hands-on applied work 
 Collaboration with NGOs  Distance IT learning 
 Twinning initiatives  Certifi cate programs 
 Short-term courses in public health 
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        Ongoing Challenges and a Proposal for Reform 

 To commemorate the 100th anniversary of the Flexner Report, the Lancet published 
guidelines by a global independent Commission that aimed to establish the twenty- 
fi rst century vision for the education of health professionals [ 30 ]. This Commission 
report emphasized the move beyond professional silos to new models of interpro-
fessional collaboration and proposed many important innovations for moving health 
professional education into the twenty-fi rst century. 

 A separate Lancet Commission of young health professional leaders from around 
the world 1  published an accompanying critique of the report that discussed its lack 
of emphasis to service and social accountability in health professional training [ 31 ]. 
The reforms of the nineteenth and twentieth centuries have been remarkable in 
improving the technical aspects of health care and health education, the report said, 
but many challenges remain—and these challenges require an entire reexamination 
of the mission of health professional education. 

 Perhaps the most important challenge is the neglect of the moral aspect of health 
professional education. The World Health Organization suggests that health pro-
fessional training should feature social accountability, namely, “the obligation to 
direct their education, research and service of activities towards addressing the 
priority health concerns of the community, region and/or nation that they have a 
mandate to serve” [ 32 ]. Students entering the health professions have strong ideals 
that must be fostered during training and sustained within systems of practice. 
Such education must not only involve caring for the individual patient but must 
also instill the importance of community and the ethic of practicing in areas of 
greatest need. 

 Unfortunately, we are far from achieving this goal. Economic factors, such as the 
high cost of medical education and the commoditization of health care, have disin-
centivized young graduates everywhere from entering much-needed primary care 
fi elds [ 33 ]. In developed countries, there is a dearth of providers in underserved 
rural and urban areas; in developing countries, the “brain drain” has resulted in far 
worse shortages [ 15 ]. Moreover, one of the unintended effects of the Flexner Report 
is the disproportionate focus on basic science, leading to an unbalanced curriculum 
that has over 90 % of students reporting that they are not suffi ciently trained in pub-
lic health and problems facing their community [ 34 ]. Additional studies have shown 
that as students go through training, their idealism erodes away, with an accompa-
nying decline in service orientation and empathy toward their patients [ 35 ,  36 ]. 

 Heading into the twenty-fi rst century, it is critical not only to make changes 
regarding the technical aspects of health professional education but also to transform 
and redirect the focus of health professional education toward social accountability. 
Only then can the emerging challenges in urbanization and global health be addressed. 
As the commission of young professionals proposed, here are fi ve key steps for every 

1   The chapter author served as chair of this commission. 
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medical school and health professional training program to help align their training 
with emerging societal need:

    1.     Establish an explicit social mission . Studies have shown that having social 
accountability as the guiding principle will have transformative effects on every 
step of the subsequent training, from recruitment to curriculum design to choice 
of eventual career [ 37 ]. Regulatory bodies should measure social accountability 
and use it as a metric for excellence and accreditation and incentivize inclusion 
of social accountability into the mission statement [ 38 ]. Health professional 
schools located in urban areas should have an explicit mission statement to train 
students prepared to address challenges in urbanization. Graduates must be 
ready to serve the community in which they are trained.   

   2.     Integrate community learning and service into the curriculum . Experiences with 
Cuba, South Africa, China, and the United States, among others, demonstrate that 
students who spend more time in community settings have a much higher rate of 
returning to the community to practice [ 38 ]. For doctors to truly serve as advo-
cates for their communities, an irreplaceable part of training needs to occur in 
the community and directly deal with understanding and addressing community 
concerns. Those students training in urban areas—the majority of students world-
wide—have a ready-made platform to commence and conduct their training of 
urban community and service learning.   

   3.     Emphasize the importance of primary care . While few question the centrality of 
primary health care to the health system, too few young health professionals are 
entering primary care fi elds. Preferential recruitment of those committed to pri-
mary care principles is critical, as is fostering of the commitment through teach-
ing COPC principles and incorporating apprenticeship models with primary care 
practitioners. Health systems also need to incentivize practice as primary care 
providers. This is just important as important in rural settings where there are 
few practitioners, as there are in urban settings, where the number of practitio-
ners may be high but the proportion of those willing and able to serve the urban 
poor remains low.   

   4.     Provide a service option in exchange for free health professional education . 
The concept of debt repayment in exchange for service has existed in virtually 
every country in the form of various loan repayment options [ 39 ]. The example 
of Cuba’s ELAM that has recruited tens of thousands from marginalized com-
munities, and compulsory service programs, provide important models for train-
ing a health workforce to serve communities most in need [ 40 ]. Schools in urban 
areas need to pay particular attention to recruiting those students who show 
potential and provide opportunities for them to seek higher education opportuni-
ties. Such students are far more likely to return to their urban communities to 
serve those most in need.   

   5.     Engage young health professionals in social accountability throughout the 
continuum of their training . Altruism is not a concept that holds true only during 
training; it should last through the entirety of one’s career [ 41 ]. Postgraduate 
programs should help young professionals identify mentors who can serve as role 
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models for social responsibility and help guide trainees to careers in public service. 
Refl ective practice and continuing education can help to reinforce such concepts. 
Those practicing in urban communities should be encouraged to reach outside 
their ivory tower and specialty practices to recruit new trainees and practice their 
art and science in the most underserved areas. This key element of social account-
ability needs to be modeled from the fi rst day of health professional training and 
throughout the continuum of education and practice.     

 The nineteenth and twentieth centuries saw remarkable growth and innovations in 
medical, nursing, and public health education. More interdisciplinary change is 
needed into the twenty-fi rst century, but a far more fundamental reform is due that is 
rooted in the meaning and purpose of the health professions. Particularly as the world 
evolves and there are new and emerging challenges to urbanization and global health, 
the next generation of young health professionals needs to continue to uphold the 
concept that service is the highest calling of our profession. Reform to the healthcare 
workforce is the most fundamental change that must occur to meet societal needs. 
Every country’s system of education and practice should endeavor to train the next 
generation of health professionals as socially responsible agents of change.     
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    Chapter 14   
 The Case for Comprehensive, Integrated, 
and Standardized Measures of Health in Cities 

             Patricia L.     McCarney     and     Anita     M.     McGahan     

         After decades of unprecedented migration into urban areas, the iconic demographic 
development of the twenty-fi rst century is indigenous growth of cities. 1  The world’s 
urban population is projected to reach 4.2 billion by 2020, and the urban slum popu-
lation is expected to increase to 1.4 billion by 2020. While 10 % of the world’s 
population lived in cities in 1900, 53 % of the world’s population now resides in an 
urban area, and by 2050 this number is expected to exceed 75 %. As a planet, we are 
about midway through this transition. The world is said to have crossed the so- called 
rural–urban divide in 2007. 

1   This demographic transition was noted very early in its history by Lewis Mumford (1956) in his 
seminal work “The Natural History of Urbanization,”  in   Man ’ s Role in Changing the Face of the 
Earth   (Edited by William L. Thomas). Many documents from the international development 
agencies have tracked this transition with one of the more important ones being produced by the 
UN in 2001 and titled   Cities in a Globalizing World :  Global Report on Human Settlements  
(UNCHS 2001). 
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    Most of this demographic shift is occurring in low- and middle-income countries 
(LMICs). Nations such as Canada are already through much of the transition. In the 
mid-1870s, Canada was 20 % urban and 80 % rural, whereas by 2005, this balance had 
reversed to 80 % urban and 20 % rural. Other relatively HICs have moved through 
similar transitions, including Brazil (now 86 % urban), the United States (82 %), 
Australia (89 %), United Kingdom (90 %), and Jordan (78 %). In global terms, it is the 
LMIC nations that are emerging as pivotal actors in this demographic transition. 
Virtually all of the world’s future urban population growth is predicted to occur in less-
developed countries. Cities of the developing world will absorb 95 % of population 
growth and will be home to 80 % of the world’s urban population. 

 This global transition is also marked by a growing number of exceptionally large 
cities. In a UN ranking of city agglomeration by population, it was found that by 
2005, the number of megacities (defi ned by the UN as greater than ten million) had 
increased to 20, and it is projected that there will be 22 megacities in 2015. With 35 
million residents in 2005, the metropolitan area of Tokyo was by far the most popu-
lous urban agglomeration in the world. Tokyo was followed by Mexico City and 
New York-Newark, each with 19 million residents, and São Paulo, with 18 million 
people. In 2005, megacities accounted for about 9.3 % of the world’s urban popula-
tion [ 1 ]. By 2015, 17 of these 22 megacities will be in the LMICs [ 1 ]. 

 Thus, one out of every three people living in cities in 2020 will live in impover-
ished, overcrowded, and insecure living conditions (UN-Habitat 2007). Global 
health risks, policy challenges in health services, and other health issues fi nd par-
ticular expression in the world’s cities as they grow. The relationships between 
health and other city conditions are increasingly complex and entangled—social 
cohesion, safety, security, and stability are being challenged by social exclusion, 
inequities, and shortfalls in basic services. Health is one manifestation of a city’s 
complex conditions in each of these areas. 

 City leaders around the world have expressed intensifi ed interest in the mechanisms 
available for supporting and promoting the health of both new and established residents. 
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This stems in part from the recognition that, in many ways, the path toward healthier 
cities is entwined with more effective governance and innovation in local urban policy. 
As the globe’s population has congregated in major urban centers, the nature of health-
care needs for urban populations has also changed. The health of a city’s residents 
depends on critical infrastructure, the maintenance of water and sanitation systems, the 
availability of affordable housing, the protection of spaces for physical activity, the 
extent of pollution, and the strength of the economy, among many other conditions. 
Thus, the governance of a city has a profound impact on the health of its inhabitants. 
Understanding this link requires a broader scope of inquiry and a more nuanced 
 understanding of what factors are worthy of attention in the urbanized and urbanizing 
setting. In other words, improving the health in any city must account for the complex-
ity of layered conditions in the city, including its governance profi le. 

 At the same time as cities are growing, healthcare industries are globalizing. 
A crisis of cost is occurring in many regions of the world [ 2 ]. Innovations carry the 
potential to sustain and improve quality of life and quality of health, but they must 
also be affordable both as investments and in operation. As a result, particular atten-
tion has focused on the opportunities for frugal or low-cost innovation in cities in 
which per capita income is lower than the global average. Healthcare innovation 
represents the convergence of both municipal and health policy. The challenge is in 
simultaneously innovating to improve the health of the poor while assuring that 
such innovation is locally relevant, given the complex fabric of issues unique to 
each city [ 3 ]. 

 Meeting both the localized needs of a city’s urban population and tapping the 
potential of global health innovations requires a comprehensive understanding of the 
complex condition of a city, as well as its prospects for improving health. In this 
paper, we argue that standardized city indicators, developed in partnership with city 
leaders to establish a common, accepted methodology for measuring health and other 
urban conditions, can unlock an understanding of each city’s unique and shared 
health challenges and thus enable cross-city learning. This understanding is a prereq-
uisite for effective action to improve the health of urban populations. 

 Nothing about the development or interpretation of standardized indicators is or 
should be simple. Such metrics must be developed collaboratively—through con-
sultation with city leaders—to achieve legitimacy and relevance. The complexity of 
a city’s conditions defi es a ranking-based interpretation of such standards. Instead, 
comparisons must be accompanied by a detailed and qualitative interpretation of the 
relative circumstances of cities. The task of developing standard metrics must there-
fore be undertaken with sensitivity and commitment. 

 At the same time, the need for such measures is signifi cant. The growth of major 
urban settings has many implications for the health of their inhabitants. Our ability 
to understand these effects has been hindered by a lack of comprehensive metrics 
for meaningfully measuring health in cities. While some data on health are avail-
able, we know little about the strategies and dynamics of improvements in health in 
settings where migration has been signifi cant and/or where indigenous growth has 
occurred. We know even less about returns on major civic investments in health. 
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Thus, in spite of the obvious relevance of health metrics, the relationship between 
urbanization and health has remained under-discussed and under-studied. 

 With a view to addressing this gap, this paper will seek to make the case for 
integrated assessments of the relationship between health and urbanization. In making 
this case, we will briefl y review the connections between various facets of city 
conditions and health. The core of our argument is that the evolution of cities has 
introduced new layers in our interpretation of urban health, new complexities in 
governing cities with respect to health services, and new research challenges to 
measure and monitor health in cities. How do we address this multiple layering and 
new complexity? How do we account for the unique health circumstances of each 
city while exporting best practices and fostering mutual learning across city bound-
aries? We argue that we can only obtain answers to these questions through a much 
broader and more comprehensive framework for assessing health than is available 
today, and we highlight a leading initiative based at the University of Toronto—
namely, the Global City Indicators Facility (GCIF). 

    Facets of a Comparative Measurement Framework 
for Cities and Health 

 Historically, measures of the health of populations have fallen into two broad 
categories. The fi rst category involves involves hard measures of medical capacity. 
This refers to quantitative assessments of factors such as the number of doctors per 
capita, the number of hospital beds, and gross expenditures on health services. The 
second category involves cross-sectional measures of population health with 
respect to specifi c outcomes such as infant mortality rates, life expectancy at birth, 
and maternal mortality. In this sense, all measures of health have been tied directly 
to traditional health sector indicators. 

 Recent emphasis on public policy and the social determinants of health has led to 
greater emphasis on project-specifi c assessments, in particular “evidence-based” 
analysis of the incremental impact of particular interventions on population health. 
Yet despite impressive efforts to improve understanding of the impact of particular 
programs, the applicability of these analyses has been limited primarily because the 
context for each intervention differs. In addition, the metrics relevant to a particular 
program refl ect its idiosyncratic goals and thus differ by project, making comparability 
across studies diffi cult to achieve. 

 While these approaches are certainly not without merit, we recognize that there 
are a number of opportunities to develop comparative metrics that can inform the 
implementation of programs and policies. Without comparability, city leaders can-
not assess the performance of their municipality’s programs. However, developing 
“comparable” metrics must allow for the complexities associated with health factors, 
such as the levels of inequality and poverty within a city, the degree of participatory 
local governance, and the impacts of environmental, economic, and social conditions. 
As a result, we propose quantitative comparative analysis—both in cross section 
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and longitudinally—interpreted through integration with qualitative assessments of 
the complexities of each city’s conditions with a view to exposing a more holistic 
picture of the status of health in cities (Exhibit  14.1 ).  

 This kind of comprehensive system of comparative, system-based assessments 
must include of the following facets of city life that have been documented as relevant 
to public health. 

    Education 

 Education is among the most important determinants of health in a city’s landscape [ 4 ]. 
The correlation is suffi ciently strong as to support the view that education—and 
especially the primary education of girls—is one of the most effective forms of 
preventative medicine [ 5 ]. Literacy, quantitative skills, and the ability to commu-
nicate effectively provide a city’s youth with the capacity to envision alternatives 
related to personal health, such as avoidance of violence, the pursuit of nutrition, 
and a basic capability to self-diagnose illnesses such as malaria. Education is criti-
cal to one’s ability to obtain meaningful employment and is essential for building 
a population with the ability to problem solve, think critically, and behave 
resourcefully. 

 As literacy and education are so closely tied to socioeconomic status, increased 
education reduces poverty and thus allows communities to overcome economic bar-
riers to access to health [ 6 ]. By cultivating an understanding of the consequences of 
behavioral choices and of alternatives, education can dramatically reduce the spread 
of communicable diseases such as malaria and sexually transmitted diseases such 
as HIV/AIDS. It has the effect of improving maternal health, child health, and 

  Exhibit 14.1    Facets of city life       
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newborn survival. A comprehensive examination of the health of cities must there-
fore account for such factors as levels of primary-school enrollment, the rates of male 
and female attendance, and primary and secondary school completion rates.  

    Housing, Clean Water, and Sanitation 

 Safe and affordable housing is an integral component of urban health. Chronic 
homelessness is often a direct burden on a city’s healthcare system. 2  The absence of 
safe and affordable housing engenders desperation and can lead to vulnerability to 
violence, poor nutrition, mental health issues, and exposure to infectious disease [ 7 ]. 
Poor housing is also frequently accompanied by practices such as in-home, open-pit 
cooking and inadequate separation of water and sanitation facilities, which expose 
city dwellers to carcinogens and perniciously drug-resistant waterborne diseases [ 8 ]. 
In short, access to housing is signifi cant both to the physical and mental health of a 
population. Variability in the quality of available housing may exacerbate the health 
impacts of inadequate housing. For example, increases in the value of housing may be 
accompanied with reduced options for shelter. Poorly maintained, low-income hous-
ing may be only marginally healthy due to problematic air quality, pervasive mold, 
disease-amenable dampness, and inadequate emergency equipment.  

    Employment 

 The rate of employment is among the most signifi cant determinants of health within 
a population. Of course, an immediate impact of employment is normally income, 
which confers direct benefi ts on workers who almost invariably use income to 
improve nutrition, personal security, and housing. Employment also confers other 
benefi ts on workers, such as social support, the prospects of long-term security, and 
mobility [ 9 ]. While sound and secure employment can have immediate and long- 
term benefi ts to a person’s health, in environments where employment is less safe or 
secure, the adverse impact on one’s health can be signifi cant [ 10 ]. Unemployment 
or underemployment may harm one’s health by prohibiting access to necessary care 
or by undermining nutrition or housing. Dangerous and stressful jobs and work-
places with minimal safety and security measures may also materially reduce a 
worker’s prospect of health.  

2   Consider, for example, the Vancouver Coastal Health organization’s adoption of a “housing fi rst” 
strategy to address health issues in the city’s notoriously impoverished downtown east side. 
The belief that housing is not only signifi cant in providing immediate physical wellbeing but also 
dramatically reduces the prevalence of many health issues drove the innovative policy. The goal 
was to reduce the rates of homelessness in the area and simultaneously reduce the burden of pre-
ventable illnesses on the local healthcare facilities. 
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    Peace and Security 

 Beyond the simple threats of physical danger and violence that are posed by the 
presence of confl ict and civil unrest, the absence of peace and security impacts 
health in many other ways [ 11 ]. One of the most immediate is food insecurity [ 12 ]. 
When cities are engaged in or subjected to confl ict, the regular importation of food-
stuffs is almost always disrupted and may even be halted. Health conditions suffer 
accordingly and may become acute in regions already at risk due to malnutrition. 
Similarly, confl ict may disrupt access to health facilities—for example, when civil-
ians cannot leave their home for travel to hospitals or clinics due to the risk of injury 
en route. In contexts where movement is limited due to confl ict, access to medicine, 
clean water, and heating fuel may also be limited. Lack of access to antibiotics or 
painkillers can trivialize the entire operational capacity of a medical team, as we 
have seen in many humanitarian crises (and recently in Homs, Syria) [ 13 ]. 

 In cities where confl ict or destabilization progresses, the likelihood of “medical 
fl ight” increases. Medical fl ight occurs when medical professionals or medical 
NGOs withdraw from a city, either voluntarily or on command, out of concern for 
safety. In 1995, humanitarian medical organizations left the city of Goma in the 
Democratic Republic of Congo (then Zaire), due in part to a belief that their medi-
cal contributions were having the effect of perpetuating confl ict by enabling the 
health of the perpetrators of crimes [ 14 ]. The decision to depart was, however, 
adverse for thousands of Goma residents who no longer had access to any medical 
facilities [ 14 ].  

    Innovation Capacity 

 The presence of industry and the ability to develop a local economy or participate in 
regional or global markets are not only benefi cial for employment but also increase 
a particular city’s capacity to innovate and therefore achieve comparative advantage 
[ 15 ]. Over time, the ability of a city to fl ourish depends in a detailed way on the 
micro- dynamics of exchange among residents and the unique character of the city 
that emerges. Innovative cities and the ideas they spawn stimulate exchange that 
heightens a city’s value added in the broader region and around the world, which 
ultimately makes the city economically sustainable. 

 Where there is capacity to innovate, there is greater achievement of context- 
specifi c solutions to health issues. The high-cost health solutions used in devel-
oped nations may not be sustainable or similarly effective in less-developed 
contexts [ 15 , p. 17]. Low-cost innovations that have the ability to permeate health 
systems and practices in developing countries will have a far greater impact than 
externally imposed short-term, high-cost solutions [ 15 , p. 25]. However, where 
there is no capacity or support for this type of innovation within a city, the poten-
tial benefi ts to population health are lost—which can have dire consequences in 
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nations that already face health burdens from many of the  aforementioned determi-
nants of health. For example, this would certainly be true of Haiti, Somaliland, and 
South Sudan.   

    Designing a Comparative Measurement Framework 
for Cities and Health 

 Comparative health measures for cities and a broadened basis for a more informed 
contextual analysis for health in cities requires a platform of city data that is com-
parative and globally standardized across cities. The processes by which such a set 
of metrics is developed are crucial to their legitimacy and usefulness. Similarly, a 
careful interpretation of the metrics that integrates qualitative assessments and 
refl ects the unique conditions of each city’s context is central to carrying out an 
apolitical assessment. 

 The Global City Indicators Facility (GCIF) has been established to respond to 
the urgent need for a globally standardized set of city indicators. Headquartered at 
the University of Toronto, the GCIF hosts a network of some 250 cities worldwide 
and provides a globally standardized system for data collection that allows for 
comparative knowledge and learning across cities globally (see Exhibit  14.2 ).  

 The GCIF is currently developing a Global City Indicators Standard within the 
framework of the International Organization for Standardization (ISO) to ensure a 

  Exhibit 14.2    The Global Cities Indicator Facility       
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consistent and standardized methodology for city indicators. This work is being 
undertaken with the Technical Committee on Sustainable Development in 
Communities (TC268) to develop a new series of standards for a holistic and inte-
grated approach to sustainable development. 

 The development of the indicators has only begun. No comprehensive assess-
ments are yet publicly available, but the discourse surrounding the construction of 
the database has already yielded a number of important insights regarding the design 
of a comparative measurement framework. The prospective power of these indica-
tors, in this age of urbanization, is in the hands of city managers, politicians, health 
planners, researchers, business leaders, designers, and other professionals who seek 
to promote livable, tolerant, healthy, sustainable, economically attractive, and pros-
perous cities globally. 

 One critical facet of the GCIF’s work is the necessity of partnerships in the inter-
pretation of the data generated through an assessment of any city’s profi le. The GCIF 
assists cities in drawing comparative lessons from other cities locally and globally. 
The GCIF online platform enables cities to compare and learn from other cities rela-
tive to their peer groups. Cities can sort themselves into relevant peer groups, for 
example, according to their  population size  or  region  in order to draw comparative 
lessons. Cities can also sort themselves into other comparative peer groups such as 
climate type, land area, GDP per capita, or gross operating budget. This comparative 
approach creates a knowledge network that connects cities and builds global 
partnerships. 

 As these collaborations develop, city leaders such as mayors and city managers 
increasingly ask for comparative analysis: How are we doing relative to our peers? 
How can we learn from our peers in order to better plan for the future? 

    The Challenge of Knowing Where to Draw the Line 

 The GCIF indicators are structured around 20 themes and measure a range of city 
services and quality of life factors which can support and provide a framework for 
health planning in cities. The current set of global city indicators was selected based 
on a pilot phase with nine cities and from signifi cant input from the current member 
cities, ensuring that these indicators refl ect city information needs, interests, and 
data availability. A subset of these indicators related to health is included as 
Exhibit  14.3  in the GCIF Profi le titled  Health in the City .  

 This profi le includes a platform of health indicators for cities according to themes: 
Governance; Economy; Demographics; Demand for City Services; Environmental 
Stressors; Healthy Living Space; Potential Health Hazards; Access to Information, 
Education, and EMS; and Level of Healthcare Service. 

 A central challenge in the development of this list of indicators is in “drawing 
the line,” i.e., identifying which facets of city conditions will  not  be considered an 
element of health. City leaders involved in the project naturally favored measures 
that refl ected the unique conditions of their urban environments. Several GCIF 
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  Exhibit 14.3    GCIF health profi le       
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conferences were held to negotiate metrics among members of the facility to achieve 
a balance that allowed both comparability and captured systematically-relevant 
nuances of cities under varying circumstances. For example, after considerable 
discussion and refl ection, conference participants elected to include measures of the 
stability of electricity as a critical component of the health system—primarily 
because frequent and long outages have a direct impact on health needs.  

    The Challenge of Accurately Measuring Change 

 Effective measurement requires not only cross-sectional validity but also inter- 
temporal series that support an understanding of how the circumstances of a city 
develop over time. The measurement of change in critical variables is central to the 
identifi cation of a particular policy with a particular outcome. 

 Measuring health indicators accurately in these settings is complicated by many 
factors, including the absence of consistent systems of citizen registration, mortality, 
clinical outcomes, police action, school enrolments, and the quality of water, to name 
only a few. As the quality of measurement systems improves, accuracy depends not 
only on capturing contemporaneous metrics on each relevant dimension but also on 
tracking progress in the measurement itself. Such tracking is essential to the avoid-
ance of attribution bias in improvements. In other words, an observed improvement 
in childhood education, may be partly due to actual improvement in school systems 
and partly due to better mechanisms of assessment. Understanding the difference is 
central to understanding the payoff to investments in health improvements. The chal-
lenge of effective implementation of systems for tracking improvement requires, in 
impoverished settings where the demand for resources is high, the diversion of cru-
cial capabilities to tracking metric quality.  

    The Challenge of Comprehensiveness 

 The demographic transition occurring globally in cities is also marked by shifting 
age cohorts and, more generally, marked by aging populations in major geographic 
regions. Signifi cant advancements in human development and public health have 
resulted in higher living standards and a global population that lives longer [ 16 ]. 
Statistics indicate that the global life expectancy rate has risen from 47 years in the 
1950s to 65 years at the turn of the new millennium [ 17 ]. In Japan, a highly devel-
oped country, the average life expectancy is over 80 years, and by 2050, it is expected 
that those under the age of 20 will be outnumbered by those over the age of 80 [ 17 ]. 
Although these factors suggest major gains in human capabilities and knowledge, 
they also bring about a new set of challenges. Global population growth coupled with 
increased life expectancy rates indicate that aging is emerging as a pressing policy 
and development issue [ 18 ]. The number of senior citizens (aged 60 and over) 
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will grow from 11 % in 2006 to 22 % by 2050 [ 1 ]. For the fi rst time in human history, 
seniors will outnumber children aged 0–14 years [ 1 ]. 

 This demographic shift brings with it a new set of policy challenges, particularly at 
the city level, and a new demand for metrics that account for these changes. This is 
especially true for LMICs, which must deal with the effects of an aging population in 
addition to the burdens of poverty. According to UN-Habitat, “in developing countries 
the share of older people in urban communities will multiply 16 times from about 56 
million in 1998 to over 908 million in 2050. By that time, older people will comprise 
one fourth of the total urban population in less developed countries” [ 19 ]. In Africa, 
aging is not visible in most policy dialogue and so tends to be  de-prioritized in terms 
of budgetary allocations, thereby increasing the vulnerability and marginalization of 
older Africans [ 20 ]. These predictions indicate that policy decisions at the city level 
are becoming increasingly vital to the state of the world’s aging population. Evidence-
based decision-making facilitated by indicators will prove invaluable in maneuvering 
through this demographic transition.   

    Early Insights 

 The issues raised in the implementation of a system of comprehensive, integrated, 
and standardized measures of health in cities refl ect a larger and more fundamental 
question regarding urbanization. The rapid growth of cities and the transformation 
of nations to urban predominance raise a core set of challenges in the governance of 
cities. Governing frameworks and constitutions, created under historic circum-
stances of largely rural societies, are increasingly contested with the rise of cities. 
Key questions arise in cities worldwide and in almost all nations: What are the rela-
tive roles of national and local governments in managing cities? In particular, how 
should responsibilities and fi scal powers be distributed between different tiers of 
government, as an increasing proportion of a country’s population is concentrated 
in cities? In terms of health, what multilevel governance model is preferred, and 
how does one determine answers to this governance arrangement locally? 

 The devolution of powers to the municipal level is often argued as a means by 
which to achieve good urban governance. Granting municipal governments control 
over revenues and expenditures, raised and spent locally for local benefi t, aids in the 
improvement of a city’s “livability” through improved performance and effective 
delivery of city services. 

 Empowering municipal governance is made more complex, however, by the 
growth of the urban population, its geographic spread across existing municipal 
boundaries, and its diversity. The actual economically functional areas of cities and 
their competitive geographic concentrations have rendered existing municipal 
boundaries and structures of governance outdated and ill equipped to confront the 
challenges of cities in the twenty-fi rst century. In the UN-Habitat’s  State of the 
World ’ s Cities Report 2008 / 2009 , McCarney and Stren argue that governance across 
vast and multiple jurisdictional boundaries is plagued with fragmentation in 
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policy, decision- making, management, and implementation. Poorly understood and 
poorly governed cities can neither deliver services nor support sustainability, pov-
erty alleviation, and prosperity agendas. A growing challenge will be how to deter-
mine appropriate governance structures for managing urban areas and the 
inter- jurisdictional issues that megacities engender [ 21 ]. New systems of urban gov-
ernance are required for inclusive and healthy cities that can deliver on the eco-
nomic, social, and environmental promise of urbanization. 

 The effectiveness of governance is the determining factor in whether a popula-
tion will be passive recipients of health interventions or active participants in a 
healthy city. Effective health governance in the face of rapid urbanization can only 
be achieved when decisions are supported by accurate, timely, and relevant infor-
mation about both health conditions and the effectiveness of health interventions. 
The decentralization of the administration of effective health policy depends cru-
cially on the development of a skilled workforce steeped in an understanding of the 
complexities of achieving desired health outcomes, plus a workforce equally 
skilled in the administration of health protocols. Effective health interventions 
should and must be targeted at elements of city conditions that are most relevant to 
the city’s health profi le: education, housing, water, sanitation, peace and security, 
and innovation systems. Targeting efforts at specifi c root causes while tailoring 
them to the constraints of a city’s capacity is only manageable when information is 
readily available about a city’s performance. Where the operations of governance 
have access to increased information, more informed decision-making becomes 
possible. This will require more extensive research and analysis of the indicators 
discussed above and the contextualization of this information within the gover-
nance of a given city. 

 Even as the GCIF develops, data limitations at the city level and the diffi culties 
of translation of metrics into city management and informed policy point to critical 
challenges for the future. Already we envision the need for a deeper examination 
of the factors that shape health and the extent to which they can be measured com-
prehensively. There is reason to believe that education, empowerment, and innova-
tion are mutually complementary and can best be understood not separately but in 
an integrated model of city dynamics. The GCIF contributes to the improved health 
of cities by sparking interactions among city leaders on the precise elements of 
such a model.     

  Acknowledgement   Thanks to Kerry Paterson for capable and thoughtful research assistance.  
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