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Foreword

 Informing, Inspiring, and Mobilizing New Talent to Address 
Global Health Inequity

The editors of this book shine a bright light on disciplines, approaches, and issues 
that have been neglected in global health for far too long: oral health, supply chains, 
disability, nutrition, media, urbanization, and more.

The editors’ primary purpose in writing this book was not to facilitate additional 
academic publications in scientific journals; rather, it is a challenge to all of us, 
particularly academia, to identify ways to increase our impact on the pressing global 
and local challenges before us. It summons an increase in our efforts to inform poli-
cymakers, create intersectoral and interdisciplinary partnerships, build capacity in 
low-resource institutions, and, of course, advance knowledge.

Transforming Global Health dares academia to reform and strengthen its con-
tract with society.

The book’s practical approach is rooted in the history and circumstances that 
befell the city in which the editors’ home institution resides. Buffalo, New York, an 
affluent global hub in its heyday, faced increasing poverty and health disparities 
from the latter part of the twentieth century. Throughout this period, the University 
at Buffalo (UB) remained committed to supporting local communities while main-
taining its eye on global challenges. In 2014, its leadership took this one step fur-
ther. It chose to tackle grand global challenges through the creation of a Community 
of Excellence in Global Health Equity. This structure was a mechanism for the 
university not to do “business as usual” but to connect neglected disciplines in 
global health, such as architecture, urban planning, and engineering, with the tradi-
tional biomedical disciplines that dominate the field. They also made certain that the 
well-being of people, especially those with the greatest need, was central to the work.

The Consortium of Universities for Global Health (CUGH), the world’s largest 
academic global health organization, has taken a similar path to that of UB. CUGH 
is dedicated to mobilizing academia’s capabilities to improve the health of people 
and the planet. Impact oriented, it has used its convening power to build 
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 interdisciplinary relationships with institutions across Africa, Latin America, Asia, 
and Europe. Working across education, research, service, and advocacy, CUGH 
assists its members in strengthening their work. CUGH is mission driven to improve 
the well-being of people and the health of the planet. Like UB, CUGH works to 
reduce inequity, build capacity, neutralize power imbalances, share knowledge, 
work across disciplines, and bring sectors together.

This textbook, UB’s innovative work, and CUGH’s many activities are all efforts 
to reform academia and practice; to engage other sectors and utilize universities’ 
capabilities across education, research, and service; and to have a greater impact on 
local and global challenges. Taking this forward-leaning approach beyond the 
“ivory tower” will provide new research and training opportunities for students and 
faculty. By creating new ways to tackle public challenges, academia will show its 
value to other sectors. This approach, in turn, could attract new, much-needed 
sources of funds from governments, the private sector, foundations, and NGOs that 
profoundly improve lives.

The editors share a framework that can be used by any organization to under-
stand and overcome barriers to global health equity. This “Spiral of Progress” 
approach consists of seven steps to help decipher the intricacies and unlock the 
creative solutions to a wide spectrum of grand challenges.

Transforming Global Health is an important companion to existing texts in the 
field. Readers, from policymakers and implementers to students and faculty, will 
find it a highly relevant guide to understanding what is needed to improve global 
health equity and achieve the Sustainable Development Goals. The book will 
inform, inspire, and mobilize individuals across disciplines to collaborate and 
address the pressing global health challenges we all face.

Keith Martin
Consortium of Universities for Global Health
Washington, DC, USA

Foreword
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Preface

 Introduction: The Audacity to Achieve Global Health Equity

Global health is undeniably a complex topic. And overcoming health disparities—
across ages, across genders, across economic ranks, across all countries—may very 
well be impossible. Yet we, the handful of contributors in this book and the thou-
sands of academics and practitioners around the world invested in global health 
work, pursue this grand ambition with intellectual vigor, expressive passion, and 
mindful optimism (and frankly, a fair dose of uncertainty, frustration, and skepti-
cism) [1]. This book comes from a lofty vision (and concerted actions) to transform 
global health—to change how it is investigated, taught, and practiced, even concep-
tualized—in order to achieve equity.

For researchers, professionals, and teachers, the challenges are apparent, though 
the solutions are not. For you, we hope that this book opens up new ways of thinking 
about long-standing and emergent global health issues. For students new to the sub-
ject of global health, the range of challenges, and the intricacies of each of them, 
may not be as clear. For you, we provide a wide-reaching, yet interesting and acces-
sible, look at the factors that influence human health across the world, and we draw 
on the perspectives of many disciplines.

Here is the backstory on how this came to be.
In 2014, the United Nations was finalizing its Sustainable Development Goals 

(SDGs), the aggressive agenda to end poverty, eliminate hunger, realize gender 
equality, and improve the economic, environmental, and social conditions of people 
across more than 190 member countries. Three key initiatives guided the launch of 
the SDGs:

 1. the foundational work of the Millennium Development Goals, which guided 
global efforts from 2000 to 2015

 2. a UN summit in Brazil in June 2012 titled “The Future We Want,” which reaf-
firmed the commitment to human rights and sustainable development

 3. a 30-member Open Working Group, who drafted the goals
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Advancing equity, improving wellness, and stewarding planetary health emerged 
as core aims, and implementation continues to evolve through the “High-level 
Political Forum on Sustainable Development” [2].

Concurrently, the World Health Organization focused significant attention on the 
growing outbreak of Ebola in western Africa. First reported on 23 March 2014, the 
outbreak would become, by the end of the year, the largest Ebola epidemic in his-
tory. While the vast majority of the 11,325 deaths were constrained to Guinea, 
Liberia, and Sierra Leone, confirmed cases in Italy, Spain, the United Kingdom, and 
the United States illustrated how seemingly distant outbreaks could cross not only 
borders but also oceans. Health economists and public health scholars have esti-
mated the economic and social burden of the outbreak on affected countries to be 
greater than $50 billion. Nevertheless, for their courageous, timely, and effective 
efforts to stop the spread of disease, Time magazine named The Ebola Fighters as 
their 2014 “Person of the Year” [3].

 The “DNA” of This Book

While these two globally significant events played out, a much more modest initia-
tive began in Buffalo, the second largest city in New York State. A former global 
powerhouse—a hub of commerce and innovation, with more millionaires per capita 
than any city in the United States in 1900—Buffalo experienced precipitous eco-
nomic and population decline throughout the second part of the twentieth century. 
Poverty, racial segregation, and educational and health disparities grew; yet the 
University at Buffalo—The State University of New  York remained steadfast in 
both supporting local communities and maintaining global ambitions. In 2014, the 
Provost and Executive Vice President of Academic Affairs, Charles Zukoski, along 
with the Vice President for Research, Alexander Cartwright (now Chancellor of the 
University of Missouri), launched a signature initiative.

Their aspiration was to leverage the university’s standing as the most compre-
hensive public research university in the northeastern United States and to propel 
higher-impact research through a series of new Communities of Excellence. Zukoski 
solicited “audacious” proposals across all faculty ranks and disciplines to take on 
“grand, global challenges.” Following a yearlong competitive process, the univer-
sity inaugurated three new interdisciplinary communities, including the Community 
of Excellence in Global Health Equity. It was to be co-led by the editors of this 
book—Ram, then a faculty member in the Department of Epidemiology and 
Environmental Health, trained as a physician and former employee of the US 
Centers for Disease Control and Prevention; and Smith, a faculty member in the 
Department of Architecture with training in both architecture and higher education 
leadership. They worked alongside Li Lin, a faculty member in Industrial and 
Systems Engineering who studies efficacies (and inefficiencies) in healthcare set-
tings, and Samina Raja, a faculty member in Urban and Regional Planning who 
studies food systems.

Preface
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In the landscape of global health, this was a curious mix.
A number of truly outstanding universities have an exceptional history of global 

health research and education—the London School of Hygiene and Tropical 
Medicine, Johns Hopkins University, Emory University, and the University of 
Washington, to name only a few. Their initiatives commonly reside in robust schools 
of medicine or public health, among other health sciences; and their reputations are 
built on influential research, often in the domain of infectious diseases, such as the 
foundational work on Ebola vaccine development at Yale University in the 1990s. 
The Community of Excellence in Global Health Equity at the University at Buffalo 
sought to complement these long-standing legacies in two important ways [4].

First, our focus was less on producing traditional scholarly outputs, e.g., journal 
articles, and more on practical applications. Since our inception, we have sought to 
inform public policymakers, bolster partnerships with governments and interna-
tional nongovernment organizations, build knowledge and capacity among practi-
tioners, and give voice to the areas that desperately need more funding. A clear 
example resides in a collaboration with the World Health Organization and UNICEF, 

Founding Principles
The Community of Excellence in Global Health Equity launched with four 
guiding principles. These principles sought to transform both the academy 
and work in global health. For the academy, the principles signaled the impor-
tance of collaborating with nonacademic stakeholders toward greater societal 
impacts; for the domain of global health, the principles affirmed the impor-
tance of involving a wider range of disciplines. The principles are:

 1. We are equity driven. We work on major, yet understudied, global health 
disparities, for which UB possesses leadership capacity—such as provid-
ing clean water and sanitation for the 800 million people with disabilities 
in LMICs.

 2. We are impact oriented. We provide policymakers, practitioners, and dis-
semination organizations with knowledge and tools to do their best work, 
while simultaneously delivering traditional scholarly outputs—such as 
developing solutions to the causes and health effects of air pollution.

 3. We are stakeholder responsive. We work with international partners to 
define problems, carry out research, and find solutions—such as collabo-
rating with international organizations and communities throughout the 
world to improve newborn survival and health.

 4. We are Health-APEX, together. We leverage underutilized disciplines, 
bringing architecture, planning, engineering, and other cross-synergizing 
(APEX) disciplines together with the health sciences to sharpen the prying 
edge to otherwise intractable problems—such as physicians and social 
workers working with architects and engineers to improve health access 
for resettled refugees.

Preface
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through the Joint Monitoring Programme, which measures progress toward the 
attainment of the SDGs. The partnership culminated in the publishing of the first 
ever tool for assessing the accessibility of water, sanitation, and hygiene facilities in 
schools for children with disabilities, who have lower graduation rates due in part to 
poor school design [5].

Second, given the complexity of nearly all global health challenges, we saw a 
need to involve many more disciplines. Awareness has grown about the intercon-
nectedness of income inequality, gender inequality, education inequality, and other 
factors with health. Commensurately, disease and disability are not solely biological 
problems; climate, ecology, political and social structures, technologies, and sys-
tems all play a role in health and well-being.

To cultivate food equity across the globe would require people from the fields of 
community health, communications, education, mathematics, political science, and 
regional planning. To ensure the health and well-being of refugees would require 
architects, family physicians, industrial engineers, linguists, and social workers. To 
combat antimicrobial resistance in the built and natural environments where “super-
bugs” emerge would require expertise from chemistry, environmental engineering, 
geography, and medicine.

As interdisciplinary teams formed around these and other topics, all of them 
working with international partners, we realized the importance of sharing their 
work with practitioners, researchers, and students. As such, these teams, and their 
corresponding span of disciplines, are represented in this book—ranging from 
anthropology to biochemistry, dental medicine to history, management to urban 
planning, among many others. This collaborative approach was embedded in the 
guiding principles of the Community of Excellence in Global Health Equity: 
Principle 3, stakeholder responsiveness, and Principle 4, linking the health sciences 
with the social sciences, applied sciences, and the humanities.

During the founding of this collaborative center, we also developed a conceptual 
framework that would both recognize the complexity of and provide a phased 
approach to achieving health equity. We call this the “Spiral of Progress,” which 
spans from understanding barriers to equity to overcoming them, with seven pro-
gressive steps:

 1. characterizing the baseline/needs
 2. researching solutions
 3. piloting options
 4. translating prototypes to implementation
 5. assessing impacts
 6. adapting solutions for other cultural and geographic contexts
 7. evaluating residual barriers (and re-characterizing the baseline/needs) (Fig. 1)

Because there is an existing history of global health research, solution finding, 
and implementation of solutions, not all problems require beginning at step one. In 
many cases, the challenge resides not in finding solutions but in scaling them up, 
broadening their reach and impacts. This tool provided a way of analyzing problems 
and focusing the work of scholarly teams, who have a tendency to linger at step one 
rather than pushing forward to other phases of development and implementation.

Preface
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 Additional Context

Just as the Community of Excellence in Global Health Equity does not seek to rep-
licate the work of scholars at other institutions, this book is a companion, not com-
petitor, to the robust contributions of other compilations, including offerings by 
Paul Farmer, Richard Skolnik, and others. We do not deliver a history of global 
health or an overview of traditional global health concepts, as others have already 
done this (and done it well!). Our goal is to expand the representation of topics and 
disciplines, including such broad-reaching issues as climate change, disability 
rights, gender-based violence, and end-of-life care. Many topics, and the people 
they negatively affect, have literally been hidden from view, such as the under-
ground e-waste recycling system in several south Asian countries. Other issues, like 
pharmaceutical supply chains, have enormous impacts on health, but remain pro-
portionally underrepresented in global health texts due to the focus on the develop-
ment, rather than distribution, of medicines. Some of the topics covered, like 
breakthroughs in genetics, are new to global health, while others, like nutrition, 
have a long history in global health research and practice but not from the disciplin-
ary perspectives represented here [6].

This book is a call to college students across majors to think broadly and cre-
atively about how they might contribute to the drive toward global health equity.

Global health is not merely the domain of physicians, nurses, and public health 
workers (though they are, of course, essential), and health disparities are not only 
the concern of low-income nations. Ensuring health equity is critical for people liv-
ing in all settings, as localized outbreaks can become global pandemics, threatening 
health, security, welfare, and economies worldwide. Likewise, health disparities 
occur in nearly all high-income countries, like the urban poor of the United States, 
while equity is achieved in places, like Cuba, with far fewer resources. This is why 

Fig. 1 Spiral of progress. Source: Community for Global Health Equity, graphic design: Korydon 
Smith
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Goal 17 of the SDGs, strengthening global partnerships across sectors, was estab-
lished. However, it is among the most deceptively complex goals to achieve. 
Working across disciplines and across sectors is difficult.

 Many Challenges Ahead

The grand challenge of global health inequity “is one of the defining issues of the 
twenty-first century, attracting unprecedented levels of interest” from academics, 
practitioners, political and business leaders, and students alike. Twenty-five percent 
of the world lives in informal settlements (“slums”). Improving these people’s lives 
requires collaboration between experts in water and sanitation, public health, housing 
and neighborhood development, education, economics, political science, sociology, 
and so on. The same is true for the roughly 11 million children under the age of five 
who die each year, largely to preventable causes; and for the nearly 70 million refu-
gees currently displaced by violence; and for the one billion people with disabilities 
worldwide. Like the educational mission of the Community of Excellence in Global 
Health Equity, this book strives to “motivate and capacitate the next generation of 
problem solvers” [7].

At one time, infectious diseases, like malaria, were the leading causes of death 
worldwide. More recently, noncommunicable illnesses, like heart disease and 
stroke, have climbed to the top. And, in the near future, it is anticipated that a highly 
varied set of environmentally driven conditions—such as “super bugs,” air pollu-
tion, and natural- and human-caused disasters—will be the greatest threats to 
humans and other species. Intelligent, creative, collaborative, and, yes, audacious 
efforts must be pursued now. They must be pursued on behalf of the urban poor, 
children, refugees, and other vulnerable populations, as all of our futures grow more 
vulnerable unless we transform our collective efforts in global health.

Buffalo, NY, USA  Korydon H. Smith
Washington, DC, USA   Pavani Kalluri Ram
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Chapter 1
Governing to Deliver Safe and Affordable 
Water: Perspectives from Urban Planning 
and Public Policy

Emmanuel Frimpong Boamah

 Introduction

Throughout history, and especially over the past century, [water] has been ill-governed. [1]

Severe water stress is now a global crisis. The water crisis in Flint (Michigan), 
Toledo (Ohio), and Cape Town (South Africa) is a minutiae of the global water 
stress story: one in four of the world’s 500 largest cities is water stressed, including 
cities such as Jakarta (Indonesia), Bangalore (India), Mexico City (Mexico), Istanbul 
(Turkey), Cairo (Egypt), Miami (Florida), São Paulo (Brazil), Beijing (China), and 
Tokyo (Japan) [2]. By 2030, water stress will be the reality for almost half of the 
world’s population, which will force governments to spend around $200 billion 
annually to mitigate this stress [3]. Apart from its public health and economic impli-
cations, water stress presents untold geopolitical ramifications. Mark Twain rightly 
opined, “whisky is for drinking; water is for fighting over.” The United States (U.S.) 
had and continues to experience its fair share of geopolitical water wars, such as the 
disputes between Arizona and California over the Colorado River, dating as far back 
as 1931.1 Globally, water wars are expected to further complicate the existing ten-
sions in conflict regions in the Middle East and South Asia [4]. For instance, follow-
ing the September 2016 terrorist attack on an Indian army camp, India’s Prime 
Minister, Narendra Modi averred, “blood and water and cannot flow together,” a 
remark made to threaten the 1960s Indus Waters Treaty between India and Pakistan 

1 The U.S. Supreme Court decided on a number of water disputes between Arizona and California 
over the Colorado River from 1930 to 2000. These cases are together referred to as Arizona v. 
California: 283 U.S. 423 (1931); 292 U.S. 341 (1934); 298 U.S. 558 (1936); 373 U.S. 546 (1963); 
376 U.S. 340 (1964); 383 U.S. 268 (1966); 439 U.S. 419 (1979); 460 U.S. 605 (1983); 466 U.S. 
144 (1984); 531 U.S. 1 (2000).

E. Frimpong Boamah (*) 
University at Buffalo, State University of New York (SUNY), Buffalo, NY, USA
e-mail: efrimpon@buffalo.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32112-3_1&domain=pdf
mailto:efrimpon@buffalo.edu


2

[5]. Understanding the threats facing our common water future is an imperative now 
more than ever.

Water has shaped the rise and evolution of civilizations. To understand water is 
to understand life: the origin, well-being, and evolution of humans, society, and 
ecology. Throughout ancient and modern histories, how we have managed, engi-
neered, and thought about water has impacted the health, politics, and the socioeco-
nomic and architectural progress of societies. From agricultural development during 
the Neolithic Revolution to transportation, commerce, and the impressive water and 
sanitation infrastructures in medieval times (e.g., aqueducts and fountains), human 
interactions with water have created and shaped great cities and empires.

Along with water-related engineering and architectural infrastructure, other dis-
ciplines such as public health, political science, and economics have also shaped 
how we think and interact with water. For instance, in the first half of the nineteenth 
century, John Snow, considered the father of modern epidemiology, discovered that 
contaminated water supplies spread cholera. His germ theory of cholera was unpop-
ular among physicians at the time because it challenged the long-held scientific 
view that polluted air (miasmas theory), rather than polluted water, caused diseases 
like cholera. He proved what ancient Greek scholars like Hippocrates and Plato had 
long observed: water is a source of good or bad health outcomes depending on how 
well we manage our water resources.

Prominent thinkers have also used economic and political economy theories 
(e.g., bargaining theory, polis model, rational choice model) to illustrate the eco-
nomic and political consequences of our decisions about water [6–8]. To explain the 
paradox of value, economist Adam Smith compared water and diamonds to distin-
guish market price and economic value:

Nothing is more useful than water; but it will purchase scarce anything; scarce anything can 
be had in exchange for it. A diamond, on the contrary, has scarce any value in use; but a very 
great quantity of other goods may frequently be had in exchange for it. [9]

The idea of economic valuation (e.g., cost-benefit analysis), which was devel-
oped in the U.S. in the early twentieth century, popularized an economic approach 
to viewing the ways in which humans interact with water for drinking, irrigation, 
transportation, and other uses [10, 11].

The emerging consensus, especially after Garret Hardin’s 1968 seminal piece 
“Tragedy of the Commons,” suggested that how we manage and interact with water 
is rooted in complex governance questions. Wiel had already reminded us to appre-
ciate water for its physical dimension, as a resource used to improve people’s health 
and well-being, and for its governance dimension, given the self-evident truth that 
water is “publici juris,” a resource of the people that must be managed by the people 
and for the people [12]. Yet, past and recent water crises suggest that we have yet to 
fully appreciate water’s governance dimension, partly because this dimension is 
“wicked.” (see [13]) That is, a simple decision to provide clean water is not all that 
simple; depending on local contexts, this decision must also address issues related 
to gender, culture, poverty, sanitation, technology, and disability. How water deci-
sions relate to issues such as public health, engineering, economic development, 
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and climate change is complex. Recent water crises such as “Day Zero” in Cape 
Town, South Africa; lead-poisoned water in Flint, Michigan; and the slow but grad-
ual “death” of America’s second-longest river, the Rio Grande, exemplify this 
complexity.

This chapter sheds light on the meaning of water governance and its significance 
for students, professionals, and scholars in disciplines such as public health, public 
policy, geography, urban planning, and engineering. It first introduces the meaning 
of water governance and its wicked nature, showing that global health outcomes 
mirror water-governance outcomes; that is, these governance outcomes are the 
effects of water and non-water related decisions aggregated at the household, com-
munity, and global levels. These decisions and their outcomes transcend disciplin-
ary, professional, and geographic boundaries, showing that water governance is a 
trans-disciplinary global health subject. We next discuss different typologies of gov-
erning or delivering water. Whether they concern preventing communicable water 
diseases or engineering solutions for flood control, these typologies remind us that 
if appropriate water-governance arrangements are in place, how we as citizens and 
professionals interact with water could positively affect local and global water 
resources and human health outcomes.

 Governing the Water Commons: A Framework for Analysis

The Global Water Partnership defines water governance as “the range of political, 
social, economic and administrative systems that are in place to regulate develop-
ment and management of water resources and provisions of water services at differ-
ent levels of society.” [14] Some critics have found this definition, despite its wide 
acceptance, to be too narrow and lacking the analytical rigor necessary to capture 
the everyday “messiness” of water politics and outcomes (see [15, 16]). Therefore, 
this chapter defines water governance by drawing from Castrol and Lasswell:

Water governance is an evolving process of shaping and sustaining authority and power 
arrangements within which decisions are made regarding (1) what should be the ends and 
values of water policy and essential water services, (2) who decides on and benefits or suf-
fers from these ends and values, and (3) how will these be achieved. (see [17, 18])

This definition, from the broader environmental governance literature, includes 
the processes that establish, legitimize, and change institutions (formal and informal 
rules in use) to guide the behavior of actors in the use of environmental resources 
[19]. Figure 1.1 provides a framework useful for understanding this definition of 
water governance and its complexity. This framework communicates three key mes-
sages: water decisions are made at multiple scales, or levels, of society (from the 
household to the global scale)2; each level’s decisions often involve questions 

2 The term scale is used loosely here. See rigorous analytical discussions on scale in works such as 
[20, 21].
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 concerning what, who, and how; and there are inherent conflicts in framing and 
answering these questions (see [20, 21]).

First, water issues transcend scale and sectors of societal organization. Decisions 
made at the family level can have consequences at the neighborhood, city, and 
global levels. Similarly, decisions made at the global level can have consequences 
for multiple nations, neighborhoods, and even one or a few families. Moreover, 
water decisions at one level could have non-water consequences at another level, 
and vice versa. Familial and organizational acts related to water have had multina-
tional ramifications. For example, the Mediterranean Action Plan (Med Plan), 

Fig. 1.1 Multi-scale decision-making framework in water governance. (Source: concept: 
Emmanuel Frimpong Boamah; graphic design: Nicole C. Little)
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involving 21 countries bordering the Mediterranean Sea and from the European 
community, was enacted to protect marine and coastal communities. It was devel-
oped in response to observations of pollution in the Mediterranean Sea and other 
river basins flowing into it, which had formed an aggregation of pollutants sourced 
from and interacting at multiple scales.3 These included unregulated pollutants from 
industries, direct municipal sewage, runoff from farmlands, and waste from more 
than 200 million summertime tourists [22]. Another example is the Great Lakes-St. 
Lawrence River Basin Water Resources Compact, which is a legally binding com-
pact among eight states in the U.S., with inputs from two Canadian provinces. The 
compact recognizes how water decisions by different jurisdictions (from the city to 
the state levels) within the Great Lakes basin affect everyone. Hence, it regulates the 
use and protection of the water in the basin, which comprises about 20% of the 
earth’s fresh surface water [23, 24]. How individuals, households, industries, neigh-
borhoods, cities, and countries decide to use water or dispose of their waste has 
aggregate effects on our water resources; a trickle of bad water decisions creates a 
mighty river of water problems. Resulting from poor water and water-related deci-
sions at the individual, household, city, national, and global scales, water crisis is a 
governance crisis.

Second, water governance is about decisions made; who makes, benefits, and 
suffers from these decisions; and how the decisions are implemented. We can think 
about decisions concerning water and water-related issues from the family to the 
global scales. At the family level, for instance, we make decisions to use water for 
activities such as cooking and bathing, and we should also make conscious deci-
sions about how much water we should use for these activities. At the city, regional, 
or national levels, authorities make decisions on issues such as water allocation and 
pricing, and they should also consider the equity dimensions of these decisions: 
should water allocation and/or pricing be different for households based on need, 
income, disability, and so forth?

Often, decisions about or affecting water are not equitable because of who makes 
the decisions. Who decides how much water should be used for cooking, washing, 
and so forth at the family level? Who decides how much water in cities and regions 
should be used for farming and drinking? These questions seem to have obvious 
answers: parents decide at the family level, and city, regional, and national authori-
ties decide at the city, regional, and national levels, respectively. In reality, these 
questions are very difficult to address because of issues such as information and 
power asymmetries as well as gender and disability biases in decision-making. 
Ostrom et al. discussed the question of who decides when they noted that usually, 
those affected by decisions are not the ones who make the decisions [25]. This is 
known as a scale-mismatch problem and is common in water governance.4 The 
challenge is to figure out how to effectively gather inputs from everyone in the 

3 In 1995, the Med Plan was replaced with the Action Plan for the Protection of the Marine 
Environment and the Sustainable Development of the Coastal Areas of the Mediterranean (MAP 
Phase II).
4 See detailed discussion on scale mismatch and fit in works such as [26, 27].
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 making of water decisions in a community or among multiple communities sharing 
a common water resource (see [26, 27]). Again, since water affects and is also 
affected by other decisions about things like sanitation and land use, other voices 
must also be present at the decision-making table, not only those directly affected 
by and/or benefiting from water decisions. In most developing countries in Latin 
America and Africa, the voices of women and other minority groups, such as the 
disabled, are often not represented in water decisions because most of these groups 
are not empowered (e.g., trained in decision-making process, resourced) to fully 
participate in decision-making about water and other issues (see [28–30]).

The challenges of leaving out voices in water decisions become apparent in the 
processes of how to implement or achieve the decisions. During implementation, 
non-inclusive decisions reflect what Imbroscio calls technical and political infeasi-
bility: failing to consider voices of technical expertise, including sound economic 
and other technical analyses (technically feasible), and voices of residents and other 
stakeholders (politically feasible) [31]. Implementation is challenging when deci-
sions are technically feasible but politically infeasible, and vice versa, or when they 
are technically and politically infeasible.

The Flint water crisis, involving lead poisoning and Legionnaires’ disease, shows 
how a series of water decisions failed to include other voices. It started when the 
Flint City Council in 2013, with approval from the city’s emergency manager, 
decided to switch the city’s water source from Lake Huron and the Detroit River to 
the Flint River, without duly considering technical and residents’ voices and those 
affected by the decision. The implementation of this decision did not go well 
because the council soon had to deal with residents’ protests and complaints of 
health issues caused by the new water source, including residents bringing bottles 
of discolored tap water to meetings. This poor initial decision-making led to other 
poor decisions, including the city’s emergency manager, Jerry Ambrose, deciding to 
overrule the city authority’s vote to reconnect the water source to the Detroit River. 
Similarly, protests about South Africa’s “water apartheid” problem are one of the 
many actions happening all over the world in response to water decisions that are 
not inclusive, open, equitable, and responsive to the needs of a community’s many 
voices [32]. In contrast, the implementation of bulk water pricing in the Paraíba do 
Sul River Basin, Brazil, was successful partly because it included and was open to 
different voices (e.g., users, businesses, civic organizations, and government agency 
representatives) whose actions affect and are affected by water [33].

Case Study 1: The Paradox of Water Abundance and Scarcity in Accra, 
Ghana
Urban Accra, Ghana illustrates how the abundance of water can become as 
much a problem as its scarcity when poor water and non-water decisions 
occur at multiple scales. The city experiences extensive flooding each year 
with devastating consequences, including the loss of lives and property [34]. 
For instance, during the city’s June 2015 flood, a fuel station exploded, 

E. Frimpong Boamah
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 Conflicts in Water Decisions

The discussion on protests leads to the third and final point about the framework 
shown in Fig. 1.1: inherent conflicts in framing and answering questions concerning 
what, who, and how in water governance. Different conflicts can emerge when deci-
sions do not align well with who makes, benefits, or suffers from the decisions and 
how such decisions will be achieved. Figure  1.2 below illustrates three possible 
conflicts (but there could be more). The first conflict is the decision-consequences 
conflict: the misalignment between what decisions are made and who makes, ben-
efits, or suffers from them. Water decisions have different impacts on different pop-
ulations based on their gender, income, disability, and so forth. For instance, to avert 
Cape Town’s Day Zero crisis, city authorities imposed limits on water consumption: 
87 l per person per day, which later was reduced to 50 l per person per day. However, 
this one-size-fits-all decision failed to account for the water needs, especially for 
sanitation purposes, for groups such as girls and women, including pregnant and 
lactating mothers. Ostrom long ago warned of the dangers of panacea solutions 
because they exclude other voices, resulting from privileging the voices of a few 
powerful actors who often have limited information but can determine the fate of 
everyone else [36]. Protests are symptomatic of a decision-consequences conflict. 
They represent attempts to remedy the asymmetry between decisions made and who 
makes, benefits, or suffers from the decisions.

reportedly killing over 250 people, many of whom were taking shelter at the 
station from the flooding and heavy rain. Outbreaks of diseases such as chol-
era are also especially common during these floods. The irony is that even 
though water runs through the city “abundantly” as floods, several communi-
ties experience water scarcity. In fact, most communities are served by water 
tankers, which are private water retailers who fetch water in tanks to sell to 
households [35]. Accra’s flooding has resulted from multiple water and non-
water decisions at multiple scales, for example, by households not properly 
disposing of waste, building in flood-prone areas, and dumping in water 
resources such as the Odaw River; and by city authorities not enforcing zon-
ing laws. Accra’s water-scarcity challenge is inextricably linked to its flood-
ing and sanitation problems. Dealing with the city’s perennial flood problem 
requires developing measures to harvest rainwater for drinking and farming. 
It also implies developing sanitation facilities and programs to deal with 
waste. These seem like common-sense solutions that should have been imple-
mented long ago. Interviews with urban planning practitioners and other 
stakeholders reveal that the city and national governments, through numerous 
studies and planning documents, already know what to do, but there is mini-
mum political will to implement the studies’ recommendations. The Accra 
case demonstrates how water governance becomes increasingly wicked due 
to the gap between knowing what decisions to make (from the household to 
the national levels) and having the will to implement these decisions.

1 Governing to Deliver Safe and Affordable Water: Perspectives from Urban Planning…
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The decision-resource and feasibility conflicts are interrelated and often rep-
resent the gap between decisions and whether they can be implemented. 
Resources needed to implement decisions become a challenge when there is 
misalignment between the scope of the decision and the approach or strategies 
outlined to implement it. Similarly, and as discussed above, technical and politi-
cal feasibility becomes a challenge when implementation approaches do not 
consider those benefiting or suffering from the decision. The implementation of 
the Korle Lagoon Ecological Restoration Project (KLERP) in Accra, Ghana, 
embodies all three forms of conflict. The restoration of the coastal wetland 
Korle Lagoon began in the early 1990s, when the Government of Ghana (GoG) 
secured $73 million and $48 million for the first and second phases of the proj-
ect, respectively (see [37, 38]). As of 2017, Ghana’s Environmental Pollution 
Agency had declared the lagoon dead due to its volume of pollutants, despite 
efforts and resources invested in its restoration. These three conflicts all played 
a role in the failure to restore this water resource. The decision to restore the 
lagoon involved evicting nearby residents in two communities: Old Fadama (an 
informal settlement) and Agbogbloshie. The decision-consequences conflict 
emerged because the voices of these residents were not duly considered, which 
resulted in protests and legal suits by citizens with the help of international 
groups such as the Shack/Slum Dwellers International. These protests and law-
suits called into question the political feasibility of the restoration project, but 
they also affected the financial resources budgeted for the project. The project 

Fig. 1.2 Conflicts in the decisions (what, who, and how) made in water governance. (Source: 
concept: Emmanuel Frimpong Boamah; graphic design: Nicole C. Little)
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stalled because of delays in evicting residents, which added interest to the loans 
secured for the project [37].

 Governance Arrangements/Typologies

Addressing these decisions and their conflicts at each scale requires appropriate 
governance arrangements. The literature discusses many arrangements, but we will 
focus on four typologies mentioned by Huitema et al.: polycentric governance, pub-
lic participation (the focus of this section), experimentation, and a bioregional 
approach [39].

Scholars address public participation from many disciplinary perspectives. 
Huitema et al. noted that the word “public” can mean different things (e.g., citizens, 
water users), and their “participation” in decisions can also mean different things, 
such as simply showing up at a meeting or providing feedback (see [40]). In urban 
planning, public participation is discussed as a “ladder” or a “wheel” and focuses on 
the degree to which citizens have power in decisions (see [41–43]). In social psy-
chology, public participation considers the extent to which both the engagement 
process and final decisions match the expectations and behavioral patterns of stake-
holders involved [44]. In the context of water governance, public participation 
should ensure that (1) participatory processes and mechanisms are fair and transpar-
ent in involving the stakeholders (beneficiaries and victims) of decisions and that (2) 
final decisions reflect the views of these stakeholders. Some case studies show that 
public participation supports better decisions in water governance, such as in a case 
of water reuse projects in Georgia, Texas, and California [45]. However, public 
participation is not a panacea for the challenges of water governance. For instance, 
Jacobs et al., in their study of the Yaqui Valley in Mexico; the Upper San Pedro 
Basin in Arizona; Ceará, Brazil; and the Upper Ping River in Thailand, demonstrate 
that stakeholders’ engagement works well in short-term, low-stakes decisions, such 
as water allocation, but does not work well in longer-term high-stakes decisions, 
such as those about water infrastructure [46]. The transaction cost of engaging 
stakeholders over the long term can be prohibitive. Newig and Fritsch also analyze 
several water- and non-water-related case studies to highlight the conditions in 
which public participation is beneficial in environmental-resource governance [47].

Experimentation is either a water-management strategy or a research method 
[48]. As a research strategy, experimentation helps stakeholders evaluate whether 
predetermined goals were achieved through decisions implemented [49]. As a 
water-management strategy, experimentation allows stakeholders to consider the 
incomplete and uncertain nature of information; hence, decisions are made and 
adjusted continuously or incrementally as information changes. This strategy traces 
back to Lindblom’s argument that decision makers “muddle through” or rely on 
incremental information to analyze and compare decisions (see [50, 51]). This cri-
tique of rational comprehensive planning posits that decisions should be scientifi-
cally made by considering all possible alternative decisions and their causes and 
effects [52]. As Simon argues, human beings are not rational because they do not 

1 Governing to Deliver Safe and Affordable Water: Perspectives from Urban Planning…
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maximize utility by considering all information; they are satisficers, or boundedly 
rational, because they make incremental decisions based on their cognitive capa-
bility and available information [53]. Experimentation is fundamentally grounded 
in the understanding that decisions and the processes used to make them must allow 
for “trial and error learning” to meet the changing conditions of reality (see [54, 
55]). We see this idea at work not only in water governance but also in water engi-
neering cases. For example, the mosaic of water infrastructure (i.e., dams, pumping 
stations, canals, ditches) in the Netherlands is engineered as a control panel, which 
allows the adjustment of water resources, such as the Rhine and Meuse, based on 
changing information about climate, flooding, drought, and community water 
needs [56]. Kirby et al. used their integrated hydrology-economics model to dem-
onstrate how experimentation (i.e., using simulation models) can support trial and 
error, water engineering, and governance decisions in the Murray Darling Basin in 
Australia [57].

The bioregional or river-basin approach addresses the question of the appropriate 
scale needed to make cross-boundary water decisions [39]. Above, we discussed 
how water decisions are made at multiple scales (see Fig. 1.1). For instance, when a 
river crosses two or more communities, this suggests that decisions about the river 
(i.e., allocation decisions, pollution, etc.) are appropriately made at the watershed or 
river-basin level. This would ensure that all decisions incorporate the views of both 
communities. According to Schlager and Blomquist, this type of decision making 
can be achieved through two means: (1) the two communities can collaborate in 
their decisions (i.e., a weak arrangement) or (2) a unitary river-basin authority could 
be established (a strong arrangement) [58].5 The Soil and Water Conservation 
Districts in the U.S. is an example of a strong river-basin arrangement for water 
decisions [59]. Huitema et al. note that there is the need for more empirical evidence 
to understand and support the effectiveness of this approach [39]. In their analysis 
of ten cases on river-basin management in Europe, Mostert et  al. found that the 
river-basin approach is not an “unrealistic ideal,” especially in cases where there is 
social learning, such as experimentation, and stakeholder involvement, such as pub-
lic participation) [60]. This finding shows that the typologies discussed above are 
not mutually exclusive. The next section, on the polycentric typology, describes 
how they function together.

 Polycentric Governance in Water Delivery

The meaning of polycentricity varies by discipline. In urban or spatial planning, for 
instance, polycentricity means the functional connections (e.g., commuting pat-
terns) among multiple city centers in a given region, which are sometimes called 

5 Two arrangements, Type I arrangement (hierarchically ordered multi-purpose organizations with 
no overlapping jurisdictional functions and/or powers) and Type II arrangement (special purpose 
organizations with cross-jurisdictional functions and/or powers), are presented by [59].
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polycentric urban regions (see [61, 62]). In governance terms, polycentricity refers 
to multiple decision-making centers that are formally autonomous and operate under 
certain sets of rules [25, 63]. Many scholarly studies on polycentric governance 
exist, especially in environmental governance. Rather than repeating findings from 
the literature, this section will introduce a framework to simplify the meaning of 
polycentric governance. A case study will then offer empirical evidence showing 
how polycentric governance works in water delivery.

Two interrelated governance debates began in the late 1950s. The first was about 
Hardin’s seminal piece “Tragedy of the Commons,” which asserted that humans are 
“trapped” because, as rational beings, we keep exploiting and destroying the envi-
ronment (i.e., the commons) to maximize our individual gains without thinking 
about our collective or societal gains [64]. To address this tragedy, scholars debated 
whether state (public) or market (private) arrangements are the appropriate gover-
nance mechanism to protect us from destroying the commons (See arguments for 
state or market [65, 66]). The second debate was primarily about the choice between 
small governments (decentralization) and large government (centralization). In the 
U.S., some reformers argued that having several municipal governments and 
special- purpose jurisdictions (e.g., school districts) leads to inefficiencies because 
functions overlap and are duplicated. In fact, Lind referred to this as a “horde of 
Lilliputian governments,” portraying metropolitan governance as an “organized 
chaos” or a “crazy-quilt pattern.” [67]

These two debates can be summarized as two questions. The first debate asks, is 
the state or market the appropriate governance mechanism? The second asks, what 
should the scale of governance be (multiple local, decentralized governments versus 
one large centralized government, at the regional, national, and global scales)? 
Drawing on the work of Pahl-Wostl and Knieper, we can use Fig. 1.3 to illustrate the 
two debates [68]. On one hand, we must decide whether government or market enti-
ties should make decisions, on water for instance. On the other hand, we also must 
decide whether decisions should be made by private or public entities and local or 
non-local entities.

Polycentric governance, however, helps us understand that the two debates force us 
into a false dilemma. That is, we must falsely choose between (1) either state or mar-
ket and (2) either centralized or decentralized institutional arrangements. Two expla-
nations help us to resist this false dilemma as we think through water governance. 
First, in both abstract and empirical terms, this false dilemma does not adequately 
capture how society is organized. From an abstract standpoint, Fig. 1.4 uses combina-
tion and probability principles to demonstrate a four-by-four symmetrical matrix 
showing public (local and non-local) and private (local and non-local) institutional 
arrangements. As the matrix shows, the likelihood of observing cases (e.g., societies) 
with purely centralized and decentralized markets or governments (shown as green) is 
lower (4 out of 16, or 25%) than the likelihood of observing societies with mixed 
(polycentric) centralized-decentralized, state-market arrangements (75%). In other 
words, even in federal societies like the U.S., there are instances of monopolistic mar-
kets (e.g., telecommunication giants like T-Mobile, Verizon), local markets (e.g., car 
dealerships), centralized government functions (e.g., federal regulations such as the 
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12

Clean Water Act), and decentralized government functions (e.g., city zoning ordi-
nances). Such polycentric societies reflect public participation (zoning decisions 
require public input), experimentation (regulations evolve to meet changing condi-
tions), and bioregional approaches (there are formal organizations to manage trans-
boundary water resources such as the Great Lakes-St. Lawrence River Basin Water 
Resources Council).

Finally, this false dilemma often frames policy arguments about water privatiza-
tion. Privatizing water, which seems to support efficiency, often implies the use of 
market principles, such as pricing, to determine who is included and excluded in water 
delivery. Making water public, which seems to support equality (water as a human 
right), often implies that everyone benefits (no one can be excluded) from water. 
Furthermore, we must decide whether to centralize or decentralize water decisions. In 
these ways, the false dilemma forces us to decide between water  efficiency (market-
led water governance) and water equality (state-led water governance) organized 
through either centralized or decentralized systems. Polycentric governance teaches 
us that water equity, in which everyone benefits according to their need and pays 
according to their ability, is a middle way that can be organized through both (not 
either or) centralized and decentralized systems. Scholars have conducted several case 
studies on polycentric police services and river-basin governance, to demonstrate the 

Fig. 1.3 Centralized-decentralized, state-market governance arrangements. (Source: concept: 
Emmanuel Frimpong Boamah; graphic design: Nicole C. Little)
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Fig. 1.4 Thinking through polycentric governance by recognizing how governance involves dif-
ferent actors who operate at multiple scales (local and non-local) and within public and private 
institutional arrangements. (Source: concept: Emmanuel Frimpong Boamah; graphic design: 
Nicole C. Little)
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Case Study 2: Polycentric Water Delivery System in Kenya
Kenya’s water-governance reforms since 2002 illustrate polycentric gover-
nance in water delivery. The Kenyan Government enacted the Water Act of 
2012, which was later replaced by the Water Act of 2002, to end decades-long 
centralized arrangement of water resources by the state-owned National Water 
Conservation and Pipeline Corporation. In these reforms, we observe a poly-
centric governance arrangement in water delivery, which involves state and 
market organizations at both the local and national levels operating according 
to multiple rules [72, 73]. This system also involves public participation, 
experimentation, and bioregional approaches to water governance. There are 
three main state-owned centralized organizations: the Ministry of Water and 
Irrigation (MWI), the Water Resource Management Authority (WRMA), and 
the Water Services Regulatory Board (WASREB). The MWI is in charge of 
the overall national water policy; the WRMA manages water, including issu-
ing water permits to water service providers (WSPs); and the WSRB selects 
and regulates these WSPs, including setting and monitoring equitable water 
tariffs and quality performance standards among the WSPs [74]. These WSPs 
include a mix of local government-owned water supply companies and 
private- sector-led water supply companies (e.g., community water projects, 
water bottling companies), all operating at the local, regional, and national 
levels. In particular, the community water projects (CWPs) are member-based 
irrigation projects within different water basins and comprise individual 
riparian- right owners, farmers, and others [72]. The activities of CWPs within 
each basin are managed by a basin-level organization, Water Resource Users 
Associations (WRUAs), comprising representatives from the CWPs. The 
WRUAs, in consultation with the WRMA, issue collective water-use permits 
to members of each of the CWPs.

Kenya’s water reforms reflect a polycentric system in several respects. 
First, we observe a mix of public (government) and private (market) organiza-
tions operating at the national, regional, and local levels to deliver water to 
households and non-households (e.g., farmers). Second, this mixture of orga-
nizations operates within multiple rules. For instance, while local organiza-
tions can make their internal rules (e.g., CWPs can make their own 
decentralized rules on water use), they must also work with the centralized 
rules from the WRMA [74]. These rules change as new conditions emerge, 
which reflects the experimental nature of Kenya’s water-governance arrange-
ment. In fact, national reforms in water legislation and organization are exam-
ples of experimentation. Finally, the WRUAs exemplify the bioregional 
approach to water governance, undergirded by an appreciation for the need to 
involve members of CWPs in basin-level decisions.
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effectiveness and benefits of polycentric governance  systems [69–71]. A case study on 
water delivery in Kenya demonstrates the potential of a polycentric governance sys-
tem to ensure equity in water-delivery decisions, especially in low socioeconomic 
communities.

 Conclusion

Global and local water crises are governance crises. This chapter discussed the 
wicked nature of the governance crises, which involves making water and non- 
water- related decisions (regarding what, who, and how) at multiple scales. These 
decisions are conflict-laden, involving decision-consequences conflicts, decision- 
resource conflicts, and technical and political feasibility conflicts. Whether at the 
household or global level, decision makers should be aware of and address these 
conflicts in their water decisions. Water decisions do not occur in a vacuum; they 
exist within different governance forms or typologies, discussed in this chapter as 
public participation, experimentation, the bioregional approach, and polycentric 
governance. Polycentric governance embodies all these typologies by capturing the 
mix of centralized and decentralized as well as public and private organizations that 
work to ensure the delivery of services such as water. This polycentricity manifests 
prominently in Kenya’s reformed water governance, which, according to some stud-
ies has achieved benefits such as better coordination in water-use activities, espe-
cially during the dry season, alleviation of water disparities among upstream and 
downstream users, and awareness of how water and non-water decisions affect 
water and non-water activities [72, 74].
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Chapter 2
Measuring the Lifetime Environment 
in LMICs: Perspectives 
from Epidemiology, Environmental Health, 
and Anthropology

Katarzyna Kordas, Sera L. Young, and Jean Golding

 So Many Exposures!

Imagine the life of a woman who fled her conflict-ravaged home in Burma, spent 
time in a refugee camp, and finally settled in the United States or of a young mal-
nourished child in Kenya who has frequent infections. Imagine everything their 
bodies and minds experience in just 1  day. What about other days? How about 
reaching all the way back to the day they were born? Or even to when they were 
conceived? How much do their behaviors, experiences, and exposures matter to 
their development, or their physical or mental health? Is one type of exposure 
enough to “tip the scales” or is it the average or the totality of experiences that 
counts? Don’t you wish you could measure or record all those exposures and 
understand their consequences, and eventually, figure out ways to tackle that 
complex stew?

Across the lifetime, each person will experience and accumulate countless expo-
sures to the natural, built, social, and chemical components of the environment. 
These exposures occur in many ways, through people’s behaviors and lifestyle 
choices (for example, smoking, diet, or level of activity), physical contact (inten-
tional or not) with chemicals, structures, or physical forces (for example, heat waves 
or hurricanes), or interactions with people, institutions, policies/laws, and geopoliti-
cal forces (for example, war). Whatever a person’s lifetime exposures may be, 
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 scientists believe that they affect human health in important ways, contributing 
either to the development of disease or to maintenance of good health. In the field 
of public health, the exposure are called “risk factors” if they contribute to disease 
and “protective factors” if they contribute to health.

Although scientists recognize the importance of the environment to human 
health—70–90% of disease risk is thought to be due to differences in environ-
mental factors—they also recognize the difficulty in studying the totality of fac-
tors due to their sheer number [1]. To complicate matters, people’s exposures 
produce physiologic responses (for example, increased stress response to unex-
pected events), which themselves may be risk factors for disease. Many types of 
environmental factors may also potentiate or antagonize one another, increasing 
risk of disease when multiple risk factors are present or reducing risk when 
protective factors are present. Similarly, environmental factors might interact 
with our innate susceptibility to disease produced by our genes. Inside the 
human body, metabolic pathways and feedback loops interact with both gene 
expression and one another, further increasing the complexity of teasing out 
what causes disease and what is the product of the disease process [2]. Finally, 
during a person’s life, some periods of development are more critical for the 
initiation of long-term disease processes. Exposures during those critical win-
dows may more powerfully shape later health than exposure during times that 
are less sensitive or susceptible, like old age [3]. For example, research in the 
field of developmental origins of health and disease has provided convincing 
evidence that in utero exposures to malnutrition, stress, and other environmental 
factors are capable of developmental programming of later disease [4]. Because 
of our knowledge of critical windows, the first 1000 days of life (from concep-
tion to about 2 years) are the focus of many interventions, particularly in low- 
and middle-income countries (LMICs) [5]. For the same reason, children under 
5 years of age, like Maria from Kenya are considered a vulnerable group and 
may receive targeted interventions in LMICs or high-income countries (for 
example, the Head Start Program in the U.S.).

When we recognize that environmental factors and experiences shape human 
health, it is not surprising that many disciplines have put considerable effort into 
drawing conceptual frameworks to help them understand the totality of factors, 
to guide research and interventions. The social determinants of health (inequali-
ties) framework, originating in the field of public health recognizes the impor-
tance of such factors as gender, income and social status, education, physical 
environment (transport, housing, waste, energy, industry, water, etc.), social sup-
port networks, among others [6]. The total environment framework partitions out 
the various environments, from chemical to natural, to understand how they 
affect human development [7]. Taking a related perspective, the socio-ecological 
framework discusses the multiple levels of influence—intrapersonal, interper-
sonal, organizational, community, and public policy—that act to promote health 
[8]. The concept of the exposome accounts for all micro and macro environments 
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and puts them in the context of a time-frame, the entire lifetime [9]. This chapter 
introduces the concept of the exposome as a framework for measuring environ-
mental factors and studying how they affect human health. The chapter explores 
some of the debates taking place in this area of science with respect to measure-
ment and conceptualization of the exposome, the challenges of conducting expo-
some research in LMICs, and the challenge of translating research into effective 
solutions.

 The Exposome Explained

Many branches of science measure human behaviors, experiences, and exposures, 
from social psychology to toxicology, but they seldom cross disciplinary boundar-
ies. In environmental health, for example, the branch of exposure science is dedi-
cated to measuring human exposure to the physical, chemical, or biological 
environment [10]. This branch of science does not typically measure the social envi-
ronment or psychosocial stressors. Until recently, exposure scientists focused on 
isolated points during a person’s lifetime and considered each environmental factor 
separately. For example, scientists studied exposure to single metals or perhaps 
groups of metals, but this was not combined with other classes of chemicals, like 
pesticides. Exposure science has been criticized for lacking the tools to characterize 
human exposures accurately and precisely [9].

The term exposome caught the attention of the scientific community around the 
year 2005, when researchers began to express their frustration with the fact that they 
knew very little about all the things people are exposed to [9]. The definition of the 
exposome is “the totality of environmental exposures over a person’s lifetime” [11]. 
A decade after the term was first introduced, it is a growing branch of science and is 
surrounded by a great deal of excitement [12]. It is also praised for its agnostic 
nature in the search for connections between exposures to environmental factors 
and diseases, as opposed to the traditional hypothesis-driven approaches, which can 
only test the effects of those factors scientists know about or are interested in [12].

Three levels of environmental factors are encompassed by the exposome concept 
(Fig.  2.1): general external (social capital, education, psychological and mental 
stress, climate, etc.), specific external (radiation, infectious agents, chemical con-
taminants and environmental pollutants, diet, lifestyle factors, medical interven-
tions, etc.), and internal (metabolism, endogenous hormones, gut microflora, 
oxidative stress, inflammation, etc.) [9]. All or any of these factors may interact 
across a person’s lifetime to contribute to health or disease. Scientists continue to 
refine the concept of the exposome, particularly as they face practical challenges of 
studying it. The simple definition of the exposome disguises real complexity. Some 
of the big questions that scientists are grappling with include: how to measure expo-
sures and when, is it necessary to measure every exposure, and how to deal with all 
the information that is generated?
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 Measuring the Exposome

There are two main approaches to measuring the exposome [13]. The top-down 
approach follows the recognition that environmental factors (diets, vitamins, drugs, 
pathogens, pollution, lifestyle factors, etc.) produce their effects by altering metabo-
lite levels or physiological processes in the body [1]. It involves the measurement of 
chemicals (biomarkers1 of exposure, susceptibility, or effect) in biological tissues, 
preferably blood. Exposome science has thus far focused on measuring this internal 
environment. The other approach is bottom-up—measuring people’s behaviors, 
contact, or interaction with the external environment. For example, this may mean 
measuring individual chemicals in water, air, and diet—the sources of people’s 
environmental exposures [13]. Wearable sensor technologies and apps are becom-
ing increasingly available to measure an individual’s external environment.

In the top-down approach, the measurement of biomarkers of exposure to known 
chemicals such as metals, pesticides, flame retardants in urine, blood, etc., continue 
to be important. But, the development of new technologies and refinement of labo-
ratory techniques are driving scientific advances [1]. A notable example is the use 
of high throughput omics2 technologies, such as metabolomics (to measure the 
molecules that are intermediates or products of the body’s metabolic pathways), 
proteomics (protein), and others. Omics biomarkers often do not reflect exposure to 

Fig. 2.1 Illustrating the concept of the exposome for the LMIC context (Source: concept: Katarzyna 
Kordas; graphic design: Nicole C. Little). Adapted with permission from Vrijheid M. The exposome: 
a new paradigm to study the impact of environment on health. Thorax. 2014;69:876–8

1 A biomarker is a substance that can be measured in the body, most often in blood, serum, or urine, 
but also in hair, feces, or even nails, that indicates the presence of an exposure or disease, or the 
body’s physiological state/status.
2 Omics is a term that refers to the characterization and quantification of biological molecules that 
are thought to represent the structure, function and dynamics of an organism.
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environmental pollutants directly, but rather, the effect of the pollutants on some 
metabolic pathway or the harm that was done to the body upon exposure. The point 
of studying omics biomarkers is that they may be more precisely measured than 
external environmental factors and they include untargeted chemicals—things that 
scientists are not aware of or not hypothesizing as important, and therefore, not 
targeting specifically. Such untargeted analytics may lead to discoveries of expo-
sure factors or metabolic pathways that play an important, but to-date unknown, 
role in the disease process. It is important to point out that the proponents of the 
biomarker approach do not view it antithetical to the bottom-up approach. Both 
have value—the latter for formulating prevention or intervention strategies, the for-
mer for elucidating causes or mechanisms of disease [14].

It is striking that both top-down and bottom-up approaches are influenced by the 
exposure science tradition, considering chemical exposures or the body’s metabolic 
reaction to the environment. Yet, scientists are encouraged to “embrace the com-
plexity” of environmental exposures and to resist limiting themselves to chemicals 
[12]. Some commentators point to the importance of directly assessing the external 
environment, such as air pollution, noise, etc., arguing that some environmental 
exposures do not leave a measurable trace (biomarker) in the body (for example, 
heat), whereas some internal biomarkers are not specific to a single exposure (for 
example, inflammation could be produced by infections as well as obesity) [15]. 
Wearable physical activity sensors and the use of mobile devices to collect data with 
apps (for example, on diet, risky behaviors, or mental health) or to track people’s 
movements have also received a great deal of attention, but there is a need to address 
issues of privacy and to integrate multiple sensors into smaller “packages” to reduce 
burden on the people who wear them. There are also concerns that the measurement 
of the social environment is not keeping pace with biomarker discovery. Ultimately, 
this may shape how the exposome is conceptualized and which disciplines will 
drive the scientific advances.

 Do We Need Exposome Science in LMICs?

The exposome is an exciting area of science, particularly for those wishing to delve 
into the biological relationships between environmental factors and the health- 
disease continuum. We may not need exposome science to do meaningful research 
on environmental determinants of health or develop useful interventions to address 
the most pressing problems in global health. But the exposome concept suggests 
important lessons: (1) environment is critical to health, (2) there are usually multiple 
factors (including social determinants) that contribute to disease, which is why sim-
plistic interventions rarely address the totality of the problem, (3) it is important to 
take a long view of health, as diseases develop over time, (4) researchers and prac-
titioners wishing to understand and solve global health problems need to consider 
multiple perspectives, and (5) complex problems require interdisciplinary thinking. 
It is becoming common for teams representing different areas of expertise (from 
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anthropology to public health to planning to engineering) to tackle problems 
together. With each discipline contributing its knowledge and perspective, the solu-
tions are more likely to fit the problem and be sustainable.

We also need to recognize the unique challenges related to exposome science in 
LMICs—in terms of defining environments, conducting exposome-related research, 
and translating findings into action. These challenges are highlighted below.

 The Challenge of Putting It All Together

It is likely that as a concept, the exposome will be increasingly applied to health 
problems facing populations from LMICs. But collecting and integrating a compre-
hensive set of risk and protective factors to represent the totality of exposures across 
the human lifetime is complex. Take for example, the first 1000 days of life, a brief 
yet very important period. We know that nutrient deficiencies and malnutrition in 
utero and for the first few years of children’s lives affect physical growth and neu-
robehavioral development [16–18]. We know that access to clean water and hygiene 
are equally important because they safeguard young bodies from recurring infec-
tions and death, and promote better development and growth [19–21]. We also know 
that exposure to chemicals, like aflatoxin produced by fungi that attack maize or 
peanuts, metals, such as lead, pesticides, indoor and outdoor air pollution, and many 
others affects child growth and development during the fetal and early postnatal 
period and into later childhood [22–32]. There is evidence that ancestral exposures 
such as famine or smoking may impact the health of later generations [33]. Children 
in LMICs are very frequently exposed to more than one of these risk factors at a time.

There has yet to be a study that combines all the exposures mentioned above, 
particularly in LMICs. While we understand that the social environment (interac-
tions that occur in the neighborhood, daycare, school, and the larger community) 
affect child growth, health, and development, as does the built environment (physi-
cal characteristics of homes and communities), few studies have comprehensively 
measured these aspects of the environment in LMICs or their effects on health 
[34–51]. Very few studies have combined chemical exposures with social determi-
nants of health. We know that, just like in high-income countries, the social, built 
and natural environment to which people are exposed will be underpinned by their 
socioeconomic status (SES), yet we still struggle to define which aspects of SES are 
most critical to ensuring optimal health outcomes—assets, employment, income, 
etc. We also need to recognize that individual experiences occur in the context of 
geopolitical forces that shape the market, labor, political environments in which 
people live. It is very challenging to measure and quantify policies or political 
structures, which occur at regional or country-level and put them together with 
individual- level exposures, particularly biomarkers representing the internal envi-
ronment. Such studies would need to involve multiple countries.
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 The Challenge of Translation

Most scientists do research for the good of society—they want their findings to be 
used to improve human lives. In LMICs, knowledge is increasingly translated into 
intervention “packages” that address multiple risk factors [52]. Concepts like the 
exposome that account for complex contributions of multiple risk factors to health 
or disease could be very useful for informing interventions. But the translation of 
findings from exposome science is still an aspiration and will depend on how the 
exposome is conceptualized. The concept itself is very broad but some writers have 
criticized it as being too narrowly focused. If we only focus on “all biologically 
active chemicals inside a person during life,” paying less attention to social and 
policy factors, there is a danger of reducing the exposome to the internal environ-
ment [13, 53]. If that happens, it may be difficult to understand the external factors 
that produce the biomarker profiles detected by powerful machines, and conse-
quently, to make the changes that will protect people’s health from environmental 
hazards and other risk factors [15]. In the same vein, there is fear that exposome 
science will “take a radically individualized turn,” where the individual, molecular- 
level differences are examined at the exclusion of the social phenomena that con-
tribute to them [53]. The result could be a focus on individual-level interventions 
like behavior change that already abound in public health and that are criticized as 
ineffectual in isolation of system-level changes [8].

Many environmental factors, from exposure to pollutants to impacts of natural 
disasters, are underpinned by deep social, economic, or racial/ethnic disparities 
[54–59]. Thinking of the refugee woman fleeing the conflict and violence ravaging 
her country or the little boy suffering from malnutrition and multiple infections, the 
danger of reducing the expsome to biomakers is particularly great. It could dehu-
manize their experiences and shift the focus from the geopolitical, systemic changes 
that would support population health to the small changes they as individuals can 
make to incrementally improve their own health. It is important that the measure-
ment of the exposome in LMICs account for the broad variety of economic and 
societal factors that affect health. To counteract the molecular view, the socio- 
exposome3 and the public health exposome4 have been recently put forward [53, 60].

3 Socio-exposome is an extension of the exposome framework and places special emphasis on the 
measurement of social experiences and the recognition of prior research on broader, social deter-
minants of human health across the lifecycle.
4 Public health exposome is an answer to the scientific paradigms, which it considers unsatisfac-
tory, for measuring the relationship between the environment, human health, and the disparities in 
health at the population level. It builds on the socio-ecological framework and extends the original 
concept of the exposome, with the aim of tracking and integrating complex relationships among 
exogenous and endogenous exposures across the life span.
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 The Challenge of Research Conduct and Data Analysis

While technology is propelling exposome science forward, studies designed to 
measure the exposome often fail to address key questions with respect to the timing 
of exposures. Longitudinal studies need to be conducted, with data obtained from 
before the birth of the individual, and at various stages throughout childhood [61, 
62]. While some exposures are relatively easy to quantify, there are important 
logistical and ethical challenges of collecting repeated samples from very young 
children or vulnerable (low SES, marginalized, indigenous, etc.) populations. 
People lose interest in studies, and either drop out completely or have long periods 
of non- participation. Researchers need to find efficient ways to assess the external 
environment, make research participation enjoyable, and the purpose of research 
studies clearly relevant to people’s lives. Finally, it may be difficult to find (long-
term) participants in countries where research has historically not been conducted 
or is not valued. In some countries (for example, with documented human rights 
 violations or government encroachment on individuals’ privacy) people may be 
more reticent to participate or more likely to drop out of studies.

Assuming the challenges of collecting data over time have been met, there 
remains the question of how to analyze it. This is a complex question requiring a 
separate and lengthy discussion. We highlight it here because it is so critical to the 
future of exposome science—advances are needed not only in measuring environ-
ments more accurately and precisely, but also in sifting through, categorizing, com-
bining, and pulling meaning from millions of data points. Environmental factors are 
closely intertwined, both at any given time point and across time; consequently, new 
statistical approaches are needed. A few examples of attempts to analyze exposome 
data are given here, with the encouragement to students interested in “big data” to 
get involved and contribute to developing new methodologies [63–66].

 The Challenge of Ethics

Research in exposome science represents special challenges with respect to ethics 
in terms of privacy and confidentiality, participant burden, the consent process, and 
sharing of results. Taking these issues in turn, privacy and confidentiality of data are 
an important concern, particularly when potentially very sensitive data (sexual risk 
taking, exact location, mental health, etc.) are collected via apps, stored in digital 
repositories, and either manipulated in the cloud or transmitted electronically 
between participants and researchers. The use of commercial apps or devices is 
fraught with pitfalls because issues of data ownership are murky. When apps are 
commercial property, who really owns the data and how much agency over the data 
do the researchers or the participants have?
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Participant burden is a concern for research ethics. Because there are currently 
very few integrated data collection devices (one device collecting all necessary 
information), people participating in exposome studies are likely to be asked to 
provide multiple biological samples at multiple time points, wear at least one per-
sonal monitor or sampler over several days or even weeks, receive multiple text 
prompts or app reminders asking them to log information on their mood, diet, activ-
ity, etc., and update researchers with changes in address so that any external moni-
toring data can be linked to them accurately. Participants can perceive this as overly 
burdensome. Imagine a scenario in which researchers invite into a study a low-
resource community in a LMIC setting or refugees who distrust doctors, govern-
ment officials, or university personnel. Imagine a community so poor that they 
agree to participate to supplement their income. Because of the underlying distrust 
or power dynamics, long-term studies that are burdensome or invasive may meet 
with low acceptance and high level of non-compliance. In some cases, longitudinal 
studies invite participants to serve on ethics committees or advisory boards, and 
thus help inform study design, but this is still rare in LMICs [67, 68].

Finally, the practice of reporting back individual or group-level results to study 
participants is becoming more acceptable, but it is challenging to communicate 
uncertainty around scientific findings to build accurate expectations in participants 
of the value and power of the research (as opposed to clinical diagnosis) [69–71]. 
The use of accurate, understandable, and sensitive language is important. The 
report-back of results to study participants from LMICs deserves special attention 
because issues of participant vulnerability, power differentials between researchers 
and participants, and literacy are likely to be greater than in higher-income coun-
tries. Many research studies conducted in LMICs currently are headed by principal 
investigators from high-income country institutions. Even if very well-intentioned, 
those investigators may have little knowledge of the local context in terms of per-
ceptions of and comfort with research studies, health belief systems, cultural norms, 
acceptable behaviors, or linguistic nuances. In those cases, working with commu-
nity advisory boards will be particularly important. The field of exposome science 
needs ethics experts to guide the design and implementation of studies; this is yet 
another area where the involvement and energy of young minds will be essential.

 The Role of Students in Measuring Lifetime Environments

Broad thinking is needed to consider how technological advances in “omics” do not 
overshadow the societal determinants of health and disease. These issues are already 
being raised and are timely for joint thinking across the disciplines. One example is 
a very thoughtful consideration for how geographers should engage with environ-
mental health scientists and epigeneticists to understand how space and health relate 
[72]. They astutely point out that “bodies… are socionatures in which the line 
between the biological and social is erased.” Furthermore, the “permeability of the 
body to ubiquitous and subtly acting chemicals should put to rest the idea of the 
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body as a citadel that can be protected by intentional individual behaviors” [72]. 
This realization is a rallying point for a dialogue and collaboration across disci-
plines; it also opens up space for involvement by students and young researchers.

This dialogue can take on many forms, beginning in the classroom and the halls 
of academia, and moving to conferences or scientific journals that give a wide 
range of disciplines the platform to speak of their experiences and contribute to 
refining the exposome concept and the tools for its measurement. These are just 
some ideas but the point is that through collaboration and cross-pollination of ideas 
among many disciplines, solutions to the challenges facing the exposome science 
can be found. The translation of the molecular exposome into real interventions or 
meaningful policy solutions is yet to come, but is an exciting future opportunity for 
researchers willing to engage with other disciplines. Despite its many challenges, 
particularly when “exporting” the concept to LMICs, exposome science is an 
exciting area of research, one that should continue to attract bright young minds 
ready to think of solutions and chart new pathways forward [64] (Fig. 2.2).

The Story of Thiri, A Refugee Woman from Burma Who Settled in 
Buffalo, NY5

By Seth Frndak, PhD Student, University at Buffalo
When her community was destroyed in 2000, Thiri Aung and her family 

sought shelter at the Mae La refugee camp in Thailand. Thiri was assigned to 
the kitchen and daily breathed in smoke due to the poor ventilation. Sanitation 
was a problem in Mae La, so Thiri and her youngest son contracted cholera. 
Thiri recovered but her son did not. When cholera vaccines were finally dis-
tributed throughout the camp, Thiri insisted that her family also take tradi-
tional Burmese medicine. Unbeknownst to Thiri, her medicine contained high 
levels of lead.

After 5 years in the camp, 45-year-old Thiri, her husband, and three chil-
dren applied for and were permitted entry into the United States and settled in 
Buffalo, NY. During intake, all of her children screened high for blood lead, 
possibly due to foods and traditional medicine used in the camp. Thiri was 
encouraged to re-visit the doctor to monitor her children’s lead levels. Because 
the children continued to have elevated lead levels, the county government 
inspected Thiri’s apartment and found chipping lead paint. They provided 
education concerning lead exposure and worked with the landlord to repair 
some of the chipping walls.

After settling into their new community, Thiri started cooking for a small, 
Burmese restaurant. Her husband struggled to find work. He would often 
drink and smoke in the house with other unemployed Burmese men. He 
became irritable, so Thiri let him smoke in the living room in the evenings. 

5 The names and other details in this story are fictional, but are based on the lived experiences of 
refugees in the United States and elsewhere.
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Thiri loved cooking, but her children complained about her traditional dishes, 
so she would treat them to hot dogs and pizza from the corner store—the gro-
cery store was much too far to leave her kids alone at home. Happy to see her 
children gaining weight, and finding herself eight pounds heavier than in Mae 
La, Thiri walked to the grocery store less and less.

Thirteen years after resettling in the United States, Thiri proudly saw her 
eldest child, Hlaing, graduate from high school. Hlaing still lived at home and 
knew that his mother was often unable to sleep, waking and gasping for air. 
Hlaing had encouraged her to visit the doctor after his father died of a heart 
attack a few years prior. While resistant, Thiri finally allowed her son to 
schedule an appointment. Thiri’s blood pressure was 160/110 with a BMI of 
30. She had obstructive sleep apnea and stage 2 hypertension. She was at high 
risk for stroke and heart failure. The doctor recommended changes in diet and 
activity and prescribed medication to control her blood pressure. Thiri lis-
tened to the advice and began slowly losing weight, reducing her blood pres-
sure. Today she enjoys gardening with other Burmese women.

A Day in the Life of Maria, A 5-Year Old from Kisumu County, Kenya6

By Patrick Mbullo, PhD Student, Northwestern University
During household visits, a community health volunteer (CHV) is required 

to report the health of children, especially those under 5 years of age. A CHV 
will record the presence of ailments such as cough, diarrhea, and dysentery, as 
well as immunization status. When a team of CHVs and caseworkers from 
Pamoja Community Based Organization visited Mabungo, a small village in 
Nyanza region, the disturbing report about the health condition of two young 
children was not unexpected.

When we arrived at the household, Mercy’s 5-year-old daughter, Maria, 
lay on an old papyrus mat on the floor, immobile; her frail body—feet, fin-
gers, and buttocks—were all covered with raw sores inflicted by jiggers (tung-
iasis), a type of flea that affects humans. Some sores were fresh while others 
were re-infected. On Mercy’s lap was her emaciated 3-year-old-daughter, 
who seemed severely malnourished. “My children have had persistent diar-
rhea for more than three days now, I am worried because they can’t drink or 
eat. Maria can’t play or go to school. She spends most of her time sleeping on 
this mat,” Mercy narrated, her teary eyes revealing the state of her pain. 
“Yesterday, I saw long worms come out as she defecated. At first, I thought 
the intestines were coming out. Because I was scared, I called the community 

6 This case study is based on a family in Kenya, but depicts the lived experiences of families in this 
country and elsewhere. For privacy reasons, names and other personal details have been changed.
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health worker,” she continued. While we were busy documenting the case, we 
observed Mercy retrieve clothes from a pile of dirty laundry for the kids. She 
had neither water nor soap to wash the clothes.

With the household sanitation situation, it was obvious the diarrhea would 
only get worse if nothing was done. Mercy’s house (made of earthen floor and 
mud wall) was infested with jiggers; she had no pit latrine, and most impor-
tantly, lacked food. A more comprehensive intervention was needed. The 
CHV prepared the case for referral to the nearest health facility, as the rest of 
us zeroed on addressing the household hygiene condition. A standard require-
ment for a CHV during home visits is to give health education and other 
needed household services.

Mercy’s household mirrors the plight of many households in Mabungo vil-
lage, where children are exposed to numerous environmental challenges pre-
venting them from attaining good health and wellbeing. Everyday in this 
village, many children miss school because of bacterial or parasitic infections 
such as jiggers or tapeworms. Change of seasonality exacerbates these envi-
ronmental exposures, with rainy season bringing bouts of cholera, schistoso-
miasis, and other waterborne diseases, including malaria, a leading cause of 
death among children under five in this region.

Despite the government’s push for universal health care, the households’ 
inability to access basic needs such as clean water and sanitation, food and 
shelter will make health care a mirage dream.

Fig. 2.2 Tungiasis- 
infested feet 
(Source: Diana 
Awuor, Social 
Worker at Pamoja 
Community Based 
Organization, in 
Kisumu Kenya)
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Chapter 3
Transforming Well-Being for Refugees 
and Their Communities: Perspectives 
from Medicine, Nursing, Education, 
and Social Work

Kim Griswold, Jessica Scates, and Ali Kadhum

 Introduction

Imagine—You have traveled far away from the country of your birth, you will prob-
ably never go home. You have left some family and many friends behind. You may 
have suffered trauma before, and during your journey. Now you must settle in a new 
place. You must integrate into a new culture, while preserving and honoring your 
own. You are known as a refugee, but you will integrate as a citizen into a new coun-
try—arriving with your unique culture and history, and striving for safety and a 
prosperous life for you and your children.

Forces driving migration and socio-political ideologies that contribute to refugee 
and immigrant health are defining our global twenty-first century. Complex immi-
gration policies are often in conflict with principles of human rights, social justice, 
economic theory, and autonomy—of individuals and societies. This chapter will 
outline the complicated nature of displacement, and the impact it, as well as resettle-
ment and emplacement have on the health and well-being of refugees. We will also 
present a perspective from Buffalo, NY, a community with long experience in refu-
gee resettlement, and with expertise in meeting the needs of asylum seekers.
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 Forcibly Displaced Populations

In 2018, wars, violence, and persecution uprooted and forcibly displaced a record 
68.5 million people around the world [1]. Of these, 40 million internally displaced 
persons sought safety within the borders of their home country, 3.1 million asylees 
crossed borders to request refugee status, or legal protection in another country, 
and 25.4 million were classified as refugees; they received the legal status and 
right to seek shelter, safety, and make a home in another country [1]. Although 
refugees, asylees, and internally displaced persons are on the move, they cannot be 
equated with migrants. Migrants cross international borders to join family, search 
for livelihood, escape natural disasters, or for other purposes. Forcibly displaced 
peoples have fled their homes because of persecution, war, or violence for reasons 
of race, religion, nationality, political opinion, or membership in a particular social 
group [1]. International laws require nation states to protect refugees, yet at bor-
ders, each country’s asylum laws are considered matters of national sovereignty 
[2] (Fig. 3.1).

 History and Policies of Migration and Displacement

In the half century after WWII, civil conflict and military aggression in Africa and 
Asia caused further forced migration, which stabilized to some extent in 2005; how-
ever, increasing conflict in the Middle East, Syria, and Sudan culminated in the 
2015 estimate of over 60 million men, women, and children displaced and seeking 
safety [3, 4].

Countries in Eastern Europe that border conflict zones receive disproportionate 
numbers of refugees, and may be under-resourced for their resident population, thus 
incurring greater economic burden. Recent waves of nationalism sweeping through 
Europe complicate the integration of refugees and often feed xenophobia.

Extreme poverty in Mexico and many Latin American nations has fed the migra-
tion route of economic migrants primarily to the Unites States (U.S.). However, 
gang violence and persecution against citizens within many of these countries is 
responsible for increasing numbers of political refugees [5]. Vagaries of the U.S. immi-
gration laws (specifically as they relate to refugees and asylum seekers) and their 
arbitrary interpretation result in controversial treatment of migrants and refugees at 
U.S. borders and reflect the current political climate. The U.S. does have a history 
of isolationist policies after world conflicts [6]. For example, refusal to accept 
Jewish refugees into the U.S. following WW II, and the separation of children from 
their parents between 2017 and 2018, are examples of repressive immigration 
stances.
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 Refugee Resettlement in the U.S.

Refugee resettlement is the legal relocation of refugees to a safe country. 
Resettlement provides refugees with legal and physical protection, including access 
to civil, political, economic, social, and cultural rights similar to those enjoyed by 
nationals. However, resettlement is a lengthy and complicated process that includes 
registration with the United Nations High Commissioner for Refugees (UNHCR), 
sponsorship from international resettlement organizations, and many levels of 

Fig. 3.1 Forced migration statistics. (Source: design: Ingrid Calderon, Mrunmayee Pathak, 
Verónica Yuqui, prepared for “Rethinking Resettlement,” graduate architecture studio taught by 
Erkin Özay, University at Buffalo, Spring 2016; modified by Nicole C. Little)
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 background checks and medical appointments. Less than 1% of all refugees resettle 
in an accepting country [3].

Within the U.S., the Department of State oversees refugee resettlement. UNHCR 
and U.S. Embassies around the world refer refugee applicants to nine Resettlement 
Support Centers external to the U.S. that process their claims. There, biographical 
and historical data are collected, and representatives from the Departments of State 
and Homeland Security complete security screening. Officers from the U.S. Citizen 
and Immigration Services (USCIS) then review all information, and conduct per-
sonal interviews with each applicant. Finally, all accepted refugees undergo a com-
plete physical screening and exam before entry into the U.S [7].

Once accepted into the U.S., overseen by the Office of Refugee Resettlement, 
refugees resettle to cities throughout the nation that have established resettlement 
organizations and where there may already be communities of similar culture and 
background.

Historically, the U.S. has been the top resettlement country in the world, capping 
refugee resettlement at around 75,000 people per year. Despite a lack of evidence, 
citing fears that terrorists might infiltrate the program, the U.S. refugee resettlement 
program was temporarily suspended in 2017 [8–10]. Immigration politics and a rise 
in nationalism resulted in the lowest historical numbers of refugees admitted to the 
U.S., 45,000 in 2018 and an expected 30,000 in 2019 [11].

 Forced Migration, Health, and Resilience

Global conflicts and violations of human rights (for example, ethnic cleansing, citi-
zens as human shields in war, religious persecution, rape as a weapon of war) force 
individuals and families to flee as refugees [12]. Theoretical constructs seek to 
understand how the trauma of flight and pre- and post-migration factors affect indi-
viduals’ overall health and welfare, mental health, and capacity for successful reset-
tlement in safe countries. The losses that refugees endure (family, support systems, 
social identity, place) put them at risk for health problems (such as chronic pain, 
depression, anxiety, post-traumatic stress symptomatology) necessitating equitable 
access to primary care and behavioral health systems.

Assessment of an individual’s mental health should take into consideration pre- 
migration, migration, and post-migration factors [13]. Mental health screening for 
recently resettled refugees may be an effective strategy, providing there are ade-
quate follow up resources [14]. However, it is important to remember that individual 
responses to trauma and violence are mediated through a cultural lens, and that all 
people may experience and display distress differently [15].

Martin-Baró, in studying violence on society, stated, “Salvadorian displaced 
farmers manifested hypervigilance, distrust of outsiders and paranoid thinking but, 
rather than concluding that these were symptoms of poor mental health, he under-
stood them as realistic responses to life conditions and manifestations of damaged 
social relationships. Abnormality and poor health are not with the individual but in 
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the social environment” [16, p. 7, 17]. Thus, models of trauma-informed care may 
not always be the most effective means of achieving optimal health and wellness. 
Dona suggests that focusing on individual trauma and its treatment presents a nega-
tive view of refugee health—versus the need for a positive public health approach 
toward wellbeing and welfare [16].

Systems working to improve health and well-being for resettled refugees focus 
on individual health problems while disregarding discussions about quality of life, 
meaningful existence, and structural barriers [16]. Additionally, prescription medi-
cations or personal therapy that focuses on the individual, rather than the collective 
social/religious/cultural network, may lead to further isolation and create further 
oppression for already marginalized populations “under the guise of professional 
help” [16, p. 5].

Recovery must be grounded in “social recovery shaped by rights and collective 
justice, and personal healing needs to be situated within social processes that aim to 
re-establish collective safety, communalization and bereavement” [18]. In this con-
text, the five pillars of the “ADAPT” (adaptation and development after persecution 
and trauma) model reinforce a more comprehensive view of healing: provision of 
security, building and reinforcing networks, achieving justice, finding roles and 
identities, and integrating existential meaning; repairing these domains is necessary 
for restoring communal mental, and physical, health [19].

Voices from the Field: Resettlement
During a breast cancer education workshop, May Shogan encouraged an Iraqi 
woman in her 40s to receive a mammogram. Her screening showed abnor-
malities. Because the woman’s mother previously had ovary surgery, her doc-
tors wanted to check her ovaries as well. She was scared. She did not know 
enough about her mother’s health history to answer the doctors’ questions. 
Most importantly, though, she was unmarried and a virgin. She was concerned 
that a gynecologist screening her ovaries might affect her virginity. Despite 
the doctor’s assertion that an internal ultrasound would not be invasive, she 
refused to go any further. The doctor was concerned about saving her life; her 
concerns—the ramifications of losing her virginity from an invasive proce-
dure—originated from her religious and cultural beliefs.

May says, “Culture is not a fashion statement that changes depending on 
the time and place.” Practices going back centuries, many based on tradition 
and religion, are very hard to break. Women from diverse cultures refuse can-
cer screening—they do not believe they can control God’s will.

Providers caring for patients who observe diverse religious and cultural 
traditions must consider that treating the patient goes beyond treating their 
physical health. Patients who feel a provider is undermining their beliefs may 
discontinue their care or treatment and endanger their health and well-being. 
To ensure a patient receives care that improves health and well-being, provid-
ers must take time to understand religious and cultural expectations. Patients 

3 Transforming Well-Being for Refugees and Their Communities…



40

Fundamental components of culturally effective clinical care include appropriate 
use of trained interpreters, a focus on health literacy, and knowledge and under-
standing of each refugee patient’s cultural, religious, and/or traditional beliefs [21, 
22]. Evidence based guidelines and culturally aware and competent care can help to 
ensure that the delivery and receipt of health care is optimal, and result in positive 
health outcomes. Comprehensive guidelines published by the Canadian Collaborative 
for Immigrant and Refugee Health suggest care providers should pay particular 
attention to and become knowledgeable about the culture from the country of ori-
gin, type of migration (forced versus voluntary), degree of health literacy, and vac-
cination history [23]. Mental health screening and care should be individualized and 
culturally congruent to improve diagnosis, treatment, and outcome. Trained inter-
preters and bi-cultural “brokers” or advisers are essential components of culturally 
informed care [13].

Voices from the Field: Clinical Care
Caring for refugee populations has made me a better physician, partly because 
I have had to learn to listen very well—usually through the use of trained 
interpreters. Their stories are spellbinding and heartbreaking. Their ability to 
teach my colleagues, students, and me is masterful. They are focused on creat-
ing a better life for their families, obtaining education, and offering their 
unique talents to a new place. Refugee patients and colleagues now help us in 
the University at Buffalo’s Jacobs School of Medicine and Biomedical 
Sciences by teaching interprofessional health trainees how to use interpreters 
appropriately [24]. Part of this training emphasizes the importance of cultural 
awareness and sensitivity, patients as the best teachers, and the importance of 
humility on the part of the clinician. It also brings to me a continual sense of 
joy to be engaged in the communities that we care with, and for.

 – Kim Griswold, Professor, Department of Family Medicine, Jacobs School 
of Medicine and Biomedical Sciences, University at Buffalo.

that deeply trust their providers may be more open to sharing information and 
comply with treatment plans.

 – May Shogan, director of education and international visitors at the 
International Institute of Buffalo led a multi-year Susan G. Komen grant to 
educate refugee women about the causes and early detection of breast can-
cer and to provide free breast cancer screenings [20].
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 Making Places: The Journey from Displacement 
to Emplacement

The study of displacement has been historically rooted in humanitarian assistance 
despite its ties to economics, political science, or history, and refugees have been 
grouped according to their supposed common conditions or nature [25]. However, 
refugees reflect diverse political, religious, socio-economic, and cultural back-
grounds. Wrought with horror and suffering, their displacements differ from geog-
raphy and context. For many, theirs is a forced re-placement, resulting in a scattering 
of families and communities around the world [26]. They courageously adjust 
“home” to reflect the physical spaces in which they feel at ease and safe, along each 
point in their journey—whether displacement within their home countries, resi-
dence in informal border towns, lengthy stays in resettlement camps, or third coun-
try resettlement.

A radical shift in displacement literature has been occurring over several decades. 
As globalization increases, scholars have rejected the notion that geographical dis-
placement equates with loss of identity and culture [16, 25, 27–29]. From “stable, 
rooted and mappable identities to fluid, transitory and migratory phenomena…
people are now thought of moving continuously through flexible, open-ended and 
contested space” [30, p. 317]. However, increased globalization has led to increas-
ingly restrictive immigration policies [31]. Although the rich and poor live in the 
same mobile world, they experience it differently and are impacted by it inequitably 
[32]. “The way people experience movement to a new place, and the extent to which 
this is a shocking and disruptive experience, is determined by the conditions under 
which they move” [32, p. 275]. For displaced peoples, movement into new areas is 
often stigmatized.

Turton argues there is a need for a theory of place that gives equal credence to 
self-identify; one that is as dependent on location as it is to homelessness [32]. 
People on the move are not moving through indifferent space, they move through 
places that are shaping them and being shaped by them [30]. Displacement is not 
only about the loss of a place, but also the struggle to make a place in the world [32, 
33]. Although we live in a fluid world, emplacement, the act of making a place a 
home or linking together space, place, and power, creates a sense of belonging and 
meaning, something for which displaced persons yearn [30, 34].

Individuals can develop a sense of place through…deliberate acts like storytell-
ing, re-creating features of a lost environment, keeping mementos safe, and estab-
lishing and maintaining social links [27, 32, 35–37]. Many refugees bring strength, 
adaptability, a sense of belonging and purpose to new environments [38]. However, 
the communities and neighborhoods in which they resettle contribute as much to 
their resilience and ability to make place. Emplacement can only be possible through 
the building of relationships, whether they be negotiations between refugees and 
those who assist them, connections with neighbors, partnerships with policy mak-
ers, camaraderie with teachers and peers, or friendships with local ethnic communi-
ties [16, 27, 32, 36, 38]. Positive social interactions lead to economic and educational 
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opportunities, increased civic engagement, legal and resettlement support, and cel-
ebrations of diversity of cultural expressions through art, dance, and music [39]. For 
emplacement to occur, hosts and newcomers must actively engage, understand, and 
learn from one another [36].

 Displaced: “In” But Not “Of”

Because of diminishing resources, income-generating opportunities, and problems of 
unemployment, host populations are becoming increasingly hostile to refugees. As a result, 
most refugee communities see no future for themselves or their offspring in their country of 
asylum…Instead of working to develop roots in the new place, [refugees] aim becomes 
return to the country of origin from where they were forcibly uprooted. [31, p. 389].

Refugees often exist within a physical residence yet do not belong; they are “in” but 
not “of” a space [28, p. 344]. Power structures, politics, and socio-economic, racial, 
and educational discrimination are the backdrop to their struggles. Local and 
national policies that limit access to social services and sources of livelihood as well 
as freedom of movement reduce a newcomer’s ability to make a place a home [31]. 
Refugees must contend with segregated camps and neighborhoods, bias and hatred, 
stigma of the other, nationalism and anti-refugee sentiment, and even conflict 
between personal, cultural, and host country norms. Differences in language, cul-
ture, climate, geography, food, and community complicate the act of emplacement. 
Take Amira, who resettled in Buffalo, NY after leaving Iraq:

Voices from the Field: Displaced New Americans
Life in Iraq was very different for Amira and her family. As a homemaker, 
Amira prided herself in taking good care of her husband, kids, and family. 
After fleeing Iraq and resettling in the U.S., her new reality was very different. 
Amira had to navigate unfamiliar systems like health care and education for 
her children. To help her family, Amira found a job. The initial separation 
from her children was very difficult—she experienced constant fear and 
worry. However, Amira prevailed and began to earn more money, at almost 
the same rate as her husband. Accustomed to traditional gender roles through-
out her life—the husband worked while the wife cared for the children—the 
couple experienced conflict over money and power dynamics. These conflicts 
led to the couple’s divorce.

In Amira’s culture, when divorce occurs women do not remarry. While liv-
ing in Iraq, Amira and her husband’s families would have helped the couple 
solve their problems. From Amira’s perspective—and with limited social sup-
ports—in the U.S. the only resource they have is the police. Today, Amira 
struggles raising her children alone—the children’s father is not involved in 
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Literature is full of stories like Amira’s. Farah, a refugee from Somalia who 
traveled through Kenya to Sweden, Denmark and then Finland, suffered abuse 
and attacks from racists living in Finland. Post-displacement, he sought “human 
life” in Kenya, where there was peace and where he could raise his family [40, 
p.  9]. Children face marginalization by peers and even teachers resulting in 
poor academic achievement and increased likelihood to join gangs [41, 42]. 
Sudanese  refugees living in Australia note a major cause of misconduct and 
suicide among youth is idleness and inadequate mid- to long-term settlement 
opportunities [37].

Resettlement in a community can be just as, if not more, traumatic and destruc-
tive than initial displacement. Bronstein’s 2011 systematic review on psychological 
distress in refugee children surveyed 22 studies covering over 3000 children from 
over 40 countries [43]. Trauma and pre-migration were factors for psychological 
distress but post-migration factors like uncertainty regarding migration status, the 
process of immigration, discrimination, a lack of personal and structural support, 
and greater restrictions to living conditions had direct relationship to higher scores 
of depression and PTSD. Bogic, studying factors associated with mental disorders 
in long-settled refugees assessed 854 refugees living in Germany, Italy, and the UK 
[44]. The “stressful social and material conditions in resettlement independently 
predicted mental health status as well as, or better than, actual exposure to war 
trauma” [44]. Post-migration stressors, specifically not feeling accepted by the host 
country, having a temporary residence status, unemployment, and substance use 
disorders explained the most significant variance in rates of mood and anxiety dis-
orders [44].

For many refugees, resettlement results in a lack of financial, social, and psycho-
logical support required to ensure their health and well-being [37]. In many places, 
refugees face discrimination and criminalization, deficit-based paradigms that 
blame and marginalize, and recovery programs and longer-term community oppor-
tunities that are only accessible for a portion of the population [37, 42, 45]. “Refugee 
and humanitarian entrants are…asked to fend for themselves before they have had 
time to acquire the necessary cultural competencies and alternative means of life 
support” [37].

their lives. Thinking back on the past and their time in a refugee camp, Amira 
notes that even facing fear and hunger, their family was at peace. In the refu-
gee camp, she knew that there was no future for her children, but they were 
together. Now she feels that she is losing her kids, has no husband, and is all 
alone. She wished she had stayed in the camp instead of coming to the U.S.
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 Emplaced: Leaving Our Imprints

Daily routines and habits “leave our imprints on places – and…places leave their 
imprints on us” [30, p. 328]. Emplacement practices like rituals, re-establishment of 
supportive familiar systems, relationships with community and family, and story-
telling make sense of one’s being-in-the-world and play an important role in rehu-
manizing impermanent living environments [30, 37, p. 45, 46]. Take Jubair’s family 
who left Iraq and resettled in Buffalo, NY:

Emplaced people cultivate their unique cultures and traditions while embracing 
and being embraced by the host communities in which they live. Jubair’s family 
created a space that was unique to them and their culture while establishing new 
traditions and nurturing relationships within their resettled community. Similarly, 
Halima, a refugee from Somalia, was confident that she survived a near death expe-
rience to do something meaningful with her life—that work with the community 
was the medicine that helped her to live [30]. In creating a sewing group to dialogue 
with other Somali women, volunteering in a multicultural children’s playgroup, and 

Voices from the Field: Emplaced New Americans
Jubair came to the U.S. from Iraq eager to support his children. He enlisted 
their help as leaders within the home, knowing that they would be windows 
into the U.S. culture and traditions. In Iraq, this type of arrangement would be 
unheard of; the father advises the children. Thinking about their new relation-
ship, Jubair notes that in Iraq, work took him from his family; he spent most 
of his time with the community and never spent time with his children. After 
coming to the U.S., he began to enjoy spending time with his children. 
Although he lost the social connections he had overseas, he was content 
knowing his children.

Jubair’s wife worried about the well-being of her family and questioned 
why they were there. She wanted to go back to Iraq, back to her mother. To 
ease her stress, Jubair encouraged her to work. Her work led to friendships 
and she began to create meaning in the place she lived. Today, Jubair encour-
ages other families from Iraq to encourage their wives to work.

Jubair admits life in America was not easy at first. He had to reflect on 
certain aspects of American culture for a while before being OK with them. In 
Iraq, when Jubair and his wife had problems, their parents would solve them. 
In the U.S., they needed to solve those problems together. They have worked 
to understand one another, agreeing that a problem cannot go for more than a 
day. Jubair and his wife note that the key to success in their relationship is that 
they talk about their problems together. Their children are also succeeding in 
the community—one son was recently selected as the best student in the 
entire school and another, who attends a local college, has begun to receive 
job offers from IT companies.
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running a local school lunchroom, Halima combatted feelings of estrangement “by 
actively carving out her own paths. In doing so, she was literally placing herself 
back into the world” [30, p. 326]. Stories of refugee resilience are common. All 4 
One2, a group of Sudanese hip-hop artists, constructed a transnational virtual net-
work of artists and fans [37]. Karen refugees created a sense of belonging and 
meaning by erecting a monastery that locals and refugees frequent [29]. And, a 
Somali Bantu community maintained gardens that provided a place for cooperation 
and collaboration, physical, mental, and emotional therapy, and memories of 
home [27].

Evidence suggests that refugees can thrive and benefit the host nation economies 
in which they settle [47, 48]. In releasing the labor market impact of refugees in 
2017, the U.S. Department of State published “robust causal evidence that there is 
no adverse long-term impact of refugees on the U.S. labor market” [49]. Similarly, 
an article published in Nature analyzed 30 years of data from Western Europe refut-
ing the suggestion that refugees pose a financial burden on a host country economy 
[50]. Alexander Betts Refugee Economies explores how refugees, when provided 
basic economic freedoms, live complex and varied economic lives, are highly entre-
preneurial, and connected to the global economy [51]. “Far from being an inevitable 
burden, refugees have the capacity to help themselves and contribute to their host 
societies—if we let them” [51].

Both qualitative and quantitative data suggest that an individual alone cannot 
succeed (or fail) to cope in a place and be healthy; to be a part “of” these spaces 
requires acceptance and collaboration [16]. Both newcomers and host communities 
play equal role in ensuring a refugee’s successful emplacement (Fig. 3.2).

Fig. 3.2 The concept of emplacement. (Source: concept: Jessica Scates and Kim Griswold; 
graphic design: Nicole C. Little)
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 A Case Study: Buffalo, NY, the City of Good Neighbors

Buffalo, NY has a century old tradition of welcoming immigrants, refugees, and 
asylum seekers. Four local resettlement agencies help legally accepted refugees 
acclimate to their new environment by providing assistance with housing, employ-
ment, and health care, enrolling children in school, linking with social services, and 
navigating the city. Buffalo also hosts a large shelter for asylum seekers, and a 
Center for Survivors of Torture (CST) through Jewish Family Services of Buffalo 
and Erie County [52]. The CST serves individuals (resettled refugees as well as 
asylum seekers) who suffered persecution, violence, and torture.

Buffalo’s refugee populations collaborate with local municipalities, businesses, 
and higher education institutions, contributing to the revitalization of the economy. 
Places like the West Side Bazaar, Buffalo String Works, and Stitch Buffalo create 
jobs while celebrating diverse arts and culture [53–55].

Community based organizations are serving their neighbor’s needs, reducing 
stigma through annual events like World Refugee Day [56]. Local government 
established an Office for New Americans, giving refugees a political voice [57]. 
Partnerships with the local police department developed a language access plan, 
ensuring refugees can communicate their needs and understand their rights [58]. 
Established clinics serve the most vulnerable populations including victims of 
trauma and torture, asylees, pregnant women, and children. Many hire refugees—
valuable employees who provide cultural and linguistic support in delivery of health 
care. Resettlement organizations tirelessly seek funding to establish community 
gardens, legal services, and trainings in small business development, interpreting, 
and cultural competency. The Human Rights Initiative, a medical student-led group 
at the University at Buffalo Jacobs School of Medicine and Biomedical Sciences, 
arranges and provides pro bono services to conduct forensic exams for asylum seek-
ers to assist in cases alleging torture and ill treatment in their countries of origin 
[59]. Researchers spanning planning to public health, social work to nursing, man-
agement to medicine seek to understand the barriers to good health and well-being 
for refugees, offering programmatic and policy change solutions [60]. They are also 
training the next generation of medical doctors, nurses, pharmacists, social workers, 
public health professionals, and the like through multi-disciplinary courses, work-
shops, and annual summits focused on improving refugee health and well-being.

Because of Buffalo’s long history of caring for individuals from diverse cultures, 
health and medical care have developed to meet the distinct needs of individuals and 
families. The Jericho Road FQHC provides a best practice primary care model to 
care for local communities, and offers services that focus on identified needs [61]. 
For example, the Priscilla Project supports new refugee expectant mothers by link-
ing them with medical students for health education and support; and VIVE La Casa 
is a large residential shelter for individuals and families seeking asylum. Buffalo 
also supports two additional Federally Qualified Health Centers, and an integrated 
primary care/behavioral health clinic, each providing care to sizeable refugee 
populations.
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 Conclusion

Motivated by atrocities committed during the previous world wars, the General 
Assembly of the United Nations adopted the Universal Declaration of Human 
Rights on December 10, 1948. The declaration expresses values shared by all mem-
bers of the international community and has given rise to legally binding interna-
tional agreements like the Convention Relating to the Status of Refugees. Article 
14(1) guarantees the right for persecuted people to seek and enjoy asylum in other 
countries [62]. However, world leadership still struggles to balance the provision of 
humanitarian aid with maintaining border and national security. Globalization has 
resulted in the increase of movement of goods and services across nation states, but 
has also led to an increase in nationalistic ideologies that breed fear and persecution 
of the “other” [31]. Some fear what they do not know.

Buffalo NY is an example of a city seeking to emplace and embrace refugees and 
asylees by involving them in the local social, economic, and political fabric.

Beyond the debate of whether refugee resettlement is ethically and morally right, 
or whether it is a humanitarian obligation, it is certain that for the health and well- 
being of all, community members new and old, we must create spaces that allow for 
safe emplacement.

To emphasize the horror and pain of the loss of home…and to say nothing—or little—about 
the work of producing home or neighborhood…is to see them—as virtually everyone who 
writes about refugees urges us not to see them—as a category of ‘passive victims’ who exist 
to be assisted, managed, regimented and controlled—and for their own good. Above all, it 
makes it more difficult for us to identify with the suffering stranger, to see him or her as an 
ordinary person, a person like us, and therefore as a potential neighbor in our neighborhood 
[32, p. 278].

The positive and negative stories of emplacement should cause us to reflect. 
What is missing from this discourse? What is in the best interest of the physical and 
mental health of populations around the world? How are we, as nations, cities, and 
neighborhoods, welcoming and empowering our new neighbors?

References

 1. Edwards A. Forced displacement at record 68.5 million. 2018. https://www.unhcr.org/news/
stories/2018/6/5b222c494/forced-displacement-record-685-million.html. Accessed 16 Dec 
2018.

 2. Dragostinova T. On ‘strategic frontiers’: debating the borders of the post-second world war 
Balkans. Contemp Eur Hist. 2018;27(3):387–411. https://doi.org/10.1017/S09607773180 
00243.

 3. El-Gamal A. Protecting Syrian refugees: short term solution to unsustainable burden and the 
necessity of eliciting aid from the global north. Georget Immigr Law J. 2017;31(3):597.

 4. UNHCR. Figures at a Glance. 2001–2009. UNHCR.org. Accessed 12 Nov 2019.
 5. Hyland S.  Hacer América and the American dream: global migration and the Americas. 

Origins. 2015. 8(8).

3 Transforming Well-Being for Refugees and Their Communities…

https://www.unhcr.org/news/stories/2018/6/5b222c494/forced-displacement-record-685-million.html
https://www.unhcr.org/news/stories/2018/6/5b222c494/forced-displacement-record-685-million.html
https://doi.org/10.1017/S0960777318000243
https://doi.org/10.1017/S0960777318000243


48

 6. United States Holocaust Memorial Museum. https://www.ushmm.org/. Accessed 6 Feb 2019.
 7. U.S. Refugee Admissions Program (USRAP). Consultation and worldwide processing priori-

ties. USCIS.gov. Last updated 03 May 2019.
 8. International Rescue Committee. How the U.S. vetting and resettlement process really works. 

2019. Rescue.org. Accessed 12 Nov 2019.
 9. Cowger S, Bolter J, Pierce S. The first 100 days: summary of major immigration actions taken 

by the trump administration. Washington, DC: Migration Policy Institute; 2017.
 10. Karasapan O. Refugees, migrants, and the politics of fear. 2017. https://www.brookings.edu/

blog/future-development/2017/04/12/refugees-migrants-and-the-politics-of-fear/. Accessed 6 
Feb 2019.

 11. U.S. Department of State. Proposed refugee admissions for fiscal year 2019. 2018. https://
www.state.gov/j/prm/releases/docsforcongress/286157.htm. Accessed 12 Dec 2018.

 12. Amnesty International. Amnesty international report 2017/18: state of the world’s human 
rights. London: Amnesty International; 2018.

 13. Kirmayer LJ, Narasiah L, Munoz M, Rashid M, Ryder AG, Guzder J, Hassan G, et al. Common 
mental health problems in immigrants and refugees: general approach in primary care. CMAJ. 
2011;183(12):E959–67. https://doi.org/10.1503/cmaj.090292.

 14. Polcher K, Calloway S. Addressing the need for mental health screening of newly resettled 
refugees: a pilot project. J  Prim Care Community Health. 2016;7(3):199–203. https://doi.
org/10.1177/2150131916636630.

 15. Shannon PJ, Wieling E, McCleary JS, Becher E. Exploring the mental health effects of politi-
cal trauma with newly arrived refugees. Qual Health Res. 2015;25(4):443–57. https://doi.
org/10.1177/1049732314549475.

 16. Giorgia D. Rethinking Well-being: from contexts to processes. Int J Migr Health Soc Care. 
2010;6(2):3–14. https://doi.org/10.5042/ijmhsc.2010.0606.

 17. Martin-Baro I. Political violence and war as causes of psychosocial trauma in El Salvador. Int 
J Ment Health. 1989;18(1):3–20. https://doi.org/10.1080/00207411.1989.11449115.

 18. Maynard KA. Rebuilding community: psychosocial healing, reintegration, and reconciliation 
at the grassroots level. In:  Rebuilding societies after civil war: critical roles for international 
assistance. Boulder: Lynne Reinner; 1997.

 19. Silove D. The ADAPT model: a conceptual framework for mental health and psychosocial pro-
gramming in post conflict settings. Intervention. 2013;11(3):237–48. https://doi.org/10.1097/
WTF.0000000000000005.

 20. International Institute of Buffalo. https://iibuffalo.org/. Accessed 4 Sept 2018.
 21. George M. A theoretical understanding of refugee trauma. Clin Soc Work J. 2010;38(4):379–

87. https://doi.org/10.1007/s10615-009-0252-y.
 22. Griswold KS, Pottie K, Kim I, Kim W, Lin L. Strengthening effective preventive services for 

refugee populations: toward communities of solution. Public Health Rev. 2018;39(1):3. https://
doi.org/10.1186/s40985-018-0082-y.

 23. Pottie K, Greenaway C, Feightner J, Welch V, Swinkels H, Rashid M, Narasiah L, et  al. 
Evidence-based clinical guidelines for immigrants and refugees. CMAJ. 2011;183(12):E824–
925. https://doi.org/10.1503/cmaj.090313.

 24. University at Buffalo Global Health Equity. The value of refugees and interpreters as stan-
dardized patients for interprofessional education. https://www.buffalo.edu/globalhealthequity/
global-projects/refugeehealthandwellbeing/buffalo/the-value-of-refugees-and-interpreters-as-
standardized-patients-for-interprofessional-education.html. Accessed 4 Sept 2018.

 25. Malkki LH. Refugees and exile: from “refugee studies” to the national order of things. Annu 
Rev Anthropol. 1995;24(1):495–523. https://doi.org/10.1146/annurev.an.24.100195.002431.

 26. Sampson R, Gifford SM. Place-making, settlement and well-being: the therapeutic landscapes 
of recently arrived youth with refugee backgrounds. Health Place. 2010;16(1):116–31. https://
doi.org/10.1016/j.healthplace.2009.09.004.

K. Griswold et al.

https://www.ushmm.org/
https://www.brookings.edu/blog/future-development/2017/04/12/refugees-migrants-and-the-politics-of-fear/
https://www.brookings.edu/blog/future-development/2017/04/12/refugees-migrants-and-the-politics-of-fear/
https://www.state.gov/j/prm/releases/docsforcongress/286157.htm
https://www.state.gov/j/prm/releases/docsforcongress/286157.htm
https://doi.org/10.1503/cmaj.090292
https://doi.org/10.1177/2150131916636630
https://doi.org/10.1177/2150131916636630
https://doi.org/10.1177/1049732314549475
https://doi.org/10.1177/1049732314549475
https://doi.org/10.5042/ijmhsc.2010.0606
https://doi.org/10.1080/00207411.1989.11449115
https://doi.org/10.1097/WTF.0000000000000005
https://doi.org/10.1097/WTF.0000000000000005
https://iibuffalo.org/
https://doi.org/10.1007/s10615-009-0252-y
https://doi.org/10.1186/s40985-018-0082-y.
https://doi.org/10.1186/s40985-018-0082-y.
https://doi.org/10.1503/cmaj.090313
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo/the-value-of-refugees-and-interpreters-as-standardized-patients-for-interprofessional-education.html
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo/the-value-of-refugees-and-interpreters-as-standardized-patients-for-interprofessional-education.html
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo/the-value-of-refugees-and-interpreters-as-standardized-patients-for-interprofessional-education.html
https://doi.org/10.1146/annurev.an.24.100195.002431
https://doi.org/10.1016/j.healthplace.2009.09.004
https://doi.org/10.1016/j.healthplace.2009.09.004


49

 27. Coughlan R, Hermes SE. The palliative role of green space for Somali bantu women refugees 
in displacement and resettlement. J Immigr Refug Stud. 2016;14(2):141–55. https://doi.org/1
0.1080/15562948.2015.1039157.

 28. Bauman Z. In the lowly nowherevilles of liquid modernity: comments on and around Agier. 
Ethnography. 2002;3(3):343–9. https://doi.org/10.1177/146613802401092788.

 29. Rangkla P. Refuge and emplacement through Buddhism: Karen refugees and religious prac-
tices in a northwestern border town of Thailand. Asia Pac J  Anthropol. 2013;14(1):8–22. 
https://doi.org/10.1080/14442213.2012.743581.

 30. Lems A. Placing displacement: place-making in a world of movement. Ethnos. 2016;81(2): 
315–37. https://doi.org/10.1080/00141844.2014.931328.

 31. Kibreab G. Revisiting the debate on people, place, identity and displacement. J Refug Stud. 
1999;12(4):384–410. https://doi.org/10.1093/jrs/12.4.384.

 32. Turton D. The meaning of place in a world of movement: lessons from long-term field research 
in southern Ethiopia. J Refug Stud. 2005;18(3):258–80. https://doi.org/10.1093/refuge/fei031.

 33. Xenos N. Refugees: the modern political condition. Altern Glob Local Politi. 1993;18(4):419–
30. https://doi.org/10.1177/030437549301800401.

 34. Glick Schiller N, Çağlar A. Displacement, emplacement and migrant newcomers: rethinking 
urban sociabilities within multiscalar power. Identities. 2016;23(1):17–34. https://doi.org/10.1
080/1070289X.2015.1016520.

 35. Easthope H.  A place called home. Hous Theory Soc. 2004;21(3):128–38. https://doi.org/ 
10.1080/14036090410021360.

 36. Brun C. Reterritorializing the relationship between people and place in refugee studies. Geogr 
Ann Ser B Hum Geogr. 2001;83(1):15–25.

 37. Wilson MJ. ‘Making space, pushing time’: a Sudanese hip-hop group and their wardrobe- 
recording studio. Int J Cult Stud. 2012;15(1):47–64.

 38. Resilience and coping. 2011. https://refugeehealthta.org/physical-mental-health/mental-
health/adult-mental-health/resilience-and-coping/. Accessed 4 Sept 2018.

 39. Griswold K, Kim I, Scates J.  Building a community of solution with resettled refugees. 
J Community Med Health. 2016;6:404. https://doi.org/10.4172/2161-0711.1000404.

 40. Hautaniemi P. Fugitive memories. How young Somali men recall displacements and emplace-
ments in their childhood. Anthropol Yearb Eur Cult. 2006;15:77–91.

 41. Dryden-Peterson S. The educational experiences of refugee children in countries of first asy-
lum. Washington, DC: Migration Policy Intsitute; 2015.

 42. Roy L, Roxas K. Whose deficit is this anyhow? Exploring counter-stories of Somali bantu 
refugees‘ experiences in “doing school”. Harv Educ Rev. 2011;81(3):521–42. https://doi.
org/10.17763/haer.81.3.w441553876k24413.

 43. Bronstein I, Montgomery P. Psychological distress in refugee children: a systematic review. 
Clin Child Fam Psychol Rev. 2011;14(1):44–56. https://doi.org/10.1007/s10567-010-0081-0.

 44. Bogic M, Njoku A, Priebe S. Long-term mental health of war-refugees: a systematic litera-
ture review. BMC Int Health Hum Rights. 2015;15(1):29. https://doi.org/10.1186/s12914- 
015-0064-9.

 45. Muir J, Gannon K. Belongings beyond borders: reflections of young refugees on their rela-
tionships with location. J Community Appl Soc Psychol. 2016;26(4):279–90. https://doi.org/ 
10.1002/casp.2260.

 46. Ager A. Feedback. Dev Pract. 1997;7(4):402. https://doi.org/10.1080/09614529754198.
 47. Taylor JE, Filipski MJ, Alloush M, Gupta A, Rojas Valdes RI, Gonzalez-Estrada E. Economic 

impact of refugees. Proc Natl Acad Sci. 2016;113(27):7449–53. https://doi.org/10.1073/pnas. 
1604566113.

 48. d’Albis H, Boubtane E, Coulibaly D. Macroeconomic evidence suggests that asylum seekers 
are not a “burden” for Western European countries. Sci Adv. 2018;4(6):eaaq0883.

 49. Mayda AM. The labor market impact of refugees: evidence from the U.S. resettlement pro-
gram. Washington, DC: United States of America Department of State; 2017.

3 Transforming Well-Being for Refugees and Their Communities…

https://doi.org/10.1080/15562948.2015.1039157
https://doi.org/10.1080/15562948.2015.1039157
https://doi.org/10.1177/146613802401092788
https://doi.org/10.1080/14442213.2012.743581
https://doi.org/10.1080/00141844.2014.931328
https://doi.org/10.1093/jrs/12.4.384
https://doi.org/10.1093/refuge/fei031
https://doi.org/10.1177/030437549301800401
https://doi.org/10.1080/1070289X.2015.1016520
https://doi.org/10.1080/1070289X.2015.1016520
https://doi.org/10.1080/14036090410021360
https://doi.org/10.1080/14036090410021360
https://refugeehealthta.org/physical-mental-health/mental-health/adult-mental-health/resilience-and-coping/
https://refugeehealthta.org/physical-mental-health/mental-health/adult-mental-health/resilience-and-coping/
https://doi.org/10.4172/2161-0711.1000404.
https://doi.org/10.17763/haer.81.3.w441553876k24413
https://doi.org/10.17763/haer.81.3.w441553876k24413
https://doi.org/10.1007/s10567-010-0081-0
https://doi.org/10.1186/s12914-015-0064-9
https://doi.org/10.1186/s12914-015-0064-9
https://doi.org/10.1002/casp.2260
https://doi.org/10.1002/casp.2260
https://doi.org/10.1080/09614529754198
https://doi.org/10.1073/pnas.1604566113
https://doi.org/10.1073/pnas.1604566113


50

 50. Maxmen A. Migrants and refugees are good for economies. Nature. 2018. https://doi.org/10. 
1038/d41586-018-05507-0.

 51. Betts A, Bloom L, Kaplan JD, Omata N. Refugee economies: forced displacement and devel-
opment. 1st ed. Oxford: Oxford University Press; 2016.

 52. Jewish Family Service of Buffalo & Erie County. Western New York Center for Survivors of 
Torture. http://www.jfsbuffalo.org/wny-survivors-center-. Accessed 4 Sept 2018.

 53. West Side Bazaar. https://www.westsidebazaar.com/. Accessed 4 Sept 2018.
 54. Buffalo String Works. https://www.buffalostringworks.org/. Accessed 4 Sept 2018.
 55. Stitch Buffalo. https://www.stitchbuffalo.org/. Accessed 4 Sept 2018.
 56. Facebook. World refugee day in western New  York. https://www.facebook.com/World 

RefugeeDayBuffalo/. Accessed 4 Sept 2018.
 57. City of Buffalo. Office of new Americans. https://www.buffalony.gov/422/Office-of-New-

Americans. Accessed 4 Sept 2018.
 58. Partnership for the Public Good. Collaboration, communication and community-building: a 

new model of policing for 21st century Buffalo.
 59. University at Buffalo Jacobs School of Medicine and Biomedical Sciences. Human rights ini-

tiative. http://medicine.buffalo.edu/about/community_outreach/human-rights-initiative.html. 
Accessed 4 Sept 2018.

 60. University at Buffalo Global Health Equity. Refugee health and wellbeing in Buffalo. https://
www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo.
html. Accessed 4 Sept 2018.

 61. Jericho Road Community Health Center. https://www.jrchc.org/. Accessed 4 Sept 2018.
 62. International Justice Resource Center. Asylum and the rights of refugees. https://ijrcenter.org/

refugee-law/. Accessed 4 Sept 2018.

K. Griswold et al.

https://doi.org/10.1038/d41586-018-05507-0
https://doi.org/10.1038/d41586-018-05507-0
http://www.jfsbuffalo.org/wny-survivors-center-
https://www.westsidebazaar.com/
https://www.buffalostringworks.org/
https://www.stitchbuffalo.org/
https://www.facebook.com/WorldRefugeeDayBuffalo/
https://www.facebook.com/WorldRefugeeDayBuffalo/
https://www.buffalony.gov/422/Office-of-New-Americans
https://www.buffalony.gov/422/Office-of-New-Americans
http://medicine.buffalo.edu/about/community_outreach/human-rights-initiative.html
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo.html
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo.html
https://www.buffalo.edu/globalhealthequity/global-projects/refugeehealthandwellbeing/buffalo.html
https://www.jrchc.org/
https://ijrcenter.org/refugee-law/
https://ijrcenter.org/refugee-law/


51© Springer Nature Switzerland AG 2020
K. H. Smith, P. K. Ram (eds.), Transforming Global Health, 
https://doi.org/10.1007/978-3-030-32112-3_4

Chapter 4
Interactive Systems in Nutrition: 
Perspectives from Epidemiology, 
Veterinary Science, Nutrition, 
Anthropology, and Community Health

Laura E. Smith, Roseanne C. Schuster, Sarah E. Dumas, 
and Brendan T. Kerr

 Introduction

Nutrition is a complex and multifaceted influencer of health. Everything we con-
sume, from a sip of water, to those green beans from a community garden, to that 
egg you had for breakfast are components of nutrition. But what are the factors that 
influence your nutrition, and, in turn, your health? Consider every choice you make 
around what you eat. You probably consider personal preference and nutritional 
value of the food, but what determines the food available to eat? And what deter-
mines your ability to access that food? It turns out that nutrition is influenced by a 
constellation of factors that exist within a dynamic and interacting system. In this 
chapter, we consider three broad components of this system, land, food, and the 
body, in the context of child malnutrition (Fig. 4.1).

 Malnutrition and Stunting: A Global Problem

Child malnutrition underlies half of all global deaths in children, causes life-long 
negative health effects, and hinders the economic potentials of both individuals and 
entire societies. Malnourished children face higher mortality rates, are more 
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 vulnerable to and more likely to die from infection, and have delayed recovery when 
they get sick.

One indicator of malnutrition is stunting, or low height-for-age. Stunted children 
are of a height below two standard deviations from the average height among chil-
dren of the same age and sex. This means stunted children are below the normal 
height range, and are suffering from delays in their physical, and subsequently their 
neurocognitive, development. Stunting is caused by a variety of socio-economic, 
environmental, and nutritional factors, with nutrition long thought to be chief among 
them. The majority of stunting occurs during the first 1000 days of life from concep-
tion to age two, a period of rapid growth and development. Insufficient nutrients and 
disease during this period can lead to growth faltering that is largely irreversible, 
and can influence the entire life-course of a child, from increased mortality and 
reduced school achievement in childhood, to lower economic productivity in 

Fig. 4.1 Conceptual framework and examples among body, food, and land. (Source: concept: 
Laura Smith; graphic design: Nicole C. Little)
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 adulthood [1]. Once established, stunting is largely irreversible and prevention is 
therefore critical.

The Food and Agriculture Organization (FAO) estimated that 149 million chil-
dren under 5 years old globally are stunted, as of 2018 [2]. Stunting disproportion-
ately affects children in South Asia, Eastern and Southern Africa, and West and 
Central Africa, where approximately one in three children are stunted. While stunt-
ing and malnutrition are still large threats to the health of children globally, the 
percentage of children under 5 who are stunted globally has dropped from one-third 
in 2000 to one-fourth in 2017. Although the improvement is profound, we need to 
be mindful that still 21.9% of children remain stunted today [3] and there are still 
many factors that need to be considered reduce the prevalence of stunting, globally 
(Fig. 4.2).

 Current Approaches and Challenges of Nutritional 
Interventions

Historically, malnutrition has been thought of as solely a problem of insufficient 
nutrient intake. The majority of interventions that have been enacted in global com-
munities to prevent malnutrition and stunting have been nutrition-specific interven-
tions, which specifically target the immediate determinants of malnutrition, by 

Fig. 4.2 Stunting in children under five globally in 2017. Stunted children are more likely to have 
poor academic performance, motor development, immune function, cognitive ability, and eco-
nomic outcomes in adulthood. (Source: Laura Smith)
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supplementing the nutrition of participants. Nutrition-specific interventions can 
include promotion and support of breastfeeding, fortification of foods, provision of 
micronutrient supplements in individuals, and treating those with severe malnutri-
tion [4]. This approach is effective for treating micronutrient deficiencies, but often 
fails to influence more complex and multifactorial outcomes, like chronic malnutri-
tion or stunting. For these broader issues nutrition-sensitive interventions are more 
effective, considering the broad influencers of nutrition and the dynamic system 
surrounding it by focusing on factors like agriculture, social safety nets, early child 
development, schooling, and economic empowerment, alongside nutrition. 
Unfortunately, nutrition-sensitive interventions are still relatively novel and require 
greater resources to carry out than the relatively simple nutrition-specific interven-
tions, so the effects of nutrient-sensitive interventions remain understudied [5].

Recently, researchers who study childhood malnutrition estimate that if existing 
nutrition-specific interventions were to expand their coverage to 90% coverage in 
the 34 countries with 90% of the global stunting burden, there would only be a 20% 
decline in stunting. The other 80% of the stunted population would remain stunted, 
due to factors other than those addressed by the nutrient-specific interventions. This 
reduction would only cover half of the United Nation’s Sustainable Development 
Goal to reduce stunting globally by 40% by 2025, and end malnutrition globally by 
2030. This “impact gap” highlights the need for nutrition-sensitive interventions 
which focus on outside factors and the dynamic system influencing nutrition [6].

 Body: Health and Well-Being

When we consider the body, we are largely considering the health and well-being of 
an individual. The World Health Organization (WHO) defines health as a “state of 
complete physical, mental, and social wellbeing and not merely the absence of dis-
ease or infirmity.” Well-being focuses on the biological state, specifically illness and 
mortality, but also refers to an individual’s means or ability to lead an active, healthy 
life [7]. A broader use of well-being will consider well-being in the context of social 
and cultural environments, or necessitate that the state of well-being be sustainable 
over time [8]. Different forms of well-being are within the broader concept of 
health [9].

Health and well-being shape how people interact with concepts of food and land. 
For example, a farmer who is ambulatorily disabled from a childhood illness could 
have difficulty working the land, gaining access to different resources, or maintain-
ing a stable income for adequate nutritional security. The farmer would suffer from 
additional health problems stemming from reduced access to nutritious foods, addi-
tional resources, and economic prosperity. Health and well-being affect economic 
productivity and ability to get out of poverty trap.

It is important to consider other factors on multiple levels affecting the body as 
well. Health and well-being are influenced by individual (e.g., vaccination status, 
gender, age, education), household (e.g., socio-economic status, caregiving behav-
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iors), health service (e.g., availability, access, quality, ability to identify illness), 
environmental (e.g., pollutants), and societal/governmental (e.g., political infra-
structure, governance) factors, along with innumerable other factors that influence 
health. These distal factors feed into the complex and dynamic web, and make the 
task of addressing malnutrition difficult to do without considering numerous factors 
and effects.

 Food: Food System, Decision-Making, and Food Security

When we conceptualize food in relation to nutrition we cannot solely consider diet, 
we must also consider broader factors like the overall food system, nutritional secu-
rity, and the decisions families make surrounding food. In this section, we will break 
down these concepts and describe the relationships food has with land and body.

A food system is a network of processes including food production, processing, 
distribution, storage, to its consumption and waste management. This also includes 
intangible elements that influence the system, including government policies and 
socio-cultural constructs. The food system has a large degree of influence on what 
foods are accessible and practical to prepare, store, and dispose of. Inadequate 
access can lead to nutritional deficits, especially if the accessible foods alone are not 
satisfactory sources of micronutrients. The food system can have a disproportionate 
effect on nutritional status in regions with poor infrastructure or economic out-
comes, and contribute to security of food. Food security, as defined at the World 
Food Summit in 1996, exists when “when all people, at all times, have physical and 
economic access to sufficient, safe and nutritious food that meets their dietary needs 
and food preferences for an active and healthy life” [10]. An unstable and insecure 
food system could prevent a household from maintaining a secure supply of nutri-
tious food and contribute to malnutrition and stunting in children.

Food decision-making on a household level involves the choices a household 
makes surrounding food, eating environments, family food policies, and strategies 
for mobilizing family food resources. Food decision-making at the household level 
is considered the most proximal system affecting child nutrition. Decisions made 
regarding food are affected by the food system and food security, along with food 
preparation knowledge and skills, available technology, household income, breast-
feeding practices, and availability of different foods throughout time.

Daily, individuals and households make thousands of small choices that go into 
major decisions, weighing a number of factors. Understanding this complex system 
requires an understanding of the individual or household within the complex sys-
tem. Households make decisions based on their objectives, endowments, and incen-
tives. To identify effective points to intervene in a system, a clear understanding of 
participants’ motivations is necessary. This includes reasons for joining groups, like 
sharing food or cooperative farming and hunting, and motivations to adopt new 
technologies or behaviors. In each of the observations, we must consider broader 
socio-economic issues as well.
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There are several stages to the decision-making process, each listed in Fig. 4.3 
[11]. The event spurring the need for this process, or the availability of alternate 
foods, could stem from the changes in the food system or the household’s nutri-
tional security. Additionally, nutritional security and food systems affect the 
decision- making surrounding food in a household, influencing availability, access, 
and economics surrounding food, in turn affecting cost–benefit analyses the family 
intrinsically performs.

 Land: Land Use, Resource Allocation, and Agricultural Food 
Production

Much like food, land cannot be conceptualized as just the physical environment. 
Land is the summation of the natural and developed environment, the policies and 
choices surrounding the usage of land, allocation of resources, and in the context of 
nutrition, agricultural food production.

In a special report, the intergovernmental panel on climate change defined land 
use as “the total of arrangements, activities, and inputs that people undertake in a 
certain land cover type” [12]. Alternatively, land use is the designation of space to a 
specific use by humans, like agriculture, waste management, housing, or resource 
extraction. Usually, the same plot of land cannot be allocated to separate and con-
flicting roles, leading to choices that need to be made on the allocation of land. 
Resource allocation, the designation of natural resources to a specific use by 
humans, is similarly limited in that an allotment of resources cannot be designated 
to separate and conflicting uses and also necessitates choices on use of limited 
resources.

The combination of decisions regarding of land use and resource allocation are 
important for agricultural food production, the cultivation of food for human or 
animal consumption. What foods are produced where, to what degree, and in what 
time frame are a function of the availability of land and natural resources for 

Fig. 4.3 Stages to the decision-making process. (Source: Laura Smith)
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 agriculture, and a variety of other factors including agronomic skills and knowl-
edge, availability of technology and fertilizer, animal ownership, susceptibility to 
pests and disease, and socio-cultural values. In turn, agricultural food production is 
often the first stage in the food system and contributes to the food stability in a 
region, exemplifying the complexity of this dynamic system that influences child 
malnutrition and other aspects of health.

 Multilevel Systems: Household, Community, National/Global

Achieving adequate nutrition and preventing child stunting requires cooperation 
among three complex and dynamic systems, on multiple ecological levels. The most 
proximal level to individual child nutrition would be the household level, the level 
which contains factors within a family or household unit and would include food 
production and soil quality on a household plot, household policies on food con-
sumption, or ability of household members to produce or prepare food. The com-
munity level, which consists of a group of households bound by geography, identity, 
or both, is the next most proximal. At this level, factors like community access and 
production of foods, local infrastructure, concentration of poverty, and community 
networks and safety nets are to be considered. The most distal level is the national/
global level, which encompasses national, international, and worldwide aspects of 
the food system. This could include federal decisions on food policy, international 
trade, gross domestic product, climate change, and agroecological zones. These fac-
tors within one level often feed into factors on another, influencing the status of 
nutrition in entire populations and in specific households.

 Livestock Ownership: Considering Land, Food, and Body

 What Is Livestock?

To illustrate the dynamic relationships between land, food, and the body surround-
ing nutrition we will discuss one component of this system that affects the lives of 
many small, rural farmers: livestock. Livestock are animals domesticated to produce 
food (e.g., meat, milk, eggs), materials (e.g., fiber, leather), and manure. Livestock 
contribute greatly to the livelihood of small farmers around the world, by serving as 
financial instruments for savings and risk protection, enhancing social status, and 
helping with manual labor (e.g., ploughing, transporting goods) [13]. Consequently, 
livestock cannot be treated simply as a commodity, because they serve multiple 
functions in and are integral to the farm household.
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 Challenges Facing Livestock Production and Cultivation

While the production of livestock can be lucrative and positive for small famers, 
livestock production can be challenging. Many considerations need to be made to 
successfully cultivate livestock. In tropical and arid regions, livestock face nutri-
tional constraints from the native grasses they consume, which generally have lower 
nutritive values, and from the limited amount of nutritious feed farmers can grow 
for their livestock, due to constraints on land ownership. Additionally, animal dis-
ease is a major impediment to successful livestock production. Trypanosomiasis, 
rinderpest, foot and mouth disease, contagious bovine pleuropneumonia, and bovine 
tuberculosis, for example, are all major diseases affecting cattle in sub-Saharan 
Africa and contribute to a significant loss in animal productivity. Moreover, disease 
is often associated with drought, putting farmers at significant risk of total asset 
loss, due to the combination of losses in crops and livestock. Animal loss is one of 
the key reasons behind small farmers falling into poverty, and animal loss preven-
tion needs to be considered for effective poverty prevention. An index-based live-
stock insurance program can help reduce the risk of falling into poverty from animal 
loss, and could alleviate the risks associated with livestock ownership [14].

Successful animal breeding is an important component of livestock production. 
Animals are often bred for specific traits (e.g., to produce more food, to be more 
efficient farm tools, to be more disease-, heat-, or drought-tolerant), but this often 
comes as a tradeoff for other desirable traits. For example, exotic cattle in the global 
south bred may be bred to produce more milk, but have a lower tolerance for 
endemic infectious disease. Additionally, focusing on a single trait may be efficient 
on a larger farm focused on producing a single commodity and has sufficient 
resources, but often fails on small farms which need animals to serve multiple pur-
poses. To illustrate, a breeding program for yaks in central Asia may focus on higher 
fiber production, but neglects to breed for traits that make the yaks ideal pack ani-
mals. This could lead the animals to be less useful to small farmers or pastoralists 
who need the yaks to produce wool and carry heavy loads.

 Land and Resources: A Network of Decisions Surrounding 
Livestock

Any livestock production effort requires a certain amount of land and natural 
resources to be successful and allocation of this limited resource creates a need to 
make tradeoffs. Does a farmer choose to own chickens, which could take up less 
land but are more vulnerable to predators? Does she choose to own a donkey who 
could need considerable amounts of food but could plough the fields? Or does she 
choose none at all? Considerations like land, food, and water availability, disease 
prevalence and susceptibility, specific needs of the farm (e.g., ploughing), or market 
forces all influence how the farmer will choose how to allocate her resources.
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Yet, these decisions are not always based on environmental or economic factors. 
As with all choices made by humans, social and cultural beliefs influence the deci-
sions made around land and livestock, which makes understanding farmer’s deci-
sions about livestock complicated because farmers are not solely maximizing 
income. Rather, farmers make decisions in a greater context of beliefs and the other 
uses of livestock which may often seem irrational to an economist. For example, a 
household may keep a hen long past the time when they can no longer produce eggs 
in order to slaughter it for a special occasion, like welcoming an honored guest or 
for a marriage. At this point, the chicken has an important social value and their 
economic value is difficult to quantify. In addition to social value, farmers have to 
consider the value of farm products (e.g., crop residuals) needed to support live-
stock and the relative importance of the work the animals do apart from material 
production (e.g., ploughing, pest control, nutrient cycling).

Some farms attempt to combine crop and livestock production in what is known 
as an integrated crop-livestock system. In this system, livestock provides “nutrient 
cycling” by producing manure or urine, which is used to fertilize crops, some of 
which in turn is used to feed the livestock. Nutrient cycling is such an important 
component of this system, that farmers rank manure as highly as milk as a desired 
product of raising livestock [15]. Often, livestock accelerate the process of nutrient 
cycling via digestion and excretion, returning nutrients to the soil quicker than if 
plants were allowed to decompose naturally. Nutrient cycling is also a means to 
import nutrients from other areas to the farm, because livestock often are fed feed 
from elsewhere or are allowed to graze on uncultivated land.

 Climate Change and Livestock

Increasing environmental stresses from climate change will limit the productivity of 
livestock. As resources become scarce, livestock will have to focus more energy on 
maintaining body weight and their health, rather than producing food or material for 
farmers. For example, an area which is transitioning to a semi-arid climate may lose 
nutritious grasses needed to support cattle, and thus smallholder farmers will lose 
access to the nutrient cycling provided by cattle, along with the milk and meat that 
would be produced by well-fed cattle.

Nomadic pastoralists also will not escape the effects of climate change. As 
droughts become more common, inherently unstable arid and semi-arid areas will 
not be able to support livestock and force pastoralists to search for suitable land. 
Pastoralists will migrate away from their traditional areas, and may spread defores-
tation and desertification via overgrazing, compounding upon the already substan-
tial environmental damage. Alternatively, pastoralists could become sedentary as 
they lose animals, and exhaust resources like water or suitable soil needed for 
agriculture.
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 Livestock and the Body: Health and Well-Being

Livestock can have significant impact on human nutrition and health through mul-
tiple pathways. Livestock can directly improve human nutrition by providing small-
holder farmers and rural communities with access to animal source foods (ASF) 
without the need to hunt. ASF provide a dense collection of nutrients hard to find in 
plant-based diets, including highly bioavailable amino acids, heme iron, vitamin 
B12, and zinc [16]. Furthermore, animal production can provide income and long- 
term financial security, allowing farmers the ability to purchase a more well-rounded 
and nutritious diet, education for their children, and adequate healthcare. In turn, 
access to healthcare can prevent health problems, one of the key reasons for falling 
into and keeping people in poverty [13, 17]. Finally, livestock ownership can 
empower women, especially the ownership of poultry and milk-producing animals. 
This allows women to have greater control over resources and decision-making 
linked to child nutritional outcomes. In these ways, livestock production can serve 
as a buffer against poverty and child malnutrition, in both direct and indirect ways.

Conversely, livestock can negatively influence health and well-being. Ownership 
of livestock can expose children to zoonotic pathogens, affecting their nutritional 
well-being via enteropathy and diarrheal disease. Maternal livestock ownership 
could also increase maternal time burden and energy demands, and influence the 
amount of time and energy they have to care for children. While these are important 
considerations about health and livestock ownership, the evidence for negative rela-
tionships is mixed and it is generally agreed that livestock is a positive influencer of 
health and well-being [13, 18].

 Water Insecurity: Considering Land, Food, and the Body

 Global Importance of Water

Water is essential to life. The average adult human body is composed of approxi-
mately 50-65% water in mass [19]. Adult women are estimated to meet needs for 
bodily function with an intake of 2.7 L of water from any source per day, with adult 
men requiring 3.7 L [20]. However, the human need for water is more expansive 
than merely physiological intake. The World Health Organization recommends a 
minimum of 20 L of safe water per person per day to meet basic personal and food 
hygiene needs, including sanitation and cooking [21]. Beyond these personal uses, 
water is required for household agriculture and income-generating activities, as well 
as within the broader systems for agriculture, manufacturing, transportation, energy, 
and other activities that are critical for food systems to support household and com-
munity nutritional needs.
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 Water and Land: Disparity and Conflict

Water is a major input in agriculture, thus water availability and allocation are criti-
cal influencers of the global food supply. Of the global water supply, only 2.5% is 
considered freshwater and <0.01% of all water is fresh and available for human use, 
in lakes, rivers, reservoirs, and easily accessible aquifers [22]. Along with other 
climatic and environmental factors, this limits what crops can be grown in which 
region and at what time of year [23]. Industrial agriculture and irrigation have miti-
gated this to a degree, however, freshwater scarcity and abundance continue to vary 
regionally and disparities are expected to be exacerbated by climate change.

Water access and allocation are major drivers of conflict worldwide, often driven 
by agricultural needs. Across sub-Saharan Africa, conflicts continue to emerge 
between pastoralists, who move livestock in search of good grazing land and water, 
and sedentary agrarians. This tension is recognized as one of the several drivers of 
the war in Darfur, Sudan. In many cases, conflicts over water use and rights are 
exacerbated by changing or unclear land rights.

To further illustrate, the Colorado River in the American Southwest supports 
nearly two million acres of farmland across an arid landscape. Demand for water in 
this region continues to grow, while supply is expected to diminish, in the context of 
projected drier and hotter climates. Thus, management of the Colorado River is a 
source of policy conflict among the Colorado River Basin States (Arizona, 
California, Colorado, New Mexico, Nevada, Utah, Wyoming) and northwestern 
Mexico. This has led to the Colorado River being one of the most “litigious” rivers 
globally [24].

 Water and Food: Decisions at the Household Level

With four billion people facing severe water scarcity for at least 1 month every year, 
households make many daily decisions to prioritize their water supply and meet 
their physiological, sanitation, and cooking water needs [25]. Similar to food 
decision- making, these choices a household makes—such as how and from where 
to obtain water and how to prioritize finite quantities to support all household 
needs—often include weighing important tradeoffs. For example, in contexts where 
household members—often women and children—travel long distances to a water 
source or must wait in long lines at water pumps, time spent acquiring water takes 
time away from income-generating activities. Potential income lost this way could 
be used to purchase nutritious food and lost time could have been used for house-
hold activities like food preparation.

In situations of water scarcity, families are faced with having to prioritize water 
for cooking, direct consumption, and other household needs like personal hygiene, 
livestock, and gardens. Households in Kenya report changing what foods they pre-
pare—such as cooking foods with less water requirements, cooking less nutritious 
foods, and decreasing diversity of foods consumed—when water is scarce [26]. In 
the dry season, households may be faced with the decision of whether to allocate 
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money typically used to purchase food, to purchase water. In the context of infant 
and young child feeding, time spent acquiring water has decreased women’s oppor-
tunities to breastfeed, and the stressed financial resources force women to provide 
fewer or less nutritious foods for children [27].

 Water and the Body: Health and Well-Being

Water insecurity is defined as “the inability to access and benefit from affordable, 
adequate, reliable and safe water for wellbeing and a healthy life” [28]. Each year, 
1.8 billion people drink unsafe water, including 582 million people relying on unim-
proved sources and surface water for household drinking, cooking, and hygiene 
[29]. Drinking or using unclean water for food preparation can directly lead to sick-
ness via infectious diseases (e.g., typhoid, cholera) or parasites (e.g., guinea worm, 
cryptosporidium) based in or spread through unsafe water [30]. Moreover, house-
holds lacking sufficient water to use for food preparation and personal hygiene may 
suffer from physical illness stemming from environmental contaminants that are not 
properly removed from food or the body using water.

Water also affects psychosocial health. Globally, women are typically most 
knowledgeable about water in their household and act as household water manag-
ers. Women may also bear the burden of water acquisition and the stress related to 
procurement of water. Worry and lack of sleep over about running out of water and 
navigating social relationships, in order to borrow water, have been documented in 
Latin America and sub-Saharan Africa [26, 31]. Psychosocial stressors are known to 
affect caregiving behaviors, which may in turn affect child nutrition and health in 
the household [32].

 Conclusion

As we have reviewed, nutrition is influenced by a complex, multilevel, dynamic, 
and interacting system of factors, which plays an important role in human health 
and childhood stunting. We considered the roles of “body,” “food,” and “land,” and 
how they interact with each other within this system. Body and well-being shape 
how the individual can interact with land and food systems and is a critical link 
between land use, food systems, and health. Understanding these complex systems 
highlights the need for multi-sectoral interventions to improve child malnutrition. 
The systems are interlinked, and to improve child health, it is important to intervene 
considering the linkages between the systems. Additionally, nutrition policies and 
systems occur at the household, community, national, and global levels. We have 
presented two examples, land use and water use to explore how body, food, and land 
interact. Programs and research programs must incorporate an understanding of 

L. E. Smith et al.



63

these interacting systems to address the challenges surrounding human nutrition, 
and the factors influencing it.

The Chicken or the Egg? An Intervention in Rural Zambia
Rural Zambia: Background

Inhabitants of Zambia’s Luangwa Valley region, most of whom rely on 
small-scale agriculture to get by, have long faced chronic poverty and food 
insecurity. This is driven by poor infrastructure and market access, inconsis-
tent rainfall, growing population, resource degradation, and economic reli-
ance on volatile cash crops. Smallholder farmers here are vulnerable to 
shocks, or events that threaten their economic well-being and stability (e.g., 
market collapse, drought), and in turn their health. Children in the region have 
limited access to animal source foods (ASF; meat, milk, and eggs), which are 
dense in the energy, protein, and micronutrients that children need to grow 
and develop, and 40% of children under the age of 3 years in the region are 
stunted [33]. Researchers proposed that improving poultry production in the 
region could help bolster farmer’s resilience and improve child nutrition out-
comes by diversifying income, empowering women, and increasing access 
to ASFs.

Why Poultry?
Poultry, which include chicken, duck, guinea fowl, and other domestic 

fowl, can provide farming households with a stable source of protein, energy, 
and micronutrients from the meat and eggs that they produce. They addition-
ally provide rural farmers with a “safety net” to cushion the impact of envi-
ronmental or economic shocks. They are low-input, meaning that they require 
little land, labor, or feed investments, making them more accessible to poor 
farmers than other types of livestock. Interventions to improve poultry pro-
ductivity may additionally empower women, as women are most commonly 
the primary caretakers of poultry and often have greater ownership and con-
trol over them compared to other livestock [34].

Yet, poultry production is not without its challenges. Flocks face high rates 
of mortality from endemic infectious diseases, predation, poor husbandry 
practices, and poor nutrition, which—along with the genetics of indigenous 
breeds—limits flock size and egg production. However, development pro-
grams can address these barriers to increase poultry outputs (e.g., growth, 
survival, and egg production) and maximize the benefits of poultry ownership 
for smallholder farming families.

Interventions
Two poultry development programs were established in the Luangwa 

Valley, and their impact on poultry outputs and family nutrition outcomes was 
evaluated. The first intervention aimed to build off the existing “backyard” or 
village poultry production system in the region. This program, involving 
5271 farmers, provided community vaccination against Newcastle disease 
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Chapter 5
Integrating Traditional and Modern 
Medical Practices: Perspectives 
from the History of Science and Medicine

James J. Bono

 Introduction

Seventeenth-century [European medical] travelers to China marveled at the astonishing 
prowess of local healers, and especially at their exquisite feel for the pulse. The uncanny 
accuracy of their diagnoses bordered on the incredible [1].

As historian of medicine Shigehisa Kuriyama tellingly reminds us, we have always 
lived in a world replete with multiple, independent, and yet effective, medical sys-
tems. Not surprisingly, then, there remains even today much to be learned of value 
to practitioners and their patients from efforts to integrate traditional and modern 
medical practices and health perspectives. Over the course of centuries, distinct 
medical systems have come into contact with one another to varying degrees and 
with different results. The movement of peoples over time and space—through, for 
example, trade routes, warfare, the spread of the world’s major religions, or the 
exigencies of sociopolitical, economic, or environmental change leading to forced 
or voluntary migrations—has continually shaped and reshaped practices, beliefs, 
goals, expectations, institutions, and the very roles signified by categories such as 
“patients” and “practitioners” that we associate with the presence and operation of 
established medical traditions. Few medical systems are “islands” unto themselves; 
interaction, change, appropriation, and a host of (positive, negative, or neutral) 
“symbiotic” relations mark historic and emergent exchanges among the world’s 
multiple medical systems and traditions.

Whether working globally or locally, health professionals are continually faced 
with increasingly complex and variable sets of beliefs, practices, and frameworks 
among patients they encounter in their own and in different communities and coun-
tries. For modern allopathic health and medical practitioners, it is fundamentally 
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important to recognize this fact, and to resist uncomprehending and dismissive 
 attitudes with respect to the beliefs, practices, and medical systems of “others.” The 
challenge of recognizing and responding appropriately to differences and different 
medical systems is not new: most importantly, those who persist may reap the 
reward of an expanded repertoire of techniques and modes of understanding vital to 
addressing the needs of all patients.

Whether or not we recognize it, the fact is that patients bring to their interactions 
with modern medicine a variety of beliefs, practices, and frameworks regarding 
bodies, health, illness, and healing. Depending upon the histories and circumstances 
of specific individuals from diverse communities, “traditional” medical systems and 
practices may play a significant role in shaping individual or collective beliefs, prac-
tices, and frameworks. Typically, allopathic professionals know little about tradi-
tional medical systems: about how those systems might affect patients with whom 
they interact professionally, and what to do should they become aware of individual 
patients’ adherence to such systems. While it is neither practical nor necessary for 
such professionals to become experts in a range of traditional medical systems, 
nonetheless, misalignments between patient and practitioner beliefs, practices, and 
systems typically result in one or more problems: miscommunication and misunder-
standing; recommendations that are at odds with patient understandings, beliefs, 
and/or values; mistrust leading possibly to anger and rejection of modern medicine; 
patient “non-compliance” coupled with deteriorating medical conditions and/or 
physician frustration, to cite some prominent consequences.

As an issue confronting global health care and equity, the effects of multiple, co- 
existing medical systems are complex and variable. In high-income, industrialized 
countries, indigenous systems of traditional medicine still exist. In addition, pat-
terns of immigration—including the resettlement of refugees from across the 
globe—have led to multiple, pluralized medical cultures co-existing, often silently, 
barely noticed by modern medical practitioners. Thus, two differential sets of chal-
lenges must be addressed: First, in countries with relatively robust “traditional” 
medical systems including large numbers of adherents among practitioners and 
patients. Second, in countries like the USA, where a great variety of indigenous and 
transplanted traditional medical systems exist—often unrecognized—as part of the 
cultural inheritance of multiple and diverse patient populations. Complicating this 
picture is the fact that, with different patient populations, knowledge of such sys-
tems and adherence to their practices, beliefs, and values vary tremendously from 
community to community, from family to family, from one generation to the next, 
and, of course, from one individual to another (Fig. 5.1).

Global Health and Modern Medicine: One Among Many

While a widespread presence, in many areas of the world modern allopathic medi-
cine remains a far from dominant actor, especially among non-elites and extra- urban 
populations. Where advocates of modern medicine and global health equity seek to 
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improve health outcomes in such settings, the challenges are often daunting. Take, 
for example, women’s and neonatal health. As one study soberly notes, “Maternal 
and neonatal health has received increasing attention as mortality rates refuse to fall 
in the poorest populations. More than two-thirds of all newborn deaths occur in just 
10 countries, the same countries in which more than 60% of maternal deaths occur.” 
[2] While overall such statistics have improved in recent years,  nonetheless, it 
remains advisable that in addressing and ameliorating such stark conditions, as this 
same study asserts, we “develop interventions that meet the health needs of disad-
vantaged women and newborn infants,” which, in turn, “requires knowledge of the 
context in which poorest families make decisions on their health.” [2] More explic-
itly still, a key obstacle to understanding such decision-making contexts and formu-
lating “appropriate interventions” is precisely the “lack of understanding of local 
beliefs and practices (and the reasons for them).” [2]

Tackling such problems and developing effective strategies and interventions, 
then, must begin with understanding contexts, practices, and meanings of health and 
health-related care among specific local populations in question. An important tool 
for achieving such goals is undertaking a “qualitative study of care practices and 
beliefs during pregnancy, birth, and postpartum.” [2] Importantly, the goal of such 
studies represents something far more robust than simply developing a general “cul-
tural competence” among advocates and providers of modern Western medicine. 
Rather than focusing upon some generalized and abstract notion of “culture,” such 

Fig. 5.1 Traditional Chinese Medicine being sold at market. (Source: Xi’an, China—Traditional 
Medicine Market, Joel, 2007, unmodified, CC BY-ND 2.0. Image: www.flickr.com/photos/jminn-
ick/522693227. License: https://creativecommons.org/licenses/by-nd/2.0/)
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studies aim instead to sort-out and understand the local contexts, practices, and 
beliefs among individuals and families. That is to say, rather than acting on pre-
formed assumptions based upon stereotypes of cultural beliefs and social norms, the 
key to such qualitative studies is to unearth how specific individuals and communi-
ties translate generalized beliefs and norms into localized beliefs, practices, and 
actions. Acquiring such knowledge and understanding always entails listening, 
observing, and nuanced interrogation. Rather than racing toward conclusions based 
upon partial (and presumptive) cultural understanding, the appropriate stance should 
be one of “hesitation”—of slowing-down in order to understand and before acting 
[3–5]. We shall return to this issue later in this chapter.

To achieve such goals in a nuanced and rigorous manner, the article cited pro-
vides a sample of some exemplary approaches. For one, beyond the views and prac-
tices embraced by centralized, and typically modernized, government health care 
systems, the authors describe and advocate the work of numerous researchers in 
multiple countries with at-risk populations in establishing “community level” part-
nerships with village representatives, “local women’s groups,” and such key actors 
as “female community health volunteers” and local practitioners, including those 
considered to be a “traditional healer.” [2] As the authors rightfully suggest, such a 
“participatory approach was also attractive because of its tolerance of diversity. 
Contextual differences within the study area might affect how an intervention is 
received. Participatory development practitioners believe that to transform society, 
local stakeholders should be active participants in problem identification, planning, 
implementation and evaluation.” [2]

In practice, this meant attending carefully to the roles played by a variety of 
actors—including those noted above—in seeking care for pregnant women and neo-
nates. Traditional healers, of course, bring to those seeking care selective aspects of 
indigenous medical systems: selective because in each instance the knowledge and 
practices brought to bear in a given case varies with the level of sophistication 
achieved by the practitioner in question. In rural Nepal, the study not surprisingly 
reports that in many cases a “healer who was a friend or relative was called first.” In 
cases where “the condition worsened,” those responsible for making decisions 
would then turn to a person with a reputation as a more sophisticated and knowl-
edgeable healer, who might well hail from a more distant village [2]. Even prior to 
seeking such professional advice, pregnant women and mothers of newborns would 
typically depend upon a hierarchy of decision-makers within their family: espe-
cially elders (e.g., mothers and mothers-in-law) whose views were informed by 
experience, by expertise in family remedies, and by their own localized variant of 
shared traditional knowledge of pregnancy, childbirth and neonatal health, and 
beliefs, concepts of health, illness, and the body and its vulnerabilities. As the 
authors note, the existence of multiple actors, of a hierarchy of decision-makers, 
and the circulation of beliefs and practices—in part traditional and shared; in part 
localized and variable—point to the “social nature of decision making during ill-
ness” in rural Nepal [2].

Of course, at any given moment and in any specific case, any number of cultural 
beliefs and practices may also come into play, all susceptible to individual and 
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localized variations: concerns over “pollution” or “uncleanliness”; “embarrassment 
or shame”; the perceived need to protect vulnerable individuals against others 
(strangers; “evil spirits”) [2]. All of these factors form the background to, and pre-
cede chronologically, any attempt to introduce modern allopathic medical interven-
tions. Indeed, the authors argue convincingly that any attempt to suggest the 
introduction of such interventions must take into consideration such backgrounds. 
Moreover, the implication of their study is that such a methodology can and should 
apply to other different, but analogous settings in a variety of countries and conti-
nents where local customs, beliefs, decision-making hierarchies, and traditional 
medical systems form the setting within which other actors seek to introduce 
modern medical interventions.

Key to the results of their study and attendant recommendations is operational-
izing the “participatory approach” that they deem vital to successful integration of 
traditional and modern medical approaches. Such operationalizing begins with 
seeking appropriate, context-dependent, “answers to four questions: (1) Who should 
implement the intervention? (2) What should the intervention address? (3) Who 
should be the major stakeholders in the intervention? and (4) what should the inter-
vention be?” [2]. In discussing these questions in the context of women’s and neo-
natal health in rural Nepal, let us cite a few major points raised by the authors: 
points that can, and we believe should, be generalized to many other analogous situ-
ations faced by global health advocates across the world. First, the authors note the 
important point that “an intervention should tackle delays in care seeking by 
addressing the familial context.” This seemingly unremarkable suggestion is easily 
ignored or forgotten in practice, with consequences that can be disastrous. Any 
number of cultural beliefs and attitudes—not just traditional medical beliefs—can 
prove to be barriers in seeking interventions beyond those provided by traditional 
medical practices. Of course, one structural component in care-seeking behavior, 
and therefore in seeking access to modern allopathic medicine, in many societies 
across the globe (including urban and industrialized settings) can be the status of 
women within families and within societies. With respect to their rural Nepalese 
families, the authors suggest that “Women’s low status in the home may affect their 
ability to act on existing or learned knowledge: it would take great courage and 
personal strength for her to challenge tradition.” The authors’ own intervention, 
then, recognizes and responds to such constraints by attempting to address “wom-
en’s empowerment” in culturally and socially nuanced ways. More specifically, they 
observe that “An intervention that directly challenges tradition … might be inap-
propriate.” This is precisely where “understanding of local contexts” as noted above 
must be combined with “good facilitation skills”—with careful, culturally and 
structurally competent, forms of communication and intervention strategies [2]. The 
formation of “groups of women” who collectively identified and discussed prob-
lems facing pregnant women and neonates and decided how to respond to possible 
new interventions from outside traditional beliefs and practices proved decisive and 
effective in enabling “a community-based, community-responsive intervention to 
be initiated” [2]. What results ensued? “In intervention areas,” the authors in con-
clusion report, “large reductions in neonatal mortality and maternal mortality were 
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observed, and there was increased care seeking for health problems. Care behaviors 
… also improved, and groups continued to meet regularly.” The key seems to be 
“building an intervention that is acceptable” [2].

Other studies echo and support many of the approaches and conclusions dis-
cussed above. Understanding the contexts of care—the hierarchy of care-givers, 
including traditional healers—and the dynamics of decision-making within families 
and localized communities; attention to obstacles affecting care-seeking behaviors 
and receptivity to modern allopathic medical systems, especially those rooted in 
cultural and religious beliefs and practices; developing models based on listening, 
on learning how to communicate effectively with diverse individuals and groups 
espousing a variety of traditional beliefs and practices; empowering individuals—
especially women and new or prospective mothers—by fostering participatory 
approaches to understand and change complex health-related behaviors through the 
organization of community-based discussion, support, and planning groups: some 
combination of these approaches seem to represent a growing wave of new and 
effective intervention strategies among recent field-based researchers. Indeed, such 
approaches offer the promise of significant, positive results not only in the case of 
Nepal highlighted earlier, but more broadly in India, Pakistan, South Asia, Africa, 
and Central America [6–13] (Fig. 5.2).

 Strangers in Strange New Lands? The Ubiquity of Modern 
Medicine within Pluralistic Urban-Industrial Landscapes

With declining child mortality and rising life expectancy, modern medicine has 
achieved global recognition in most highly industrialized and urban settings, sig-
naled not least by the sheer presence of massive medical research and clinical 

Fig. 5.2 Acupuncture at Taeyoungdang Oriental Medicine, a component of traditional Chinese 
medicine. (Source: Dongdaemun-gu, 2010; CC BY 2.0, SellyourSeoul. Image: www.flickr.com/
photos/sellyourseoul/4273475678. License: https://creativecommons.org/licenses/by/2.0/)
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complexes; extensive institutional, governmental, and governance structures; and, 
as a consequence, vast economic resources coupled with privileged social and cul-
tural authority. Taken together such highly visible complexes (hospitals, public and 
private research complexes) and behind the scenes institutions not readily visible to 
most ordinary citizens (e.g., government agencies, professional biomedical organi-
zations) testify to the power, prestige, and centrality of modern medicine. Yet, in the 
very shadows of such complexes and institutions, modern urban-industrial societies 
harbor diverse, plural populations embracing congeries of distinctive beliefs, prac-
tices, values, and stories regarding the body, health, illness, and well-being. Highly 
technologized practitioners of modern medicine must, again, continually acknowl-
edge and take account of the presence of patients with divergent views and compet-
ing systems of care if they are to achieve the goal of global health equity at home as 
well as within distant lands.

In some urban-industrialized settings, the presence of competing systems is a 
palpably visible and historically acknowledged fact. Within such settings (for exam-
ple, in Korea and Taiwan), institutions, health-care practitioners, and patients fre-
quently encounter differences and conflicts requiring negotiation, which may or 
may not result in accommodation [14–17]. Less visible and often ignored are the 
continued presence of pluralized, “traditional” beliefs—alternative views of the 
body, health, and disease; and health-care practices—in urban-industrialized set-
tings where the dominance of modern Western medicine appears virtually hege-
monic, most notably in the USA. While both sorts of settings present their own 
challenges, the second in particular proves especially difficult due to the relative 
invisibility of alternatives to mainstream modern medicalized understandings of 
health and illness. In what follows, we shall focus attention on the latter.

Nonetheless, it is worth noting that both kinds of settings offer the prospect of 
addressing the encounter between “modern” and “traditional” medical systems in 
two separate, though not mutually exclusive, ways: (1) a chiefly medical response 
that seeks first and foremost to assess the strengths and weaknesses of mainstream 
and alternative medical systems, either in a spirit of contestation, or one of emergent 
cooperation embracing an ideal of “integrative medicine” and (2) a patient-centered 
approach whose goal is to facilitate the best possible outcomes as mutually and 
cooperatively defined through careful listening, questioning, and narrative construc-
tion of the history and meaning of illness in ways that are capable of describing 
culturally responsive, and personally resonant (yet possible and pragmatic) trajecto-
ries for this individual patient and this specific illness.

While in some circles there is widespread interest in possibilities for integrating 
modern and traditional medical systems, such possibilities remain controversial, if 
not contentious, for much of mainstream Western academic medicine and its many 
practitioners. Comparative assessment of alternative medicine itself can be contro-
versial; certainly, no consensus has yet emerged, nor have we yet witnessed robust 
and ubiquitous commitments to such assessments. That said, the fact that the very 
term, “Integrative Medicine” (referring to actively pursuing pragmatic models for 
combining Western allopathic with “traditional” medical practices and therapies) is 
now well established—that there are centers or units designated for the study of 
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integrative medicine or medical therapies at such medical schools as the University 
of Arizona and Harvard University—points to a growing insistence that plural med-
ical approaches to health, illness, diagnosis, and therapy are desirable, of value to 
patients, and, indeed, necessary to promote health and well-being. On the one hand, 
as Dr. Andrew Weil notes, while openness to such efforts in the USA and China may 
be on the upswing, strong resistance remains, with the very notion of what counts as 
evidence clearly itself a matter of dispute [18]. Indeed, methodologies (such as 
Koch’s postulates from the late nineteenth century) for establishing causative agents 
in disease, or contemporary insistence on the need for evidence-based medicine, 
play precisely into a logic in which only those phenomena—and therapeutic 
results—for which we have established tools and technologies capable of uncover-
ing underlying “mechanisms” or revealing statistically persuasive relationships can 
be considered real. What such tried and tested approaches to knowledge-production 
rule out-of-bounds are exactly alternative forms of knowledge and “expertise” that 
champion the utility of phenomena, practices, and therapies that are not, or cannot 
be, studied in such ways.

In addition, Weil cites the case of “Latin America,” where “traditional herbal 
medicine and other forms of folk medicine are widely used.” Yet, he notes that, 
“these are completely separated from conventional medicine. There is no communi-
cation, no integration … in these Latin American countries, academic medicine and 
conventional medicine are very rigid, very closed to any other ways of thinking” 
[18]. On the other hand, in much of Europe and Australia efforts are under way to 
document, describe, criticize, and refine models for integrating traditional and mod-
ern medicine, especially in primary care settings—to understand and redefine their 
relationship as symbiotic [19].

While integrative medicine remains open to multiple systems of traditional med-
icine, for Weil and many others, attention not surprisingly focuses largely upon 
traditional Chinese medicine [20, 21]. As a robust system with a long and docu-
mented history, Chinese medicine presents modern Western medicine with the tes-
timony of longstanding practices providing experiential evidence of diagnostic and 
therapeutic successes. Those open to integrative approaches oftentimes see such 
practices and successes as complementary to modern Western medicine with the 
weaknesses of one system (e.g., pain management) complemented by the strengths 
of the other. Such complementarity should not be surprising and seems well worth 
serious attention by researchers and clinicians. As historian of medicine Shigehisa 
Kuriyama (cited earlier) has effectively argued, Chinese and Western medicine, 
respectively, employ differential techniques of seeing, feeling, observing, and 
describing the body in health and in illness that serve to capture diverse if not diver-
gent aspects—different empirical regularities, irregularities, and interrelation-
ships—of organs and bodies than the other system (Fig. 5.3).

While efforts to assess medically the encounter between traditional and modern 
medical systems and consequently arrive at consensus regarding their possible inte-
gration in theory and in practice remain ongoing and unresolved, if unquestionably 
important, there should be no question at all that modern Western medical practice 
must attend to the system of beliefs, conceptions of the body, health, and illness, and 
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the health-care practices associated with traditional medicine. For such beliefs, con-
cepts, and practices continue to circulate among diverse groups within the USA and 
elsewhere [22]. Despite various degrees of assimilation, we remain a heterogeneous 
nation comprised of the descendants of indigenous peoples, historic-era settlers, and 
waves of subsequent immigrants and refugees some more and some less removed 
from folk and traditional modalities of health beliefs, values, and practices. Whether 
deeply ingrained within patterns of traditional medical behaviors and beliefs rooted 
in a shared experience of a still cohesive community, or unselfconsciously and 
selectively adopting and adapting distantly remembered patterns inherited from 
one’s forebears, each one of us as individuals and patients brings our own distinc-
tive, if unarticulated, understandings of health, illness, and what constitutes appro-
priate care to our encounters with physicians and health-care providers. Such 
individualized views and practices shape our decisions and subsequent behaviors. 
Let us, then, conclude with discussion of how a patient-centered practice of modern 
medicine ought to respond to such challenges.

Fig. 5.3 Cupping with bamboo, a component of traditional Chinese medicine. (Source: Randy 
Adams, 2012, CC BY-ND 2.0. Image: www.flickr.com/photos/7830239@N06/2445098397. 
License: https://creativecommons.org/licenses/by-nd/2.0/)
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 Perspectives from the Health and Medical Humanities

Increasingly, the practice of medicine has come to be informed by perspectives 
championed by the health and medical humanities, with the latter’s emphasis 
upon eliciting the experience and meaning of illness serving as the basis for the 
mutual negotiation of care between patients and physicians especially in cases of 
chronic and serious illness [23–25]. Negotiating care builds on the capacity to 
listen and communicate effectively with patients in order to explore and appreci-
ate the goals of individual patients, the contexts shaping those goals, and the 
nature and sources of any barriers that stand in the way of effective communica-
tion and negotiation of care. Not surprisingly, the meaning and experience of ill-
ness vary from patient to patient, affected by a variety of factors, especially the 
patient’s beliefs and understanding, their past history, their social contexts and 
support networks, and the existence and perception of a host of vulnerabilities. 
Key to understanding patients and negotiating care, then, is eliciting and learning 
how to address such factors appropriately. Where patients’ beliefs about the body, 
health, and illness—including the meaning and experience of illness—vary dra-
matically from that of “mainstream” physicians and patients familiar to them 
(much more likely to be the case with patients raised within different, traditional 
medical systems and cultures of care) cultivating such techniques for negotiating 
care become all the more critical.

Advocates of “Narrative Medicine” appreciate the power of patients’ own 
implicit stories—the still emergent narrative trajectories of their lives together with 
challenges, threats, and possibilities posed by their illnesses [26–29]. Such emer-
gent life-stories shape patients’ experience of illness and work to construct the 
meanings they have for them. As a result, cultivating the ability to discern patterns 
in patients’ experience of and response to illness, coming to recognize the sources 
of concern, suffering, fear, hope—in short, the roots of the imagined meanings of 
their illnesses—prove invaluable to the narratively competent health-care provider. 
Often, negotiating care becomes a matter of working together with a patient to facil-
itate the adaptive re-imagining of their life-stories in the face of serious and chronic 
diseases that threaten to alter their trajectories.

Many illnesses pose such threats to patients. Yet, time and again, we can be sur-
prised both by what individual patients do or do not perceive as a threat, and why. The 
very existence, nature, and meaning of a threat are not themselves predictable. Two 
patients faced with the same diagnosis of cancer with similar prognoses are as likely 
as not to react in remarkably different ways. One patient faced with a chronic condi-
tion that limits mobility—or some other non-life threatening, yet consequential, func-
tion—may suffer terribly from such an emergent loss, where another may prove 
immune to suffering, adapting, instead, to changed circumstances. As no less a figure 
as Dr. Eric J. Cassell has noted, the reasons why patients suffer are multiple, rooted in 
their most fundamental sense of identity, and require that we talk with patients if we 
wish to understand and help [30, 31]. Here, then, is where histories and contexts mat-
ter. Here, in turn, is where the need arises to cultivate (and critically interrogate) what 
many have called “cultural competence” among health-care providers.
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But, what is cultural competence and what does it demand of the practitioner? 
We start with a commonplace: individual patients are members of communities, 
frequently members of multiple communities—an ethnic group or nationality; a 
religious community; a vocational or professional community; etc. As members of 
one or more community, each patient has access to entire repertoires of beliefs, 
concepts, practices, and values. Among these “cultural” elements we may include 
those associate with the body, health, illness, and well-being: as noted above, the 
degree to which they are shaped by inherited traditional medical systems depends 
on many factors. In any case, we have long recognized specific patterns of belief and 
practices regarding health and illness that have come to be attributed, for example, 
to members of specific immigrant communities and ethnicities [32–34]. Cultural 
competence certainly involves the ability to recognize the existence, operation, and 
effect of such cultural factors—including effects of traditional medical beliefs and 
practices—together with cultivating strategies for assessing their impact on indi-
vidual patients, while responding appropriately to them in ways that exemplify 
“narrative competence”: how they “fit” into patterns and life-stories unique to this 
patient who stands before us. Failing to do so could result in misunderstandings, 
misdiagnoses, and mismanagement of patients and their families in ways that may 
prove harmful, or even tragic.

However, we must also recognize what cultural competence does not, or should 
not, include. Most certainly, it does not demand that health-care providers be pro-
fessional anthropologists: that they be experts in one or more cultures, nor that they 
be experts in one or more traditional medical systems. A truly critical cultural com-
petence should instead hold up as an ideal the ability to recognize when a patient—
as an individual, and not as a mere stereotypical member of an ethnicity or 
“culture”—may adhere to beliefs or practices that diverge from “mainstream” mod-
ern medicine, and to assess when such commitments are consequential with respect 
to negotiating care and creating the conditions for the best possible outcome for the 
specific patient in question. Of course, the conditions affecting patient care and 
outcomes go beyond those critically apprehended and addressed by cultural compe-
tence alone. Often, structural factors—whether related to cultural factors such as 
those facing recent immigrant and refugee populations, or not—play a large role in 
patient access to care, to health-seeking behaviors, and to equity in health-care more 
generally. Poverty, housing, access to food, class and racial barriers, and a host of 
other structural factors must not be ignored: cultural competence is inadequate if not 
conjoined with structural competence [35, 36].

Finally, pursuing the goal of cultural competence should not and must not gener-
ate unintended consequences that serve to undermine effective care and genuinely 
dialogic negotiation between patient and practitioner. As the renowned medical 
anthropologist and physician, Arthur Kleinman (and co-author, Peter Benson) note:

One major problem with the idea of cultural competency is that it suggests culture can be 
reduced to a technical skill for which clinicians can be trained to develop expertise. The 
problem stems from how culture is defined in medicine, which contrasts strikingly with its 
current use in anthropology … Culture is often made synonymous with ethnicity, national-
ity, and language. For example, patients of a certain ethnicity—such as, the “Mexican 
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patient”—are assumed to have a core set of beliefs about illness owing to fixed ethnic traits. 
Cultural competency becomes a series of “do’s and don’ts” that define how to treat a patient 
of a given ethnic background. The idea of isolated societies with shared cultural meanings 
would be rejected by anthropologists, today, since it leads to dangerous stereotyping—such 
as, “Chinese believe this,” “Japanese believe that,” and so on—as if entire societies or 
ethnic groups could be described by these single slogans [37].

As noted at the very beginning of this chapter, few medical systems [if, indeed, 
any!] are “islands” unto themselves. Medical systems are inherently historical, 
dynamically changing, and symbiotic: when, by contrast, we treat them as mono-
liths—as silently, hegemonically, and invariably imposed upon individuals without 
regard for the multiplicity of possible meanings, interpretations, and practices that 
shape individuals’ understandings of medical knowledge and how they respond to 
medical advice—we do so at our, and our patients’, peril. As always, we must ask, 
rather than assume; we must listen, rather than pronounce; we must learn to formu-
late questions appropriately, and attend carefully to the nuances and individuality of 
what we hear from our patients (Fig. 5.4).

Fig. 5.4 Integration of traditional medicine and modern medicine. (Source: Nicole C. Little and 
James Bono)
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Field Research: Navigating Through Dhaka Medical College Hospital 
for Sexual Assault Examination and Support
With trepidation, the young woman kept shifting her gaze to the duty doctor 
at the Forensic Medicine Department, to me, and then to the notes the doctor 
was writing on the government prescribed medico-legal format. After getting 
the basic information of the patient/victim’s name, address, and current work/
education status, the doctor, originally trained in Ob/Gyn, started inquiring 
into the incident for which the patient was seeking legal recourse in the first 
place. The patient, a medical student herself, relayed a story of betrayal and 
manipulation in her marriage leading to unwanted sexual intercourse with her 
spouse, against whom she had filed the rape case. The husband was caught 
having an extra-marital affair earlier, leading to long drawn out family feud. 
He had no intention of leaving either of the women but lied to his wife on 
wanting to work on the marriage, persuading her to have intercourse with him 
with the hopes of her getting pregnant yet again (they already have two chil-
dren together) as a way of keeping her in the marriage.

The duty doctor’s eyes widened as she listened on to what sounded like a 
Hindi-series episode. Reality is truly stranger than fiction. After rechecking 
all the information with the earlier police report and the patient’s narrative, the 
doctor explained that she would need to carry out a physical examination. 
Both the patient and the doctor were well aware that no traces of spermatozoa 
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As seen in this case, the duty doctor, who knew the limitations of the two- finger test 
and the absence of marital rape in the legal system, went beyond her call of duty and 
provided unsolicited advice on how to get the husband into trouble with his current 
job. Where medical science, framed within archaic legal structures and understand-
ing of the female anatomy and sexuality, doctors find creative ways to address the 

or abrasion will be found since the case had come to the police far after the 
72 h cut off point and even later to the doctors. More so, both of them knew 
that given that the patient was married, the problematic “two-finger test” will 
fail this case because according to the established medico-legal examination 
procedure, the patient will be considered to be “habituated to sex” (as it is 
stated in the standard Forensic Medicine and Toxicology textbooks ascribed 
by the medical curriculum board), raising questions on the nature of consent 
at the time of intercourse.

As part of graduate research on public health responsiveness to violence 
against women, I carried out an extensive ethnography at the Forensic 
Department of Dhaka Medical College Hospital which provides a wide num-
ber of services to survivors from One Stop Crisis Center support to medico- 
legal examination at the Forensic Department to post assault treatment at the 
Women’s Clinic. Despite all the efforts on the part of the different ministries 
in Bangladesh to better respond to high rates of gender-based violence (GBV) 
incidents, the legal cases primarily hinge on the medico-legal examination 
that, during my fieldwork, continued to apply the two-finger test in determin-
ing the nature of vaginal penetration.

In 2014, the Bangladesh High Court repealed the much contested two- 
finger test, framed within the Penal Code 1860 and Evidence Act 1872, as the 
scientific procedure to determine forceful intercourse in the medico-legal 
examination process. High Court finally banned the two-finger test in April 
2018, with the line ministries having done very little work on what a new 
medico-legal framework would entail for all stakeholders, particularly the 
victim-patients.1 In the absence of a rape/sexual assault care guidelines, at the 
ground level, the two-finger examination process was not only the standard 
practice that generations of doctors were trained in, but also a point of entry 
for the forensic doctors to carry out a physical examination to concur with 
victim’s testament. Because consent is difficult to prove medically/biologi-
cally, and because doctors understand the limitations of the two-finger test, 
they combine both the physical examination along with detailed account of 
the incident from the side of the patient to demonstrate that some form of 
betrayal of trust or non-consensual incident had taken place.

1 “Victim-patient” is a term taken from Sameena Mulla’s work on forensic nurses and their use of 
photography in sexual assault evidence collection in USA.
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unique and complex cases of sexual assault that come into their examination room. 
In the end, I heard the doctor telling the young woman that your life is not yet 
over… “You will find someone and have a family in no time. Just concentrate on 
your studies. That’s all that matters.” Though the doctors lack a sense of sophistica-
tion and/or finesse in their patient–doctor relations, they provide “tough love” every 
day to the kaleidoscope of women and their unique cases. Importantly, however, the 
doctors are seemingly unaware of the complex set of uses that potentiate GBV, and 
in minimizing the problem, they offer few solutions, suggesting the need for support 
teams that consist of a variety of professionals in addition to doctors who can pro-
vide support to women experiencing violence: social workers, lawyers, and activ-
ists, and other medical health professionals such as nurses and mental health 
counselors. The case at hand is a depiction of how structural violence is located on 
the body, highlighting how institutions and support systems are inherently violence 
against women, deepening the culture and norms around GBV.

 A Compelling Global Problem

Gender-based violence (GBV) is defined by the United Nations as a human rights 
violation that disproportionately affects girls and women across the world [1]. 
According to the World Health Organization, GBV affects one in three women and 
one in five children, and includes physical and sexual violence, among others. The 
high prevalence of GBV—accompanied by a culture of impunity and normalization 
of violence—in turn creates a culture of fear for all women and girls. As demon-
strated in the previous narrative, GBV encompasses a range of practices—domestic/
familial, social, economic, political, cultural, or ideological, even epistemic. Some 
obvious examples of GBV include genital mutilation in Africa, dowry-related mur-
der in South Asia, sexual harassment on streets, and intimate partner violence at 
home. This is, however, not to suggest that GBV is germane to what is called the 
“Third World.” In fact, GBV is a global phenomenon with a variety of consequences 
for victimized, subjugated genders as well as for the oppressed at large. But as those 
examples highlight, most perpetrators of violence are known to victims, making it 
particularly complicated to tackle it as a social problem [2, 3].

Gender-based violence is connected to a host of other problems including los-
ing control over one’s body; long-term physical and mental health problems; 
reproductive health issues, including increased risk of unwanted pregnancies and 
HIV contraction; difficulties in forming and maintaining healthy relationships; 
substance abuse as a coping mechanism; higher odds of engaging in risky sexual 
behaviors and self-harm [4–7]. Moreover, factors associated with risk of perpetra-
tion as well as victimization include low levels of education, exposure to violence 
at home as a child, substance abuse, and negative, stereotypical views of women 
sanctioned and legitimized by the patriarchal culture itself [8–10]. Violence in all 
these instances also is not merely an individual-level concern; it has implications 
for families and communities. Indeed, the violence in question is known to be 
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transmitted intergenerationally as a learned behavior, and as a tool of exerting and 
maintaining control over others [11, 12].

In this chapter, we redefine GBV to accentuate the fact the question of gender 
ranges beyond the male/female binary. Thus, the continuum of ongoing violence 
perpetrated on different genders cannot simply be reduced to a few sites identified 
by liberal government and non-government organizations. We have included a glos-
sary (see Appendix) to assist readers new to this topic with terms used throughout 
the chapter. Second, we discuss drivers of and interventions against GBV. We do so 
through a case study of GBV in Bangladesh. Finally, we conclude with a discussion 
of emerging concepts, theories, and prospective interdisciplinary innovations to this 
global phenomenon. Specifically, we discuss how feminist approaches to policy 
development and the specific implementation in the field of education might pro-
vide a critically necessary and transformative mechanism for raising awareness 
about and ameliorating GBV.

 Gender-Based Violence

To begin, “gender is embedded in a range of social, political, cultural, and ideologi-
cal formations” [13, p., 101, 104]. Rather than being binary male-female, it includes 
trans men and women, as well as intersex and other forms of gender identities. 
Thus, it might be more accurate to speak of “gender” in the plural—genders. Though 
gender-based violence is documented to disproportionately affect females, GBV is 
indiscriminate across class, race, ethnicity, nationality, religious, and age lines [14, 
15]. We therefore define GBV as a range of overt and covert practices that discrimi-
nate against, subjugate, and oppress—in a variety of ways—individuals, based on 
their gender. It includes not only physical and sexual violence, but also emotional, 
verbal, intellectual, economic, and various coercive and controlling tactics such as 
threats, deprivation, surveillance, and degradation.

The core sites of GBV are the family, community, and state, including both pri-
vate and public spaces of the home, workplace, places of worship, and schools. 
Gender-based violence occurs in sociopolitical spaces under the interconnected sys-
tems of capitalism, imperialism/colonialism, racism, and patriarchy. The black fem-
inist theorist-activist bell hooks and Patricia Hill Collins, among others, calls them 
the “interlocked” systems of oppression that obtain and operate in—and affect—
both micro and macro sites [16]. We identify four areas in which such violence is 
located: land, labor, language, and the body [17]. In this chapter, we focus primarily 
on the body, but with the understanding that bodily violence does not exist in isola-
tion, but rather often intersects with the other loci, for instance, by way of  commercial 
exploitation, which can involve violence on the body via lack of access to sanitary 
conditions, threats to one’s life, and withholding of wages.

Though GBV is a worldwide phenomenon crossing all class and culture lines, 
violence against cis-gendered women has received more attention in the literature 
than others, even though trans women continue to experience violence in all sorts of 
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ways. Intimate partner violence (IPV) and to an extent non-partner sexual violence 
continue to be a primary focus in research focused on cis-gendered women [3]. As 
an example of intersectional oppression by race, sex, and nationality, neoliberal 
restructuring of the Global South has produced a limitless supply of cheap labor, 
that when coupled with restrictive immigration policy in the Global North, engen-
ders a market for labor and sex trafficking and other forms of commercialized vio-
lence [14]. Other types of violence, such as honor killings and genital mutilation, 
have received extensive attention as well, but mostly as examples of violence in 
“exotic” locations in Africa and South Asia, i.e., the Global South where rights of 
women are argued to be more limited than in the Global North [18].

International organizations such as the United Nations recognize the problem of 
gender-based violence through a variety of internationally ratified protocols and 
conventions, often framing it as an issue of gender inequality. This most recently 
was witnessed when GBV was deemed one of 17 Sustainable Development Goals 
in 2016, with the understanding that addressing gender inequality would improve 
the treatment of women, if not all genders, worldwide [19]. But, as Angela Davis 
rightly points out, the solution to the problem of GBV “must involve a conscious-
ness of capitalism, and racism, colonialism, and post-colonialities, and ability, and 
more genders that we can imagine, and more sexualities than we ever thought we 
could have” [13, p., 101, 104].

As the diagram below demonstrates, gender equality and GBV cannot be exam-
ined without an examination of its intersection with other forms of oppression. 
Though invisible and taken-for-granted, everyday cultural norms, mores, and prac-
tices are perpetuated by larger systems violence broadly conceptualized as struc-
tural violence (Fig. 6.1).

Fig. 6.1 Conceptual model showing how cultural norms are shaped by interlocked systems. 
(Source: concept: Nadine S. Murshid; graphic design: Nicole C. Little)
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 Why GBV Persists

Gender-based violence exists for several reasons and chief among these are the 
interlocked systems of oppression—patriarchy, capitalism, imperialism/(neo)colo-
nialism, and racism. We argue that GBV is integral to each system of oppression. 
Such systems variously produce and reproduce violence through micro, or individ-
ual acts and threats of, and macro or state actions that normalize violence [18]. 
McClintock, for example, posits how nationalism is framed in familial terms such 
as motherland and fatherland to create a space of “unity,” in the same way that the 
family is, which then sanctions gender difference and social hierarchy [20].

GBV also exists because of how the problem is framed. GBV typically is dis-
cussed as “violence against women.” This passive construction of violence holds 
out men as the sole perpetrator of violence. In framing GBV as a “women’s issue,” 
power dynamics that support and maintain GBV are overlooked. In doing so, such 
violence becomes a male problem or the problem of a couple of “good” men to 
solve. Thus, individual women, as opposed to larger society, are somehow respon-
sible for the violence they experience as they are the only identified actors in that 
construction [21]. This framing also often conflates GBV with “intimate partner 
violence,” or “domestic violence” in the public’s eye, obscuring different forms of 
and places within which gendered violence occurs [22].

The “exoticization” of certain kinds of violence as a way to create separation 
from those problems, as located in “distant” places, is yet another way in which 
violence is obscured. For instance, imagining violence in foreign lands blatantly 
erases how patriarchal cultural norms, along with the other systems of oppression, 
permeate and affect—even if unevenly—the entire world, from the USA to 
Bangladesh. Such exoticization erases more subtle forms of coercive control that 
occurs in countries like the USA, for instance, while it ignores the fact that patriar-
chy is the hegemonic power-relation that is institutionalized to the extent that sub-
ordination of women is the norm. Foregrounding certain places, particularly 
formerly colonized spaces as the only grounds of anti-women violence, makes it 
easy to erase the violence committed by colonizers and neocolonizers [23].

Indeed, there are even racist ways of talking about patriarchy and about the vio-
lence perpetrated on women, which, we argue, cannot really address the pervasive 
problem of gender-based violence. In the USA, for example, one in four women 
reports to be assaulted every year, which is only slightly lower than the global esti-
mate of one in three women. However, the racialized reading of patriarchy and 
women’s position in society makes it appear that violence against women is a non- 
problem in the USA, which then allows it to persist. In a study on Texas trafficking 
policy designed to educate teachers, counselors, and administrators about traffick-
ing, Lemke found that some legislative respondents discussed trafficking in ways 
that perpetuated troubling us-them dichotomies and were indicative of normative 
bias including that only certain female victims were worthy of law enforcement 
protection [14]. This finding is significant given legislative views on a specific form 
of gender-based violence directly affect trafficking legislation, and in this case what 
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educational practitioners might learn about this phenomenon. Further, violence is 
seen as a humanitarian crisis. Its portrayal in the media is mainly meant to evoke 
emotional responses in people.

Using the lens of intersectionality, we can also argue that gender-based violence 
is not only inevitable within the structures of oppression, but that it is exacerbated 
by other unequal social relations and subjugated identities, based on class, race, and 
sexuality, for instance—ones that in fact compound the effects of discrimination 
[24]. Further, in addition to unequal class, gender, and race relations, other asym-
metrical relations are also socially constructed and produced by nations. And all 
such unequal relations—which give rise to different forms of discrimination in soci-
ety—are often fraught with violence. In other words, violence is structurally pro-
duced and then obscured. This obscuring, non-neutral phenomenon allows violence 
to persist. However, just because women are deemed to be socially and politically 
subordinate to men, it does not mean all women have “equal shares or stakes in, or 
experiences of, the system itself,” nor are their perspectives and interests homoge-
nous [25, 26].

The Case of Bangladesh: Intimate Partner Violence as GBV
Bangladesh had to adopt structural adjustment policies imposed by the World 
Bank and the International Monetary Fund, as financial loans given to the 
country were profoundly tied with structural change that eventually led to 
changes in the very structure of the country’s economy. With rapid industrial-
ization in cities, and with what came to be known as the “Green Revolution” 
in rural areas, the migration of people from rural to urban areas became inevi-
table. In industrial production, based on the logic of a capitalist market econ-
omy, an overarching value is “control through domination.” This was indeed 
prioritized with industrialization, corresponding to the marginalization and 
denigration of women and social characteristics associated with women [27]. 
One example is the exploitation of female “low-skilled” workers, the high 
supply of whom drives down the labor price. On the other hand, the increase 
in women’s labor market participation, away from the home, results in the 
double burden of providing labor at home, such as child and elder care and 
household management, and at work.

This double burden decisively characterizes the predicament of women 
across social and economic boundaries, as does the threat to masculinity that 
occurs when women start earning their own incomes. This then leads to mul-
tiple levels of violence, from intimate partner violence (IPV) at home, and 
sexual harassment on the streets [28, 29]. In particular, gender role transform-
ing institutional interventions such as microfinance was first thought to be 
empowering until it became clear that there are unintended consequences in 
terms of IPV when women’s status rise poses a threat to men’s status [30]. 
Additionally, women’s increased presence in the public domain, amidst patri-
archal structures that are discriminatory and violent towards women, mean 
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 The Potential for Leveraging New, Under-Utilized, or 
Unexpected Disciplines/Approaches

Historically, legal and political institutions did not recognize nor aim to ameliorate 
gender-based violence (GBV) through public policy. Rather than view such vio-
lence as a problem affecting society, it was categorized as “women’s” problem. 
When various feminist factions mobilized officially to end institutionalized discrim-
ination around the globe, such factions often faced internal and external undermin-
ing by dominant societal and policy discourses premised upon liberal individualism 
[38, 39]. Assisted by religious moralists, victims of GBV, sexual or otherwise, tend 
to face accusation, denial, shaming, and official suppression rather than institutional 
empowerment [40].

According to Tong, female “oppression is not the result of individuals’ inten-
tional actions, but is the product of the political, social, and economic structures 
within which individuals live.” [41] Scholars suggest that improvements in status of 
women, de-normalizing violence, and poverty reduction are just a few of the ways 
GBV might be reduced [42]. One way to address GBV is to encourage those work-
ing in both public and private spheres to consider, adopt, and support the use of 
feminist praxis as a mode of daily social interaction. This means understanding that 
systems, policy, and practice fundamentally are not value neutral, but rather are 
sanctioned by power dynamics. Adopting such a view is argued to help buttress 
gender-equitable norms and behaviors at the individual and localized levels toward 
larger scale transformative change [43].

Within the field of psychology and social work, feminism-oriented practitioners 
have provided individual-level interventions or “direct services” for both women 
and others who experience violence. These services fall under three broad catego-
ries: crisis interventions, counseling by professionals, and medical and legal advo-
cacy, the latter being challenging given that most individuals who experience 
violence do not seek medical services or report their experience of violence to law 
enforcement. Direct practitioners who provide services to women experiencing vio-
lence have been advocating for what they call “comprehensive services.” This 
entails going “beyond meeting immediate crisis needs to supporting more in-depth 

that they are more likely to experience violence in all kinds of locations: at 
their workplaces, at factories, and on public transportation, to name a few.

Other drivers of GBV in Bangladesh include individual-level factors such 
as young age, low levels of education, income, and household wealth, as well 
as exposure to violence, justification of violence, and substance use [31–36]. 
Community-level factors include traditional gender norms and social norms 
that are based on religious ideology that are often focused on controlling the 
bodies of women [37]. Commodification and sexualization of women’s bod-
ies, amidst religion-sanctioned notions of what it means to be “pure and good” 
women create further avenues for their oppression.
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healing, empowerment, and integration of pre-assault and post-assault identity… 
informed by… neurobiological, social, and emotional impacts of trauma.” [44] This 
can be done by providing trauma-informed services and advocating for trauma- 
informed policy, that includes elements of safety, choice, collaboration, empower-
ment, transparency and accountability, and intersectionality [45].

In terms of addressing GBV through policy, feminist critical policy analysis 
(FCPA) could prove an insightful theoretical tool for advocates and practitioners 
working on the ground. Feminist policy analysis incorporates a distinct focus on 
how sex and gender are addressed within policy processes, toward the end of reveal-
ing value neutral, and taken-for granted values, when operationalized silence, 
undermine, and give the false appearance of addressing equity concerns. In review-
ing feminist policy studies, Hawkesworth, for example, demonstrated how the state 
maintains androcentric, impartial interpretations of equality to the detriment of 
females [46].

Finally, in the field of education, FCPA has been utilized to address various 
forms of gender disparity, discrimination, and violence. Concerned with gender 
inequity in policy and practices across the elementary, secondary, and higher educa-
tion pipeline, Marshall discussed FCPA as a tool for unpacking how policy creates 
and maintains male-normed systems—and when gender is a factor in such systems 
it often is one of contest and dispute [47, 48]. Shaw analyzed the gendered nature of 
welfare reform to understand roadblocks to postsecondary education experienced 
by 22 women [49]. Ackerman examined how gendered perceptions of child care 
workers shape low wages, quality, and worker access to policy agendas [50]. Using 
a feminist lens, Salinas and Reidel looked at how educational values in Texas favor 
business-power elites and undermine the Texas public education system as a whole 
[51]. Lemke used FCPA to interrogate human trafficking dynamics and whether a 
landmark Texas education policy on a specific form of gender violence fulfilled its 
promises, and based on that answer, what that meant for K-12 public education and 
trafficking policy more broadly [14, 52]. In light of the continued backlash against 
feminist research, leadership, and political advances, these studies and multiple 
other feminist analyses are keen to highlight the significance that a gendered lens 
brings to understanding GBV [47, 53–56].

 Conclusion

Bangladesh represents a specific geographic, sociopolitical, and economic context. 
Still, a feminist framing of GBV permits one, regardless of geographic location, to 
be attentive to political discourses, power, and how false consciousness legitimates 
the status quo. Such feminist, and as previously discussed, interdisciplinary fram-
ing, is instructive in their ability to highlight the ways that policy, practice, and vari-
ous disciplines can limit and/or reproduce power toward the end of reforming 
society.
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Given the deep penetration of mobile phones in Bangladesh, other practical ways 
by which GBV might be addressed includes mobile phone-based social messaging. 
Several mobile phone-based applications such as Maya Apa (which means elder 
sister) act as a messaging helpline for sexual and reproductive health problems for 
women. Through this app they also are provided help and resources for GBV. Such 
platforms are well-placed to be a useful resource for all genders in the future.

Another way to increase awareness about gender norms and GBV involves 
including men as part of empowerment programs such as microfinance organiza-
tions given they are deeply involved in the communities within which they work 
[57]. This does the following: (1) it directly becomes an avenue for sharing content 
and (2) indirectly includes men into microfinance programming and reduces the 
threat that they may experience when their partners access microfinance. This would 
be in line with previous research that shows that women often have to involve their 
partners in their micro businesses given that they do not receive any or adequate 
training in skills needed to become an entrepreneur, or, that they become microfi-
nance entrepreneurs at the behest of their husbands’ ambitions to start a business 
[57, 58].

Finally, connecting women, men, and other genders with education programs 
aimed at changing mindsets about gender roles and associated status also could 
occur. Such educational programming or a messaging campaign could focus on 
specific content that builds solidarity among women and other genders, while con-
comitantly transforming male dominated cultures of violence.

 Appendix

Table 6.1 Glossary of terms

Key terms Definition

Androcentric Either consciously or not, centered on males or masculine interests thereby 
marginalizing females or feminine interests

Cis-gendered When gender expression and identity are aligned with gender assigned at 
birth. It is argued the more they are aligned the more social privilege one 
receives

Commercialized 
exploitation

The act of being discriminatory, utilizing fraud, inducing fear, being 
coercive, or causing harm to benefit from another monetarily. The term is 
most associated with labor and sexual exploitation wherein exploiters aim 
to exact maximum monetary or nonmonetary gain from another through 
work or sexual acts

Culture of fear Refers to a perceived or actual presence of social and political discourse 
designed to instill fear of individuals, groups, actions, behaviors, and/or 
events toward some expected outcome and which may affect human 
interaction

Culture of 
impunity

Refers to the presence of discourse, behaviors, and/or actions that together 
create conditions that exempt individuals and/or groups from punishment 
for harmful actions, and in this case gender or sexual violence

(continued)
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Chapter 7
Gender, Disability, and Access to Health 
Care in Indonesia: Perspectives 
from Global Disability Studies

Michael Rembis and Hanita P. Djaya

 Introduction

Disability is a global health crisis. About 15% of the world’s population or approxi-
mately one billion people are living with a disability—usually defined as a motor, 
sensory, speech, learning, developmental, or intellectual impairment or chronic ill-
ness. The World Health Organization (WHO) and United Nations (UN) estimate 
that between 110 and 190 million people live with what they define as “severe dis-
abilities” [1]. If we add mental illnesses and autism to the list of disabilities, the 
number rises. A 2011 WHO report states that “Across the globe 450 million people 
suffer from a mental or behavioral disorder. The estimate is that one in five persons 
will suffer from a mental illness in a given year” [2]. The WHO predicts that 
“depression will be the number one global burden of disease by 2030, surpassing 
heart disease and cancer, and [it is] anticipated to be the number two burden by 
2020” [2].

Disability or mental illness can affect anyone, anytime. We are all likely to 
encounter disability at some point during our lives, whether it is through our fami-
lies, our jobs, our recreational activities, or through our own bodies. Approximately 
85% of disability is acquired throughout our lifetime. This means that only 15% of 
disabled people are born with their disabilities [3]. Disabilities are usually caused 
by unsanitary, unhealthy, overcrowded living conditions, malnutrition, war, envi-
ronmental hazards, disease, poverty, accidents, and childbirth, among other social 
factors.
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People in the developing world and women are more likely to experience dis-
ability; 80% of people with disabilities live in developing countries. Both the UN 
and the WHO have found that there is a higher representation of women among 
the world’s disabled population [1]. The disparity in occurrence of disability 
between women and men is the product of a complex mix of factors. However, it 
is clear that one of the root causes of a higher rate of disability among girls and 
women is the general devaluing of girls and women in society.

In this chapter, we will use a close reading of secondary literature and a collec-
tion of open-ended interviews of disabled Indonesian women conducted in part by 
co-author Hanita Djaya to analyze the social, economic, and structural barriers 
women and girls with disabilities face when attempting to access healthcare in 
Indonesia. We will use an interdisciplinary global disability studies approach that 
engages with the ways in which social class or caste, gender, ethnicity, language, 
and religion affect the lived experiences of girls and women in South and East Asia, 
and more specifically in Indonesia. It is our contention that a careful qualitative 
analysis of the lived experiences of disabled people is an important way to build 
what Rapp and Ginsburg have called the “social fund of knowledge” concerning 
disability and disabled people [4].

 A Global Disability Studies Approach [1]

Before we begin our discussion of disabled women and girls in Indonesia, we will 
provide a sketch of what it means to take a global disability studies approach to 
considering disabled people’s access to healthcare. Disability studies is an interdis-
ciplinary academic endeavor that analyzes disability and the lived experiences of 
people with disabilities from the perspective of the humanities, social sciences, and 
arts. Disability studies has a tenuous, often critical relationship with the medical and 
applied fields (such as rehabilitation science or other health related fields).

One of the basic tenets held by disability studies researchers is that “disability” 
extends beyond individual bodies. Disability is not merely something that an indi-
vidual has (I have cerebral palsy), or is (I am a paraplegic). Disability is socially 
created by built environments, cultures, and social norms that devalue, stigmatize, 
segregate, or discriminate against people who are considered “abnormal.” Disability 
studies scholars have labeled their focus on the interactions between disabled peo-
ple and the world around them the social model of disability, which they define in 
opposition to an older, well-entrenched medical model of disability that sees it in 
more negative and individualizing terms. The medical model defines disability as a 
deficit or defect that must be fixed, cured, or eliminated in order for an individual to 
function “normally” in society. The social model of disability does not view dis-
ability in the same way.
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 The Social Model of Disability

The social (also called the socio-political) model of disability originated among dis-
ability rights activists in the United Kingdom in the early 1970s. Its primary purpose 
was to separate the conceptualization of disability from that of impairment; to say 
that disability was something that was socially created, while impairment was 
merely a biological fact with no cultural values attached to it.

Under the social model, what became disabling for people was not their inability 
to walk, see, or hear (for example), but rather the inaccessibility of a physical, 
social, and cultural environment that remained hostile to their presence in it. As the 
British Union for the Physically Impaired Against Segregation (UPIAS) explained, 
disability is “a form of [socially created] disadvantage which is imposed on top of 
one’s impairment, that is, the disadvantage or restriction of activity caused by a 
contemporary social organization that takes little or no account of people with phys-
ical impairments” [5]. Put simply, the social model of disability makes a critical 
distinction between impairment (body) and disability (society). It roots disabled 
people’s limitations in societal barriers that disable them, not in any individual 
embodied deficit. Disability studies scholars refer to this system of exclusion as 
“ableism.” They argue that ableism and ableist attitudes are present in all societies 
that are built by and for nondisabled people [6, 7].

The social model of disability redefines disability as something created in the 
social world, and not through biology (or genes or neurochemistry). This new way 
of thinking about disability has enabled scholars (and activists and artists) to move 
disabled people away from their historical place in society as individuals in need of 
medical, rehabilitation, welfare, and other services and interventions to that of an 
oppressed social minority in need of recognition of its civil and human rights. By 
discarding the notion that disability is negative and rooted in the individual, and by 
thinking critically about the power of various social arrangements to disable, social 
model theorists have been able to develop a powerful understanding of what it 
means to live differently in the world. Part of the success of the social model derives 
from its ability to expand the definition of disability to include a broad range of 
impairments, illnesses, and conditions, and to show that disability will touch every-
one at some point in their life. The tremendous diversity among the world’s disabled 
population and the broad range of experiences we all have with disability have been 
a source of empowerment for disability rights activists and academics alike.

 Global Disability Studies

One critique of the social model that has emerged within disability studies comes 
from scholars interested in global disability studies. Disability studies scholars 
working on non-Western topics and those working outside of the Western English- 
speaking world (alternatively referred to as the global North) are finding that 
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 disability studies theories that are dominant in the West or global North, including 
the social model of disability, are often ineffective, or in some cases only partially 
effective, in helping to explain the lived experiences of disabled people in other 
parts of the world (referred to as the global South). Global disability studies theo-
rists make strong arguments for avoiding the uncritical exportation of global North 
disability studies theories to the global South, and, instead, argue for situating anal-
yses of the lived experiences of disabled people in their own local cultural and his-
torical contexts, social relations, and governing structures, as well as larger 
international political and economic systems. Rather than dismiss global North dis-
ability studies, global South scholars encourage collaborative and constructive dia-
logue between North and South, which they argue will build stronger disability 
studies analyses and more powerful disability politics in both parts of the world [8]. 
It is with this view of global disability studies and its critique of the British and 
North American social model of disability in mind that we turn to our discussion of 
disabled women and girls in Indonesia.

 Disability and Gender in Indonesia

Indonesia is a South East Asian island nation with a population of about 260 million 
(in 2016) people. It is ethnically and linguistically diverse. More than half, almost 
60%, of Indonesians live on the island of Java, the most populous island in the world 
and the home of Jakarta, Indonesia’s capital. The World Bank considers Indonesia a 
“lower-middle income” country with a Gross Domestic Product (GDP) of about 
$932 billion US dollars annually. By comparison, Canada, India, and the United 
Kingdom have GDPs that range from 1.5 to $2.6 trillion US dollars annually. About 
10% or one out of every 10 Indonesians live in poverty. Until recently and relative 
to other countries, Indonesia spent very little on publicly funded healthcare ser-
vices, only about 3.1% of its 2013 GDP.1 The global average for publicly funded 
healthcare services is about 10% of GDP. Until 2014, most Indonesians relied pri-
marily on a privatized “out-of-pocket” system to fund healthcare, where individuals 
paid directly for the healthcare they received [1, p. 13]. Although both systems were 
regulated with the intent of providing adequate and accessible healthcare to all 
Indonesians, the reality was that great disparities existed among different segments 
of the population, with poor, rural, and disabled people suffering the most severe 

1 Poor Indonesians used a mix of regional and national public health insurance schemes. Although 
coverage varied and it was means tested, most beneficiaries received a comprehensive package that 
included inpatient and outpatient care, as well as generic prescriptions, with no premium payments 
or copayments upon visiting the doctor. 76.4  million people used Indonesia’s national public 
health insurance program known as Jamkesmas in 2009. For more information on health insurance 
see: Adioetomo, Sri Moertiningsih, Daniel Mont and Irwanto. 2014. Persons with Disabilities in 
Indonesia: Empirical Facts and Implications for Social Protection Policies. Jakarta: Demographic 
Institute, Faculty of Economics, University of Indonesia. pp.107–117.
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inequities. In 2014, the Indonesian government implemented a national healthcare 
program called the Social Security Administrator for Health (BPJS), providing 
“broad-ranging” coverage to all of its citizens, including those experiencing mental 
health problems and those living on the autism spectrum [1, p. 143], [9, pp. 3–19]. 
Even within this system, however, disabled people continue to face significant chal-
lenges and constraints.2

Although Indonesia is showing signs of improvement with respect to disability 
and disabled people, negative attitudes continue to persist and they remain gen-
dered, especially within poor and rural communities. In general, disability and dis-
abled people are something to be pitied in Indonesia. Disability is considered 
“shameful” and “dirty” [9]. Many parents believe that “if my child is handicapped, 
he/she cannot live a normal life” [9]. If a married woman becomes disabled, her 
husband can legally divorce her [9, p. 3.76]. Although the language is changing—
the official word for disability is “disabilitas”—words like “cacat” (incomplete, dis-
figured, defect) and “Orang gila” (crazy person) can still be heard in public [9, p. 
3.3]. Disabled women and girls are statistically more likely to experience violence, 
abuse, discrimination, and isolation in Indonesia. Studies have shown that some 
disabled people have internalized these negative attitudes and report feelings of low 
self-confidence and low self- esteem [9]. There is, however, a growing group of dis-
abled people and their allies, who will be discussed in more detail below, who are 
fighting to change these attitudes. This social and economic context is critical for 
understanding disability and gender in Indonesia.

The Indonesian Ministry of Health estimates that approximately 11% of the pop-
ulation, or 27 million people are living with “at least one moderate to severe dis-
ability” [1, p. 12]. It is likely that the number of disabled people living in Indonesia 
is higher than the official count would indicate. Most reports only consider “vision, 
hearing, mobility or climbing stairs, concentration, cognition, and self-care” when 
tabulating disability [1, p. 13]. Behavioral disorders such as those related to autism 
spectrum disorders and mental illnesses go relatively unrecognized in most studies. 
Social and cultural stigmas, which will be discussed in more detail below, also mean 
that many disabled people and their families will hide disability from public view. 
That most of the Indonesian population is rural and 10% live in poverty, also means 
that in most cases disability will go unmarked and untreated. Additionally, some 
studies indicate that disabled women (and presumably girls) outnumber disabled 
men and boys by about 3:1. Because women and girls, specifically disabled women 
and girls, are not valued as highly as men in Indonesian society, the likelihood is 

2 The Indonesian government has passed a number of laws that directly address access to transpor-
tation, education, employment, and healthcare. These laws, however, remain unfulfilled due to a 
lack of funding and political interest. Disabled people in Indonesia, like disabled people in most 
countries do not possess significant social or cultural capital that would enable their demands to be 
heard by politicians and government leaders. For an extensive list of laws see: Japan International 
Cooperation Agency (JICA). 2015. Data Collection Survey on Disability and Development in 
Indonesia Final Report. (KRI International Corporation, Tekizaitekisho, LLC.) p. 3.10–23.
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that their numbers are also underrepresented in official counts. One study has found 
that only about 10% of disabled children are registered and enrolled in school and 
that there is “a high possibility that persons with disabilities are not registered as 
citizens at birth, as mandated by law, and are thus not eligible to receive education, 
medical, employment, care, and welfare services” [9]. This means that they also go 
uncounted in national studies.

Recognizing that at least 11% of its population is living with some form of dis-
ability, the Indonesian government has implemented measures to ameliorate the 
conditions under which most of its disabled people live. On 30 March 2007, it 
signed the UN Convention on the Rights of Persons with Disabilities (CRPD). In 
2009, the government issued Undang–Undang No. 36, which one researcher 
describes as legislation that requires the government “to look after the health of 
elderly and disabled people by providing an accessible health service, and other 
facilities, to enable this sector of the population to live independently and produc-
tively” [1, p. 12]. The Indonesian government ratified the CRPD in November 2011 
[9, p. 1.1]. Officially recognizing the UN CRPD and passing legislation that specifi-
cally addresses the needs of disabled people is an important first step. However, as 
long as public-sector healthcare remains underfunded and Indonesians continue to 
rely even in part on a “pay-as-you-go” system, the needs and desires of disabled 
people, especially disabled women and girls will not be met by these largely sym-
bolic efforts toward inclusion. Indonesia is a decentralized island nation, where cul-
ture and language, as well as poverty and underdeveloped infrastructure outside of 
major urban areas prohibit efficient transportation and communication and limit 
access to healthcare for most Indonesian people, especially disabled women 
and girls.

 Health Related Disparities of Girls and Women with Disabilities 
in Indonesia

Studies confirm that women with disabilities living in Indonesia have negative expe-
riences when receiving healthcare services, especially if those women live in rural 
areas [1]. The unequal treatment of disabled women, and in some cases their exclu-
sion from healthcare services are experienced in several important and interrelated 
areas: (1) inadequate healthcare systems and services, which can include ignorance 
and inexperience among professionals and staff; (2) stereotyping, stigma, and dis-
crimination concerning the need for access to healthcare, especially reproductive 
and sexual healthcare; (3) a lack of physical access, which can include inadequate 
transportation, inaccessible buildings, and inaccessible medical equipment; (4) gen-
eral attitudinal barriers among the  community, which leads to increased segregation 
and isolation for women with disabilities; (5) a lack of recognition of disabled 
women’s desires to be considered “normal”; and (6) difficulties creating a positive 
self-image [1, pp. 112–113].
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Although conditions appear to be improving in the years since Indonesia signed 
the UN CRPD in 2007, disabled women and girls continue to face significant chal-
lenges in accessing adequate, affordable, safe, and effective healthcare. Disabled 
girls and women are more likely to experience violence, sexual assault, and isola-
tion, even within their own families. They often have to travel great distances to 
access healthcare. Public transportation is unreliable and often inaccessible. In 
some locations and under some provisions, disabled women are grouped with the 
elderly in terms of healthcare provision, despite their vastly different needs and 
concerns. Disabled women of childbearing age—especially those who have already 
had a child—are more likely than other women to face pressure to undergo steriliza-
tion procedures to prevent pregnancy. In general, negative attitudes toward disabled 
women and girls continue to persist both within healthcare settings and in the 
community.

Many disabled Indonesian women, like disabled people in other parts of the 
world, rely on a range of disabled people’s organizations (DPOs), non-profit orga-
nizations (NPOs), and non-governmental organizations (NGOs) that focus specifi-
cally on disability related issues, and in some cases are led by disabled people 
themselves, to advocate for their rights and provide them with important material 
support and a sense of community. Disability focused DPOs, NPOs, and NGOs are 
more active in Indonesia’s urban areas. Djaya’s interviews confirm that disabled 
women and girls living in rural areas have a difficult time utilizing these organiza-
tions, which are critical in the lives of disabled people who wish to improve their 
access to education, healthcare, and employment.

While it is not as robust as it is in other countries, like neighboring Japan, for 
example, Indonesia has a strong and growing disability rights movement that is led 
at the national level by prominent disabled people’s organizations or DPOs. One of 
the oldest and most active rights-based organizations is the Indonesian Disabled 
Persons Association (PPDI), which was established in 1989 and is a member of 
Disabled Peoples International (DPI). The PPDI works closely with relevant gov-
ernmental ministries to create policy and enact legal changes designed to ensure the 
rights of all Indonesians living with disabilities. In addition to the PPDI, disabled 
Indonesians and their allies have also formed the Movement of the Welfare of Deaf 
Indonesia and the Indonesia Blind Union. The most prominent organization that 
focuses specifically on issues related to women with disabilities is the Indonesian 
Association of Women with Disabilities (HWDI).3

The HWDI, formerly known as the Indonesian Association of Handicapped 
Women was established in September 1997 as a socially oriented, rights-based 
organization for women living with various types of disabilities, including physical, 
sensory, and mental disabilities, as well as the parents of children with disabilities. 
The national organization is based in Jakarta. According to one of Djaya’s infor-
mants, Maria, the HWDI was established to answer to global demands for the 

3 For a more extensive list of major DPOs in Indonesia see: Data Collection Survey… 2015, p. 3.82.
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empowerment of women (and girls) with disabilities. Part of the mission of the 
HWDI is to ensure that the issues of women and girls with disabilities, and gender 
equality, are not forgotten in the movement for the rights of people with disabilities 
and also in other women’s organizations in Indonesia. While the HWDI does not 
focus specifically on healthcare related issues, it does focus on promoting physical 
accessibility and advocating for legislative measures designed to ensure the rights 
of women and girls with disabilities, which as we have argued has a direct impact 
on healthcare and health related issues. The HWDI has a keen interest in promoting 
the reproductive and sexual health of women and in preventing women and girls 
from becoming the victims of violence and sexual abuse through legislation and 
other activist means.

The fourth largest country in the world, behind China, India, and the USA, 
Indonesia has made significant gains in securing the rights of people with disabili-
ties. But significant work remains to be done in the area of changing the general 
population’s attitudes toward disability and the equal acceptance of disabled people 
in education, employment, and in the provision of healthcare. Negative attitudes 
toward disability can be seen clearly in oral interviews with disabled women living 
in Indonesia (Fig. 7.1).

 Notes from the Field

In this final section of the essay, we will move from the macro-level, where we pro-
vided a large-scale assessment of disability and gender in Indonesia to a closer look 
at the lives of specific women with disabilities living in various parts of Indonesia. 
The interviews were conducted by Djaya in 2017 and 2018. It will become evident 
upon reading these brief excerpts that women’s lived experiences confirm many of 
the arguments presented in this essay, which are further supported by larger-scale 
demographic and policy studies conducted primarily by NGOs. Because the women 
interviewed for this essay were self-selected and in most cases are active in the dis-
abled community, the reader will find that some interview subjects present their 
disabilities and their experiences in a positive way that may not be representative of 
the larger disabled population living in Indonesia. Some of the women interviewed 
for this study benefit from a class status that enables them to attend school, usually 
in mainstream settings, and also attend college or university or receive advanced 
training in particular employment sectors. Some of these women possess the social 
and cultural capital as well as the technological skills and access to resources and 
technology that enable them to succeed. These are benefits that are not readily avail-
able to many Indonesian people, especially disabled women and girls and those 
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Fig. 7.1 Socially created barriers to health equity for girls and women with disabilities in 
Indonesia. (Source: Nicole Little and Michael Rembis)

people living in rural areas. A study that explores the experiences of a broader range 
of disabled women and girls, and especially focuses on their access to and  utilization 
of healthcare, is strongly needed in the field of global disability studies. Despite 
their limitations, however, the following oral interviews contain much-needed 
insight into the experiences of disabled women in Indonesia.
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Anggi (21 Y.O)
Anggi has been deaf since age 3, when a high fever led to her hospitalization 
and eventually the loss of her hearing. When she was old enough to go to 
school, her parents applied for her to attend kindergarten, but she was rejected 
do to her disability. Her parents enrolled her in a “special school” where she 
was in a class with other deaf children. She remained in that school until she 
was old enough to attend high school, at which time she entered a mainstream 
school, where her teachers gave her junior high textbooks instead of high 
school textbooks because they assumed she could not learn. Anggi remembers 
that many of her teachers were “nice,” but they were unable to communicate 
with her because of language barriers. They did not know how to sign and 
there were not any interpreters for deaf students.

Despite these disadvantages, Anggi was able to succeed. At the time of the 
interview, she was studying as a freshman in the Makassar Public University, 
majoring in special education. Anggi claims to experience “no discrimina-
tion” in her university education, yet she is forced to attend class without a 
sign language interpreter, because none is available. The local deaf people’s 
organization relies upon informal networks of support like friends and family 
to provide interpreting for people. In class, Anggi counts on her friends to 
interpret for her, and on her own ability to learn from slide presentations dur-
ing class. She also relies on her friends to help her complete assignments for 
class. Anggi reports that she has never considered asking for accommodations 
and is “reluctant to ask for such things.” Like her high school teachers who 
gave her junior high textbooks, her university lecturer gave her fewer ques-
tions on her final exam, which can be interpreted as a sign of the negative 
attitudes of the general population toward disabled people.

Overall, Anggi reports a “positive attitude” toward the medical system in 
Indonesia. She states that she has never encountered blatant discrimination or 
insults from health professionals. However, although she is 21 years old, she 
has never been to the doctor on her own. Her mother has always accompanied 
her to doctor’s appointments to interpret for her. Anggi says that she is “not 
brave enough” to go to the doctor by herself because she is afraid that mis-
communication will occur and result in her receiving the “wrong medicine.” 
As a young healthy woman, Anggi has few health concerns.
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Maria (55 Y.O)
Maria was born and raised in a remote area in East Nusa Tenggara. She 
became disabled in 1974 when a strong wind caused the bookshelves in her 
school to fall over and crush her leg. She was taken to the hospital, where they 
amputated her leg. She remained in the hospital for 3 months. “Feeling embar-
rassed” about her disability, the young Maria did not return to school for 
another 3 months.

Maria remembers resuming her daily activities “without so many changes.” 
She used a “Canadian crutch” to move around. She stated that the “biggest 
barrier” in her life was the attitude of her friends, who mocked and insulted 
her for having only one leg. She recalls that the road that she had to travel to 
get to school was “harsh”—hilly and full of rocks—but she was able to man-
age using her crutches.

When she was in seventh grade, Maria’s family moved to Atambua, the 
capital city of a regency in East Nusa Tenggara Province, where she attended 
Catholic school. There were only four disabled students in the entire school. 
She remembers that she “didn’t receive any discrimination and insult from 
other students.” However, the school’s headmaster “warn the students in the 
beginning of the school that whoever insult these four disabled students will 
be expelled.”

Maria moved to Makassar, South Sulawesi, where she met her husband, 
who also has a disability. She was married in 1984. When Maria became preg-
nant, health professionals asked: “Why do you want to have kids?” And “other 
people were looking [at] her like she is really weird.”

Maria attended university in 1994 for one and a half years but quit when 
she became pregnant with her second child. She adds that the university build-
ing was “quite inaccessible.” Her classes were held on the ninth floor and 
sometimes the elevator was not working. “But,” Maria states, “the professors 
were nice.”

At the time of the interview, Maria was the head of the Indonesian 
Association of Women with Disabilities, South Sulawesi. Her husband was 
the head of the Indonesian Association of Disabled People, South Sulawesi.

Maria prefers receiving healthcare in a private clinic, where she feels she 
receives the best possible treatment.
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Narti (Between 40 and 50 Y.O)
Narti’s age is unclear. She claims to be 40 years old, but “clearly remembered 
that she finished her high school in 1985.” She was raised in a rural part of 
South Sulawesi Province, which is now an independent province, in a place 
called Mandar.

After finishing high school, Narti moved to Makassar to pursue her degree 
in Education. She became sick and quit after one semester, returning to her 
home. In 1991, skin sores started to appear on Narti’s back. Raised in a poor, 
rural environment, with no mother—she died during childbirth—Narti’s 
father and other kin—she has 12 siblings from different mothers—initially 
attempted to heal the sores using “traditional methods.” After 2 years, the skin 
condition progressed to a point that it impaired her mobility. This was when 
“she knew that she was having leprosy and started to take medicine.” She 
“was better, she could walk again, and her skin sores started to heal although 
it did leave scars in her extremities.” She continued taking medication for 
another 2 years.

Narti was declared “clean” of the bacterium in 1995 or 1996, but the effects 
of leprosy continued to affect her life. In 2003, she was hospitalized for a year 
for a “leg problem.” She remembers that most of the time the “healthcare 
providers were very nice and understanding.” However, she could tell that 
some of them “was feeling disgusted by her skin sores.” Narti recalls that 
although “they did not tell her right in the face, she could tell from the way 
they hold her extremities, their expression, and the way they cleaned her skin 
sores.” She said that the most disgusted healthcare providers were usually the 
“newbies” or interns.

At the time of the interview, Narti was married to a man who also had lep-
rosy, her second husband. Although she refused to talk about her first mar-
riage, it was evident that Narti’s first husband left her because of her disability.

Narti stated—with tears in her eyes—that “many people were disgusted by 
her condition, including her own family members.” She met her husband in 
the hospital in 2003 and they got married in 2004. They moved to Makassar 
in 2006, where they live in a “leprosy community.”

Narti describes herself as a “homemaker.” Her husband earns his income 
through begging, which is a common way of living for people with leprosy 
and other “disfigurements.”

M. Rembis and H. P. Djaya



109

Eka (26 Y.O)
Born in 1991, Eka began wearing glasses when she was a young girl. During 
her second year of high school, she started to feel pain behind her right eye. 
Physicians diagnosed her with glaucoma. She began taking medications, but 
the condition continued to progress. Eka completely lost her sight in 2011, 
when she was 20 years old.

Initially she was sad, but when she met other blind people and “started 
learning how to operate computer” she started to “feel better.” She decided to 
quit the university she had been attending, even though she states that because 
her vision loss was gradual, she was able to become accustomed to it and 
there was “no adaptation whatsoever.”

Through her new friendships in the blind community, Eka was able to 
obtain a recommendation from a prominent blind organization, Kartunet, 
which enabled her to attend university in Semarang, the capital city Central 
Java, where she resumed her studies in English literature. Having access to 
computer technologies, and knowing how to use them, greatly enhanced her 
educational experience at university.

Originally from the Brebes Regency of Central Java, Eka had to move to 
attend school, which meant she would no longer be living with her parents. 
She was able to live on her own in a kos-kosan, which is much like the dorm 
rooms in which university students in the USA live.

Eka states that she is able to access healthcare services and that the ser-
vices are “good.” However, she relates “bad experiences” with nurses and 
doctors who were “rude” to her and inconsiderate of her inability to see. Eka 
recalls that one time when she visited a “famous eye clinic” in Bandung for a 
regular checkup, the nurse seemed as though she “refused to believe” that Eka 
was completely blind, and she proceeded with tests that Eka could not per-
form. When Eka complained to the physician about the nurse’s behavior, he 
seemed indifferent and suggested she file a complaint with the clinic.

Sometimes healthcare professionals’ dismissive and negligent behavior 
had serious health consequences for Eka. She states that sometimes when she 
saw healthcare professionals for “simple conditions (like flu, for example), 
the doctors… did not give her the ‘right’ medication. She always warned the 
doctors that she had glaucoma and please do not give her medications that 
would be contradictive with her condition, but every time she took the pre-
scribed medication, she suffered adverse effect (her eye pressure increases, 
which leads to headache and stomachache).”

Before 2014, Eka did not have any kind of health insurance and all her 
health treatments had been paid for by her parents. Eka currently lives in 
Bangka Belitung, South Sumatra, where she is a freelance translator and 
“website writer.”
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 Conclusion

In this brief study we have noted that a significant minority of the world’s popula-
tion is disabled and that most disabled people live in developing countries. We have 
outlined the current situation in Indonesia with respect to disability and disabled 
people. We have shown that significant progress has been made in certain areas. 
Indonesia has ratified the UN CRPD and passed legislation meant to ensure the 
rights of people with disabilities. A number of important disabled people’s organi-
zations, non-profit organizations, and non-governmental organizations have been 
created in Indonesia. Significant work remains, however, in the area of changing the 
predominantly negative culture of disability in Indonesia. We have shown these 
negative attitudes in the oral interviews provided by disabled women living in 
Indonesia, especially as they relate to healthcare and to a lesser extent education.

While professionals such as occupational therapists and social workers have 
worked to empower individual disabled people and change the culture of their own 
work environments, and designers and architects have worked to build a more 
accessible built environment, we contend that global disability studies provides new 
avenues of intervention and new theories that will further empower disabled people, 
especially women and girls, in places like Indonesia. We argue that a powerful way 
to create more positive attitudes is through the consideration of a diverse range of 
life stories that include the lived experiences of disabled people. Thus, we have 
concluded our essay with four brief vignettes that highlight the obstacles faced by 
disabled women living in Indonesia, specifically in the areas of healthcare and edu-
cation, and to a lesser extent housing and employment.

Questions moving forward might include: How do we build more effective com-
munication networks among various disability communities in Indonesia? How do 
we bridge the significant gaps between rural and urban settings, and between mid-
dle- or upper-class Indonesians and their poor counterparts? How do we mitigate 
the difficulties posed by ethnic and linguistic diversity, as well as differing levels of 
religious conviction? What might a comparative study of disabled women and dis-
abled men look like in Indonesia? What role can researchers play in advocating for 
the equal treatment of disabled people in Indonesia? And finally, how can new infor-
mation that includes the thoughts and experiences of disabled people be conveyed 
to healthcare professionals and educators in a way that they will find useful in their 
daily practice?
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 Anaya’s Big Save

Anaya did not notice the sounds from the streets, or the playful voices of children 
outside the health center as she focused intensely on the mother-to-be in front of her. 
“I can see the head!” she helped explain, as she encouraged the woman in labor to 
take deep breaths and push. Anaya felt queasy in her excitement, running through 
what she needed to watch for and do. She had been studying for this for over a year, 
quietly standing behind her mentor, midwife Mama Safiya, as she confidently 
assisted at deliveries after her many years as a birth attendant. But this time it was 
just Anaya. And in just minutes the baby would be there.

With the mother’s final push, the baby delivered with its umbilical cord wrapped 
around its neck. Anaya quickly and carefully unwrapped the cord and set the baby 
down on the blanket that she had carefully laid out along with her clean and orga-
nized equipment. She looked at the beautiful baby with dark hair and round cheeks 
and for a moment froze. The pale infant lay on the blanket silent, arms and legs limp 
at its sides. Anaya quickly began to dry the baby, aggressively rubbing its back in an 
effort to stimulate breathing as she had watched Mama Safiya do for many other 
babies who were not crying at birth. Her heart raced as she waited for a sound from 
the quiet infant but none came. Anaya looked down at her neatly arranged equip-
ment and fumbled as she grabbed the funny looking bag-mask ventilator that had 
been given to her with the Helping Babies Breathe training that she took part in, 
under Mama Safiya’s mentoring. Her hands shook as she placed the mask over the 
baby’s nose and mouth, but she somehow found herself counting out loud as she 
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repeatedly squeezed the bag to deliver breaths—“Breathe, two, three, breathe, two, 
three, breathe two three….”

In amazement, Anaya watched as the baby’s pale color improved, its small arms 
and legs began to move, and finally, as if to voice discontent, a muffled cry could be 
heard under the mask. Anaya stopped and stared as the baby gasped, took several 
deep breaths, and finally cried out with vigor. She felt her own tears well up as she 
turned and proudly announced “it’s a baby girl. And she is beautiful.”

 Epidemiology of Newborn Survival

Mothers, fathers, and family and community members eagerly await the birth of a 
newborn baby the world over. Nearly 260 babies were born every minute in 2017, 
approximately 135 million births in total for the year. Although often a time of great 
joy for families, the first month of life is the most vulnerable of a child’s life, with 
an estimated 2.6 million babies dying before reaching the 28th day of life in 2016, 
approximately 2% of all newborn babies. Within the first month of life, the first 
week and especially the first day are the most dangerous times [1].

The world has experienced a dramatic decline in global neonatal mortality (death 
prior to 28 days of life) in recent decades, falling 51% from about 37 deaths per 
1000 live births in 1990 to 19 deaths per 1000 live births in 2016 [2]. Even though 
newborns everywhere are more likely to survive today than they were a decade or 
two ago, there are substantial global disparities in the risk of neonatal mortality. 
Whereas only 1  in 333 newborns die in high-income countries, the risk is much 
higher in sub-Saharan Africa, where 1  in 36 newborns die annually. Unlike the 
global neonatal mortality rate of about 2% or 20 deaths per 1000 live births, new-
borns in some countries face far greater hurdles in growing to older infancy. Nearly 
80% of newborn deaths occur in either South Asia or sub-Saharan Africa, with 50% 
of all newborn deaths occurring in the following five countries: the Democratic 
Republic of Congo, Ethiopia, India, Pakistan, and Nigeria. Smaller countries that 
are especially low-resourced experience dramatically higher neonatal mortality 
rates than the global average: in South Asia, Afghanistan and its neighbor Pakistan 
(40 and 46 deaths per 1000 live births); and in sub-Saharan Africa, Chad and its 
neighbor, the Central African Republic (35 and 42 deaths per 1000 live births, 
respectively).

The major causes of neonatal mortality are well characterized, including compli-
cations associated with prematurity or low birth weight, intrapartum related events 
(or asphyxia), and infection. Collectively these causes account for approximately 
80% of all deaths, with the residual attributed to congenital malformations (9%) and 
other less common causes. Notably, evidence-based interventions to address many 
of these conditions exist and efforts to strengthen the quality of maternal and new-
born care remain a global agenda as highlighted by the Every Newborn Action Plan 
(ENAP). ENAP has been endorsed by the ministers of health of the member nations 
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of the United Nations at the World Health Assembly and establishes ambitious 
global targets to reduce neonatal mortality to below 12 deaths per 1000 live births [3].

 Getting a Head Start Before and During Pregnancy

Protecting a newborn from dying demands implementing interventions across the 
continuum of care, beginning even before conception, through pregnancy, the day 
of birth, and through the remainder of the vulnerable newborn period. In the pre- 
conception period, complications, as well as adverse social, economic, and educa-
tional outcomes, by delaying the first pregnancy until they are more fully physically 
developed [4]. Increasing folate consumption among women of childbearing age 
before and during the early weeks of pregnancy can reduce the risk of congenital 
malformations, specifically neural tube defects such as spina bifida [5].

During pregnancy, numerous interventions have been shown to reduce the risk 
of adverse birth outcomes. Identifying pregnancy early and estimating the gesta-
tional age are central to high-quality antenatal care. Life-threatening neonatal 
tetanus can be prevented by administering tetanus toxoid injections to the preg-
nant woman. Maternal infections, such as syphilis, must be identified and man-
aged early and appropriately. Major global health gains have been made in 
reducing the risk of newborn and child mortality through prevention of mother to 
child transmission (PMTCT) of HIV, now a core antenatal intervention irrespec-
tive of national HIV prevalence. Promoting smoking cessation and improving 
maternal nutrition during pregnancy can reduce the risk of low birth weight, or 
weight at birth less than 2500 g, a major underlying cause of neonatal mortality 
[6]. Routine screening among pregnant women can lead to identification and man-
agement of potentially life-threatening pregnancy conditions, such as preeclamp-
sia, through basic measurements such as blood pressure and protein in the urine. 
Throughout the antenatal period, the health provider must provide comprehensive 
counseling for the pregnant woman to encourage adherence to antenatal care, 
facility delivery, birth planning with allocation of funds, and decision-making 
regarding transportation to the facility for the delivery. The mother must be able 
to recognize danger signs in herself and her soon-to-be-born baby, so that she may 
seek care early for potentially life- threatening conditions. Given the complex set 
of interventions that must be administered in the antenatal period, the World 
Health Organization increased the minimum number of antenatal care visits to 
eight from the previously recommended four [7]. Unfortunately, coverage of ante-
natal care remains low, with 86% of pregnant women having at least one antenatal 
visit and 62% of women having at least four antenatal visits in 2010–2016 [8]. In 
the regions where maternal and neonatal mortality are highest, four antenatal care 
visits are accessed by only 52% of pregnant women in sub-Saharan Africa and 
46% in South Asia.
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 Low-Technology, High-Impact Interventions

The majority of newborn deaths are preventable. Preventing these deaths on the day 
of birth or during the newborn period does not call for scaling up advanced and 
costly technology or clinical care services, such as those delivered in a neonatal 
intensive care unit. Rather, a number of low-technology solutions applied by skilled 
health workers, preferably in a clean and equipped health facility, have been shown 
to yield high impacts for prevention of neonatal mortality. Here, we discuss four 
such solutions: breastfeeding, thermal support, delayed cord clamping, and care of 
the umbilical cord stump.

The most ancient of interventions to prevent newborn and child mortality is 
breastfeeding. Extensive scientific research and decades of experience in low- and 
middle-income countries have confirmed that newborns and young infants who are 
only fed breast milk through 6 months of life, a practice referred to as “exclusive 
breastfeeding,” are at significantly reduced risk of mortality than those who are 
partially breastfed or who only receive breast milk substitutes, such as infant for-
mula. By conferring immune protection against infections and improving nutri-
tional status, breastfeeding is estimated to reduce respiratory infection risk by 
one-third and diarrhea risk by one-half; reductions in severe infections that lead to 
hospitalization are even greater [9]. Moreover, breastfed babies benefit from 
improved brain development and, later in life, protection from overweight and obe-
sity. Breastfeeding even within the first hour of life confers impressive health ben-
efits [10]. Newborn babies that breastfeed within the first hours and days of life 
receive colostrum, a thin liquid replete with immunologic and other bioactive sub-
stances. Delaying breastfeeding beyond the first hour can lead to increasing the risk 
of neonatal mortality by 33%; delaying beyond the first day of life can increase the 
risk of death even further [11]. The health benefits extend well beyond the early 
hours and days of life, with significant reductions in infections and respiratory 
symptoms and promote bonding between the mother and baby. Unfortunately, 
despite robust evidence supporting its health benefits, there are notable gaps in early 
initiation of breastfeeding in many of the countries in which newborns are at high 
risk of dying. Globally, only about 40% of newborn babies were offered early initia-
tion of breastfeeding in 2017. Among the regions from which data are available, the 
prevalence of early initiation of breastfeeding ranges from 35% in the Middle East 
and North Africa to 65% in Eastern and Southern Africa. Culturally grounded tradi-
tions may lead to discarding the nutrient rich colostrum in favor of pre-lacteal feeds 
such as water, cow’s milk, or other liquids. Health workers too may inadvertently 
play a part in delaying breastfeeding. Commonly, birth attendants separate the new-
born from the mother immediately after birth for various reasons, including a per-
ceived need to clean the baby before reuniting him/her with mother and newborn; 
unfortunately, such unnecessary separation results in delaying breastfeeding.

Washing the baby immediately after birth to remove body fluids is a common 
practice in many cultures. However, this practice can be very harmful to newborns 
who do not regulate their body temperatures as well as older humans and, thus, heat 
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loss can occur quickly. Hypothermia, or low body temperature, increases the risk for 
neonatal mortality, although the specific physiologic mechanisms for this increased 
risk are not fully understood. Thermal care of the newborn includes the suite of 
clinical practices that protect a newborn baby’s body temperature from dropping too 
low. Drying, immediate placement of the unwrapped newborn on the skin of the 
mother, and delaying bathing until after the first 24 h following delivery are impor-
tant elements of thermal care [12]. Increasingly, mothers in low- and middle-income 
countries are reporting that their newborns were dried and placed skin-to-skin 
immediately after delivery. But, in several countries with high neonatal mortality 
rates, one-third or more mothers continue to report inappropriate thermal care prac-
tices, indicating the need to continue to improve the quality of care delivered at birth 
[13]. Indeed, thermal care is especially important for the millions of small babies 
who are born weighing 2500 g or less at birth. Small babies are at increased risk of 
mortality because they are prone to infections and more susceptible to hypothermia, 
compared to larger newborn peers. For babies weighing less than 2000 g at birth, an 
expanded approach to thermal support called kangaroo mother care is especially 
powerful, placing the newborn in skin-to-skin care for an extended duration along 
with support to the mother for exclusive breastfeeding [14] (Fig. 8.1). Some moth-
ers need support for expressing breast milk and feeding it to the newborn using a 
special type of cup. Kangaroo care is not relegated to mothers alone, and can be 
successfully delivered by fathers or other family members as well. Robust data sug-
gest that kangaroo care promotes growth and adherence to exclusive breastfeeding, 
both of which protect the small newborn from infection and death. As easy as it 
sounds, adhering to the strict regimen of continuous and prolonged skin-to-skin 
contact in kangaroo care can be challenging for mothers; it can be physically 
uncomfortable and demands persistent encouragement and support from health 
workers and other family members. Relief from family members, who step in to 
provide care while the mother attends to her own needs for personal hygiene and 

Fig. 8.1 Stages of care and examples of low-technology, high-impact interventions. (Source: con-
cept: Pavani Ram; graphic design: Nicole C. Little)
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rest, is crucial, as is continued vigilance on the part of the health providers oversee-
ing kangaroo care.

Appropriate care of the umbilical cord can significantly impact the well-being of 
newborns. Whereas the fetus receives its nutrition largely via the umbilical cord that 
connects to the placenta, newly born babies rely on exogenous sources of nutrition, 
preferably from breast milk. Thus, the umbilical cord serves little purpose after 
delivery and is cut from the placenta soon after birth. Separation of the umbilical 
cord from the placenta is typically done by placing two clamps a few centimeters 
apart on the cord (or tying the cord using string) and cutting between the clamps 
using a clean blade. There is ample data suggesting that delaying the clamping of 
the cord until at least one minute after birth improves the newborn’s nutritional 
status, especially for body stores of iron, an essential mineral that is important for 
blood oxygen transport [15]. This important benefit staves off iron deficiency ane-
mia, which can predispose children to developmental delays. Further, premature 
infants serve to benefit from delayed cord clamping with more stable circulation, 
less need for transfusions and fewer complications of prematurity. Importantly, 
delayed cord clamping also benefits the mother, by reducing her risk of postpartum 
hemorrhage, the leading cause of maternal mortality [3, 16].

Infections, including those resulting from pathogenic microorganisms acquired 
with unhygienic care of the umbilical cord stump, account for approximately one- 
quarter of newborn deaths. The residual umbilical stump is an important portal of 
entry for pathogens before it withers and leaves behind the belly button. Around the 
world, traditional practices typically intended to promote healing result in the appli-
cation of various types of substances to the umbilical stump, including oils, herbs or 
plants, minerals, and animal dung [17]. Contamination from the hands or from other 
topical applications can result in localized infections of the umbilical stump or the 
skin surrounding it, or evolve into systemic infectious process such as life- 
threatening sepsis. For many years, in an effort to prevent contamination with the 
application of unclean substances or contact with contaminated hands, the World 
Health Organization recommended dry cord care, meaning that no substances 
should be applied after the cord is cut. An antiseptic used routinely to clean the skin 
in healthcare facilities in high-income countries, chlorhexidine applied to the umbil-
ical cord stump of newborns in rural Nepal was shown to reduce umbilical infec-
tions by 75% and neonatal mortality by 24% [18]. Together with data from the 
successful trial in Nepal, additional studies in Bangladesh and Pakistan showing 
mortality reduction benefits led the World Health Organization to issue guidance 
recommending that chlorhexidine should be applied to the umbilical stump for 
babies born outside health facilities in countries with high neonatal mortality 
(defined as greater than 30 deaths per 1000 live births or 3% of babies dying in the 
first 28 days after delivery) [19, 20]. Additional data suggesting a benefit for babies 
born in health facilities is also compelling, suggesting that the benefits may tran-
scend location of birth. However, as with any new product, as straightforward or 
“simple” a technology as it may be, the pathway to scaling up the intervention so 
that it is available for and used by all the populations that would benefit is arduous. 
The Chlorhexidine Working Group (CWG), a collaborative partnership involving a 
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range of institutional actors including government agencies, academia, international 
organizations, non-governmental organizations, and for-profit pharmaceutical com-
panies, was formally established in 2012 after informally coalescing over approxi-
mately a decade [21]. With donor agency funding support, the CWG functioned to 
advocate for adoption of chlorhexidine into newborn health programs in high neo-
natal mortality countries and to provide technical assistance to expand the availabil-
ity, quality, and implementation of chlorhexidine in these countries. By 2017, with 
extensive support from governments, CWG members, and donor agencies, 27 coun-
tries were reportedly advancing chlorhexidine programs to prevent neonatal mortal-
ity. However, the pathway to scale, meaning availability and utilization of 
chlorhexidine for all the newborns at risk in high neonatal mortality settings is long 
and arduous. Extensive efforts and funding support will need to be invested over 
many years to ensure that health workers, mothers, and family members attending 
the birth have access to and make appropriate use of chlorhexidine for umbilical 
cord care.

 Quality of Care

Globally, concerted efforts have been invested to mobilize pregnant women to 
deliver at health facilities instead of at home in order to reduce or mitigate the harms 
that can arise when women deliver without access to the skilled care, equipment, 
and medicines available in a health facility setting. However, despite such efforts 
and resultant increases in facility delivery, there have not been commensurate 
decreases in neonatal mortality [22]. A key concern has been whether health facili-
ties have been able to provide the quality of care necessary to prevent deaths among 
mothers and newborns.

Intrapartum events, meaning events that occur during labor and delivery, account 
for nearly one-quarter of neonatal mortality [3]. Many of these deaths occur because 
of perinatal asphyxia, or oxygen deprivation at the time of birth. A highly skilled 
birth attendant with the necessary equipment, such as Anaya or Mama Safiya in the 
example at the beginning of this chapter, can effectively resuscitate the asphyxiated 
newborn, thereby reducing the baby’s risk of mortality significantly. But, if the 
health worker lacks the necessary skills or the equipment, the newborn faces a high 
risk of death or considerable brain damage from insufficient oxygen circulation. 
The program Helping Babies Breathe (HBB) grew out of increasing global demand 
for a program that would feasibly improve the skills of health providers during the 
critical moments at the time of birth to manage asphyxiated newborns [23]. HBB’s 
developers constructed an intervention package that innovatively took into account 
low-resource contexts, in which there may only be a single healthcare worker caring 
for both the woman and her baby and limited available infrastructure in a frontline 
health facility. In addition to accessing the basic equipment necessary for resuscita-
tion, a reusable suction device and simplified bag for ventilating the newborn, HBB 
training strengthens the skill level of healthcare workers to assess babies  immediately 
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upon birth and to respond efficiently and effectively to ensure that every baby is 
either breathing spontaneously or receiving ventilation support within The Golden 
Minute after birth (Fig. 8.2). Deployment of the HBB training involves not only 
passive learning in the classroom but also active learning through participation in 
simulations of perinatal asphyxia to reinforce assessment, response, and resuscita-
tion skills. An extensive research agenda has accompanied the rollout of HBB and 
has documented significant reductions in neonatal mortality. For example, neonatal 
deaths in the first 24 h after birth were reduced in Tanzania by approximately 47% 
following HBB training [24]. HBB has since become a cornerstone of training 
packages for strengthening the quality of care at the time of birth in low-resource 
settings (Fig. 8.3).

In 2018, the Lancet Global Health Commission on High Quality Health Systems 
in the Sustainable Development Goals Era wrote “the human right to health is 
meaningless without good quality care because health systems cannot improve 
health without it [25].” How can the quality of health care delivery be discerned? 
Key features of high-quality care include that it is safe, effective, timely, efficient, 

Fig. 8.2 Helping Babies Breathe action plan. (Image reused with permission from the American 
Society of Pediatrics. Helping Babies Breathe, 2nd Edition, 2018, Global Health: Science and 
Practice)
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Fig. 8.3 Interventions to prevent newborn mortality are feasible and scalable from pre-conception 
to the end of the newborn period
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equitable, and people-centered [22]. In 2016, the World Health Organization issued 
Standards for Improving Quality of Maternal and Newborn Care in Health Facilities. 
The underlying framework includes three standards about the provision of care, 
including the evidence-based clinical care, robust health-related data systems, and 
linkages between communities, lower-level facilities, and higher-level facilities to 
provide a strong continuum of care. Three additional standards make clear that 
women and newborns are entitled to a high-quality experience of care, with clear 
communication from health workers, respect and dignity, and emotional support 
from health workers and companions of choice. Lastly, the standards emphasize the 
import of a skilled and motivated health workforce as well as the physical resources 
and infrastructure of the health facility. This landmark document enshrines the 
dimensions of quality of care for women and newborns, irrespective of whether the 
facility is operating at the most basic level in communities or delivering com-
plex care.

 Multidisciplinary Innovation

In the earlier sections, we discussed evidence-based interventions to reduce neona-
tal mortality that did not demand extensive scientific or technological advance-
ments. Surely, breastfeeding and placement of the newborn in skin-to-skin contact 
with the mother may be considered low-technology solutions. However, some new-
borns need higher-level technology to improve their chances of survival, growth, 
and development. Thus, there is a need for innovation of novel solutions applicable 
to the settings in which babies are still dying preventable deaths, or suffering life- 
long consequences of complications of pregnancy and the time of birth.

Equipment that is affordable is essential to providing high-quality care for new-
borns in low-income countries. As Richards-Kortum has written, band-aid solu-
tions, such as donations of surplus equipment from high-income countries, do not 
solve the gaps in availability of equipment in health facilities in low-income coun-
tries [26]. Such equipment requires accessory materials or spare parts that are dif-
ficult to replenish when stocks run low; moreover, equipment can quickly fall into 
disrepair because of the limited availability of technicians in the country with 
appropriate training in maintenance and repair.

There is, hence, a need for new technologies that take into account not only the 
technical specifications but also the low-resource settings in which they will be 
used. Considerations include cost but also the challenges to distributing technolo-
gies and related to a large and disparate population that may benefit from them; the 
size and capacity of the healthcare workforce that must use them; the availability 
and reliability of electricity, water, and other infrastructure; sociocultural motivators 
and barriers to adoption and use; and demonstration of compelling enough benefit 
to motivate change from current practice [27].

With the intent to improve the health and well-being of pregnant women and 
newborns, the Saving Lives at Birth (SLAB) Grand Challenge program has been 
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funded by a multilateral cooperation between the Bill and Melinda Gates Foundation, 
the US Agency for International Development, Grand Challenges Canada, and the 
governments of the United Kingdom, Norway, and the Republic of Korea (South 
Korea) [28]. Between 2011 and 2018, SLAB has sparked 3500 ideas from diverse 
disciplines. An excellent example of the impact of SLAB in fostering multidisci-
plinary innovation is a low-cost bubble continuous positive airway pressure (CPAP) 
device to provide respiratory support for babies suffering from respiratory distress. 
Bubble CPAP has been shown to prevent neonatal mortality from respiratory failure 
in high-income countries but an individual device can cost thousands of dollars. Key 
members of the SLAB-funded bCPAP team included bioengineers from Rice 
University in the USA and pediatricians from Queen Elizabeth Central Hospital in 
Blantyre, Malawi. Together, this multidisciplinary team developed the Pumani 
bCPAP, a bCPAP device that improved survival among newborns with respiratory 
failure by 27% and reportedly cut the cost of the bCPAP device by 97% [29]. This 
remarkable innovation rendered an otherwise infeasible technology accessible to 
hospitals caring for newborns in one of the world’s poorest countries [30].

Technology alone will not address the complex challenges faced by newborns 
in resource-limited health systems. Rather, healthcare service delivery must be 
strengthened throughout low-income countries to address the motivation and 
skill level of healthcare workers. Novel, effective, and scalable approaches are 
needed to motivate improved preventive and promotive health behaviors and 
early careseeking for pregnant women, new mothers, and newborns. Innovation 
is essential to developing feasible solutions to address the technological, sys-
temic, and individual and organizational behavioral barriers to newborn survival 
and well-being. Such innovation demands the energy and creativity of diverse 
disciplinary perspectives.

An Innovation to Protect Infants at Risk of Brain Injury
Perinatal asphyxia can be caused by one or more complications, including 
injury to the umbilical cord or placenta, failure to breathe at birth, and pro-
longed difficult labor. An extended duration of oxygen deprivation can lead to 
hypoxic-ischemic encephalopathy (HIE), a dangerous neurological condition 
that requires immediate medical intervention.

Initial Resuscitation and Stabilization involves stimulation, resuscitation, 
and management of appropriate oxygen delivery. In resource-limited environ-
ments, Helping Babies Breathe (HBB), described in the chapter, provides the 
initial steps of neonatal resuscitation with assisted breaths provided by a bag 
and mask within one minute of birth when an infant is not spontaneously 
breathing. Several clinical trials indicate that resuscitation of full-term infants 
with perinatal asphyxia without supplemental oxygen is as effective as resus-
citation with supplemental oxygen. HBB neonatal resuscitation training has 
been shown to reduce neonatal mortality by up to 47% and fresh stillbirths by 
24%. Routine non-invasive measurement of blood oxygen concentrations, via 
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pulse oximetry, is essential to ensure adequate oxygen perfusion to the brain 
and other tissues in the body.

Following standard clinical protocols, additional supportive measures to 
care for babies at risk for HIE include careful fluid management, avoidance of 
hypoglycemia and hyperglycemia, treatment of seizures, and avoidance of 
hyperthermia (high body temperature). Indeed, there is evidence that actively 
lowering the baby’s body temperature (therapeutic hypothermia) can reduce 
the potential harmful effects of HIE.

Therapeutic hypothermia involves mild cooling (3–4  °C below baseline 
temperature) of the body applied within the first few hours after birth in the 
early stages of potential brain injury. An effective way to initiate early hypo-
thermia therapy may include use of widely available icepacks to cool an infant 
while awaiting transfer to a tertiary neonatal intensive care unit. In resource- 
limited environments, a low-cost device powered by a microprocessor and 
two AAA batteries called Cooling Cure, a clay pot containing a burlap basket 
lined with plastic, sand, instant ice-pack powder, and temperature sensors 
[31]. Therapeutic hypothermia has been shown to improve the neurodevelop-
mental outcomes of neonates with moderate-to-severe HIE, as reported in a 
2013 Cochrane review that included 11 randomized controlled trials and 1505 
infants [32].

Early detection of the severity of HIE is challenging at the point-of-care in 
low-resource settings. The severity of HIE and the potential for benefit from 
therapeutic hypothermia can be determined by the clinical presentation, and 
can be graded using a clinical classification scale called Sarnat staging. The 
clinician assesses an infant’s alertness, muscle tone, positioning, pupillary 
response, respiratory effort, and the presence of seizures to determine a Sarnat 
grade of mild, moderate, or severe. However, Sarnat staging is somewhat sub-
jective, and the score can change over time with clinical progression. Also, 
seizures are difficult to detect clinically but are associated with a poor prog-
nosis. Electroencephalogram (EEG) measures the electrical activity of the 
brain from the scalp non-invasively and assists in the evaluation of 
HIE. However, conventional EEG requires at least 60 min of careful handling 
by highly trained personnel and, in low-income countries, this diagnostic pro-
cedure is not available outside of tertiary care referral hospitals in urban areas. 
Therefore, a tool for continuous monitoring of brain activity that is feasibly 
applied in lower-level facilities or by healthcare workers with less training is 
needed. In the early stages of development is an innovative, portable, diagnos-
tic approach that combines a simplified EEG approach with near infrared 
spectroscopy (NIRS) for detection of brain tissue viability. This technology 
has the potential to identify those in need of the treatment, not only in the 
referral hospitals that serve the very wealthy in resource-limited countries, but 
also in the lower-level facilities that serve most babies. This is a tangible 
example of technology advancing equity in global health.
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Chapter 9
The Global Crisis of Antimicrobial 
Resistance: Perspectives from Medicine, 
Geography, Food Science, and Chemistry

Shamim Islam, Jared Aldstadt, David G. White, and Diana Aga

 Introduction

Antimicrobials are perhaps the greatest public health gain ever of humankind. As 
2000 approached, many claimed penicillin to be the greatest discovery of the mil-
lennium; commercially available only from the early 1940s, the drug had already 
saved an estimated 200 million lives [1].

Currently, however, the emergence and spread of multidrug-resistant pathogens 
threatens to reverse these benefits, and experts believe we are in the dawn of a post- 
antibiotic era. An estimated two million antibiotic resistant (AR) infections occur 
annually in the USA, accounting for 23 thousand deaths, $20 billion in direct costs, 
and an additional $35 billion in lost productivity [2]. The global projections are 
alarming: AR infections may cause ten million deaths/year and lead all causes of 
mortality by 2050 [3]. Similar to other pressing global issues, the burden of AR is 
inequitably distributed, with 90% of AR infections occurring in Asia and Africa. 
Various forces—natural and anthropogenic—contribute to AR, and successful con-
tainment will demand coordinated efforts of diverse constituents, from environmen-
tal, behavioral, and medical scientists, to public health educators, and leaders in 
agricultural and international policy [4].
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 Lessons in Antibiotic Resistance from the Earliest Antibiotics 
and Staphylococcus aureus

Antibiotics, which are active against bacterial pathogens, are the most important and 
widely used class of antimicrobials. The sulfonamides and penicillin were the first 
antibiotics available to the general public. The serendipitous discovery of penicillin in 
Alexander Fleming’s laboratory in 1928 is now common lore, but the drug’s tremen-
dous potential was not truly realized until World War II, when it was found to cure 
wound infections in soldiers. Penicillin soon after proved effective against a number 
of other major infectious diseases of the time, such as syphilis and rheumatic fever.

However, penicillin’s original miracle drug property, against Staphylococcus 
aureus, was largely lost within 30 years of the antibiotic’s introduction. S. aureus, a 
nearly ubiquitous germ which lives on people’s skin, causes a wide spectrum of 
infections outside of those on the battlefield, including boils, pneumonia, and endo-
carditis. Penicillin-resistant (PCN-R) S. aureus was first described in 1942, and with 
the drug’s widespread use, followed a common pattern for antibiotic resistance: 
initially proliferating in hospitals and then spreading to and within the community 
[5]. By the late 1960s, greater than 80% of all S. aureus were PCN-R. As a response 
to PCN-R S. aureus, methicillin, a semisynthetic penicillin, was developed in 1960; 
within 2 years, methicillin-resistant S. aureus (MRSA) was recognized, and cur-
rently, MRSA is among the most aggressive and challenging-to-treat pathogens. 
The introduction of each new, “more powerful” antibiotic—ciprofloxacin, linezolid, 
daptomycin—has replicated this sequence of prompt emergence and expansion of 
drug-resistant S. aureus (Fig. 9.1).

The sulfonamides were actually put into clinical use before penicillin, first in 
1935. They are most frequently found in drug combinations, primarily with trime-
thoprim as TMP-SMZ. Sulfonamides intrinsically have broad antimicrobial proper-
ties, against common bacterial pathogens, malaria (a leading global parasitic 
disease), and also opportunistic infections seen in AIDS patients. The antibiotic’s 
varied therapeutic applications, along with low cost and worldwide availability, 
have made TMP-SMZ a heavily utilized drug in several low- and middle-income 
country (LMIC) contexts, including empiric treatment for diarrhea, and routine pro-
phylaxis for HIV patients. But ongoing, generalized use of TMP-SMZ has predict-
ably come with the double edged sword of increasing antibiotic resistance; the drug 
is now largely obsolete for bacterial gastroenteritis and lung infections. In addition, 
many of the greater than 20 known TMP-SMZ resistance mechanisms are easily 
shared between bacteria, and can co-migrate with genes encoding resistance to 
other antibiotics on mobile genetic elements [6].

 Antibiotic Resistance: Biological Roots and Basic Mechanisms

Bacteria may resist antibiotic activity by several mechanisms, including altering the 
antibiotic’s binding sites, expelling the drugs with cellular pumps, and degrading 
the drugs by enzymes. Resistance mechanisms can develop naturally through 
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Fig. 9.1 An antibiotic resistance timeline. (Source: Centers for Disease Control and Prevention, 
Office of Infectious Diseases, Antibiotic Resistance Threats in the United States, 2013, page 28. 
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf)
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genetic mutations, which inevitably occur during microorganisms’ frequent rounds 
of replication (Fig. 9.2). As such, resistance may be present within bacteria indepen-
dent of any antibiotic exposure, and genetically derived AR mechanisms have been 
detected in archaic environmental samples (DNA from 30,000-year-old perma-
frost). With antibiotic exposure—or “pressure” in a Darwinian evolutionary frame-
work—populations of resistant-bacteria are specifically selected for and can expand.

Antibiotic resistant genes (ARGs) can be passed not only to an organism’s own 
progeny, but also between microorganisms, which is known as horizontal gene 
transfer. An important mechanism of horizontal transfer is via plasmids, rings of 
DNA on which ARGs can fluidly be exchanged between bacteria of the same and 
differing species (as shown in Fig. 9.3). Multiple ARGs may collect on the same 
plasmid and co-migrate, rendering a recipient bacteria multidrug resistant. Most of 
the specific bacterial resistance issues focused upon in the following sections are 
plasmid associated and have the capacity for rapid dissemination [4].

 Contemporary Antibiotic Resistance

Current leading AR issues echo the historical features described previously, but are 
more complex and dire. Of numerous potential examples, recent rises in resistant- 
Neisseria gonorrhea are already having a substantial impact on disease treatment 
and control, not only in low- and middle-, but also high-income countries. Gonorrhea, 
a sexually transmitted disease (STD) affecting ~80 million persons/year globally, 
may silently be transmitted between individuals who initially have few symptoms, but 
can also cause significant morbidity, such as pelvic inflammatory disease and infer-
tility [7]. Gonorrhea has demonstrated progressive resistance to basic, oral antibiotics, 
to the extent that international guidelines now suggest empiric treatment with two 
different agents. The regimen includes an intramuscular antibiotic (ceftriaxone), 

Fig. 9.2 Antibiotic resistance development by genetic mutation, and expansion after antibiotic 
exposure. (Source: National Institute of Allergy and Infectious Diseases, NIH, 2010)
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which to administer in the resource-limited, public health settings in which STD 
patients typically present, is cost-prohibitive and operationally challenging.

Capturing the greatest attention from the medical community currently are newer 
resistance mechanisms against several broad-spectrum antibiotics; each are known 
by acronyms, which reflect the antibiotic classes involved. ESBLs, or extended- 
spectrum beta-lactamases, are a large family of enzymes that confer resistance to 
nearly all penicillins and cephalosporins. CREs are carbapenem-resistant 
Enterobacteriaceae. Carbapenems are considered the most powerful antibiotics, 
and are highly active against numerous, life-threatening pathogens. CRE infections 
have been associated with various healthcare settings, including nursing homes and 
community hospitals, and have carried mortality rates of 50%. Of CREs, NDM-1 
(New Delhi metallo-beta-lactamase 1) is the most infamous; first described in a 
Swedish national who acquired a urinary tract infection in India in 2008, NDM-1 
soon after was identified in several other countries, mainly in patients with foreign 
healthcare exposure [8].

Colistin, a dated antibiotic with significant side effects, has recently been revived 
as a drug of last resort, particularly for CRE infections which have no other thera-
peutic options. In 2015, the first mobilized colistin-resistance gene, mcr-1, was first 
described in a retail-meat producing pig in China. The emergence of the “mcr’s” 
(which by 2019 is up to mcr-9) is suspected to be related to the widespread use of 
colistin in animal agriculture; the resistance genes have now been reported in live-
stock and food samples throughout Asia and other parts of world [9]. Most worri-
some colistin-resistance genes can be found in bacterial isolates causing human 
infection, which portends the potential for pathogens that are resistant to all avail-
able antibiotics (i.e., pan-resistant).

Fig. 9.3 Antibiotic resistance spread via plasmid-mediated gene transfer between bacteria. 
(Source: National Institute of Allergy and Infectious Diseases, NIH, 2010)
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It should be noted the resistance issues focused upon here are primarily related 
to just one category of microorganisms—gram-negative bacteria—while pressing 
antimicrobial resistance issues exist across the span of globally important patho-
gens. For example, though various antibiotics are active against MRSA, these are 
often more expensive, more toxic, and less effective than the simpler drugs which 
treat susceptible S. aureus. Tuberculosis (TB) is a leading global killer that requires 
prolonged, combination therapy, and drug-resistant TB is endemic to several regions 
of the world with limited healthcare infrastructure. Individual treatment and global 
disease control efforts for malaria and HIV, parasitic and viral diseases, respec-
tively, have been complicated by evolving drug resistance throughout the past few 
decades.

 Keys Drivers in the Expansion of Antibiotic Resistance

The drivers of AR are diverse, complex, and at times interconnected. Some are 
directly related to human healthcare, but many are independent. Antibiotic misuse 
in formal medical settings is an important component, but international commerce 
and travel may be greater drivers. AR pathogens can be spread within hospitals and 
clinics, but public food and water sources are higher potential vehicles. The selec-
tion and propagation of AR in the environment, especially related to agriculture and 
waste management, are critical but incompletely defined areas. Clinicians and the 
general public’s perception on the role, risks, and benefits of antibiotics, deeply 
influences antibiotic seeking and utilization behavior, which contributes to 
AR issues.

 Resistance Related to Antibiotic Use in Human Healthcare 
and Medical Facilities

Antibiotics are among the most frequently prescribed and utilized drugs. The major-
ity of hospitalized patients in the USA will receive at least one antibiotic during 
their inpatient course; for some—children, those in intensive care units (ICUs)—the 
rate can be as high as 90% [10]. Nevertheless, antibiotics are often administrated in 
scenarios for which there is no ultimate evidence of a bacterial infection, and an 
estimated 20–50% of all antibiotic use is considered to be inappropriate or unneces-
sary [11].

Hospital data have clearly demonstrated that antibiotic resistance patterns are 
directly associated with antibiotic utilization. In general terms, AR infections are 
consistently greater where and when antibiotics are more intensely used. AR patho-
gens are more prevalent in hospital-acquired infections (HAIs) than those found in 
the community, and within a hospital, the locations with the highest antibiotic utili-
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zation have the highest AR infection rates (e.g., ICUs). Temporal findings are 
similarly indicative: when ceftriaxone-resistance in Enterobacteriaceae infections 
increased from 10 to 27% at a French hospital, a review revealed that ceftriaxone 
utilization had also tripled during the same 4 years [12]. In individual patients, and 
at a population level, use of the quinolone antibiotics directly increases the risk for 
subsequent carriage and infection with resistant gram-negative bacteria, and also 
MRSA [13].

While making direct correlations is difficult, outpatient antibiotic utilization 
likely has a larger impact on AR than in-hospital use. In high-income countries 
(HIC), up to 90% of antibiotic use is in the ambulatory setting [14]. In the USA, 
roughly 20% of all pediatric and 10% of adult clinic visits result in antibiotic pre-
scriptions. Numerous studies have demonstrated antibiotics are often prescribed for 
illnesses for which they are not indicated, such as influenza, and other non-bacterial 
respiratory conditions. A recent US pediatric analysis estimated ten million such 
inappropriate antibiotic courses are given per year [15]. Also, even for diagnoses 
which mandate antibiotics, young children frequently receive broader-spectrum 
agents than medical society endorsed guidelines would recommend, potentially due 
to convenience.

Outpatient antibiotic use in LMIC is likely even more critical to global AR 
expansion. The world’s largest consumer of antibiotics for human health are India 
and China; in 2010, in billions of units, their antibiotic consumption was 12.9 and 
10.0, respectively, compared to 6.8 in the USA [16]. While formal data are limited, 
antibiotic use in LMICs is further skewed towards the outpatient sector than in 
HIC, as healthcare delivery is yet more community, rather than hospital, based. In 
addition to upper respiratory presentations (“colds”), outpatient antibiotics are 
frequently inappropriately used for simple diarrhea in LMICs.

Several factors may particularly facilitate AR in LMIC. Regulations and over-
sight of drugs are often limited: physicians can receive substantial rewards for their 
prescribing practices from drug companies and pharmacies, and nearly all antibiot-
ics can be obtained over-the-counter without a prescription. Very broad-spectrum 
agents, which are not approved elsewhere, may come in oral form and be used rela-
tively unrestricted by the general population. For example, faropenem, an oral anti-
biotic structurally similar to the carbapenems, had a 150% increase in consumption 
in India in the 5 years after being introduced [17]. Also, the availability (and intake) 
of inferior quality drugs, and also fixed-dose antibiotic combinations which have 
not been adequately evaluated, can promote AR pathogen selection. Lastly, subop-
timal dosing and failure to complete outpatient antibiotics courses can allow AR 
organisms to persist, an issue which is relevant also in HIC.

As antibiotic use drives resistance, it follows that healthcare settings where anti-
biotics are most intensely used are centers for AR pathogen presence and 
 dissemination. Several important AR pathogens, such as MRSA, vancomycin-resis-
tant Enterococci (VRE), and Acinetobacter, are notorious for persisting in hospitals, 
on linens, medical equipment, and in water sources. Basic infection prevention (IP) 
measures by medical staff—especially consistent hand hygiene—along with atten-
tive environmental cleaning, can be highly effective in preventing the spread of AR 
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between patients and hospital wards; however, even in high-resource settings, 
adherence to such practices can be suboptimal and hospital-acquired infections are 
significant.

Low-resource inpatient settings, where overcrowding of patients, inadequate 
staffing, and limited clean water and IP knowledge are common, create a theoretical 
perfect storm for AR dissemination. While data is limited, based on an analysis of 
estimates from South Africa, hospital-acquired infections (HAI) rates could occur 
in 15% of hospitalized patients in LMICs, and HAIs may be among the most impor-
tant causes of mortality [18].
Finally, while AR transmission in outpatient settings lacks extensive study, it is well 
documented to occur. For example, MRSA acquisition has been linked to dialysis 
and cystic fibrosis clinics [19]. Again, characteristics typical of outpatient facilities 
in developing countries—a high volume and density of patients, many with conta-
gious symptoms and prolonged waiting times—are particularly conducive to AR 
contamination and propagation.

 Antibiotics in Agriculture and Environmental Contributors 
to Resistance

The volume of antibiotics used in agriculture well exceeds that related to human 
healthcare. 70 to 80% of the total volume of antibiotics sold in the USA is used for 
food animal production; in LMIC, the disproportion towards agriculture is even 
more pronounced. Antibiotics have long been used as a growth promoter, which 
traditionally has underlain the bulk of its administration to animals (rather than for 
disease treatment). Notably, the growing demand for protein food by economically 
ascending middle classes in LMICs, especially in Asia, is fueling a rapid increase in 
antimicrobial use in global agriculture. By 2030, an astonishing one-third of all 
antibiotics produced in the world are projected to be consumed by livestock in 
China [20].

Agricultural antibiotic use may expand global AR by various mechanisms, 
including the promotion of AR reservoirs in animals and the environment, and via 
direct transmission to humans. Robust studies from the USA and Europe demon-
strate that livestock given feed with antibiotics are prone to asymptomatically har-
bor AR bacteria (ARB), in their intestines and feces [21]. These ARB may then 
enter the food-chain and be acquired by humans, resulting in either immediate ill-
ness, or again latent carriage. Individuals who carry, or are “colonized” with ARB, 
may pass them to other persons or spaces, and also have the risk of later being 
personally infected by the organisms.

Foodborne outbreaks with drug-resistant enteric pathogens, such as Salmonella, 
Campylobacter, and E. coli, are not uncommon. In a striking example, urinary tract 
infections occurring in six states between 1999 and 2000, caused by a distinct clone 
of multidrug-resistant E. coli known as CgA, was suspected to be related to a 
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common food source [22]. Sophisticated molecular analysis found that the specific 
CgA E. coli detected in the human infections was highly similar (94% identical by 
pulse gel electrophoresis) to the E. coli found in a single cow sampled in 1998. In a 
university community where the MDR-E. coli infections had occurred, 40% of sam-
pled women were found to be intestinally colonized with the specific CgA E. coli at 
some point during the 6 months of testing (Figs. 9.4 and 9.5).

Outside of the direct connection to humans via food, agricultural practices have 
a profound impact on AR in our natural environment. Food animals’ ARB-containing 
fecal waste may be used as land-fertilizer, and otherwise reach bodies of water, from 
which they can further disperse. In one US study, concentrations of fecal ARB were 
up to 30 times higher in surface and groundwater downstream vs. upstream of a 
swine production facility [21]. Transmissible ARGs themselves may be exchanged, 
disseminate, and persist in environmental compartments.

Also, drug metabolites and residue from agricultural antibiotics may select for 
AR bacterial populations in the natural environment. Non-antibiotic chemicals, 
including nitrogen fertilizers and heavy metals, may similarly influence ARG and 
microorganism levels [9]. These last impacts are of particular concern in the rapidly 
growing global aquaculture sector, in which antibiotics and chemicals are frequently 
administered. Fish are known to be poor metabolizers of anti-infective agents; as a 
result, most antibiotics utilized in aquaculture are likely to remain in the environ-
ment [23]. In addition, fisheries may use open caged systems, in which farmed 
water fluidly flows into surrounding natural water bodies, and contamination can 
potentially be far reaching (Fig. 9.6).

Fig. 9.4 Poultry farm. (Source: Chicken Profile, Laura Hadden, 2002, CC BY 2.0. Image: www.
flickr.com/photos/raucousrage/47614557. License: https://creativecommons.org/licenses/by/2.0/)
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Independent of agriculture, water and waste are important environmental sources 
of antibiotic resistance, especially in LMIC.  NDM-1 (the plasmid-mediated 
carbapenem- resistance mechanism) has been found in several environmental and 
tap water sources in South Asia [24, 25]. Of great concern, sewage treatment centers 
in much of the world lack the technology—and also regulatory oversight—to ensure 
ARGs and ARB are effectively removed from municipal water supplies [26]. 
Investigations of areas near such wastewater treatment plants (WWTPs), and also 
surrounding major hospitals in the developing world, frequently detect multidrug 
resistant organisms and ARGs at high concentrations. Effluents from pharmaceuti-
cal and other industries in LMICs may also impact AR in the environment.

Fig. 9.5 Retail meats. (Source: Alan Levine, 2014, CC BY 2.0. Image: www.flickr.com/photos/
cogdog/15544154067. License: https://creativecommons.org/licenses/by/2.0/)
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Fig. 9.6 Fisheries in Laguna Lake, the Philippines. The 90,000-hectare Laguna Lake, the largest 
in-land lake in the Philippines, has 13,000 fishpens and fishcage operations. These fisheries are 
artificial and stationary water enclosures for the culture of fish and other aquatic animal species, 
made up of bamboo poles, wood, screen, and other construction materials, are arranged to prevent 
the escape of fish. In addition to being used by the aquaculture industry, the lake also serves as 
source of domestic water, irrigation water, and food for the growing duck industry. It is also a 
recreational area and tourist spot

Perspectives from the Field: Environmental Chemistry
Conventional treatment technologies used in municipal and hospital WWTPs 
are not designed to remove organic contaminants such as antibiotics, which 
allows their release into surface waters [27]. Similarly, disinfection with chlo-
rination or ultraviolet radiation is ineffective in eliminating antibiotic residues 
in effluents.

Influent and effluent WWTP samples from several nations were recently 
analyzed. Antimicrobial levels were generally higher in samples coming from 
lower income countries, such as Hong Kong and the Philippines, relative to 
the samples from Sweden, Switzerland, and the USA. Also, the differences in 
profiles reflected drug consumption patterns; e.g., influent and effluent sam-
ples had strikingly high levels of quinolone antibiotics in Hong Kong, and 
reached concentrations over 95,000 ng/L. [28] Antibiotic concentrations from 
Asian LMIC were consistently very high. In China, multiple antibiotics were 
around 900 ng/L, and 1066 ng/L was found in a sewage-impacted urban canal 
in the Philippines, compared to <200 ng/L in US and Swedish samples.

 Humans as Critical Reservoirs and Vehicles in Antimicrobial 
Resistance

As alluded to, animals and humans may be asymptomatic carriers of ARBs. The 
human gut is densely populated with diverse microorganisms: the colon typically 
has >100 bacterial species at 1012 bacteria/gram of content [29]. Organisms which 
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may harbor AR mechanisms, and also be pathogenic, such as E. coli and other 
Enterobacteriaceae, are normal members of intestinal microbiota. The human GI 
tract has been described as “an open system, which every day encounters a myriad 
of bacterial acquisitions originating from the environment (e.g. from food, water, 
soil, and other humans and animals)” [30]. As such, the human gut is an important 
locus for ARG exchange and endurance, and also ARB selection—particularly in 
the face of direct antibiotic exposure [29, 30].

Humans can acquire ARB with new interpersonal and environmental contact. In 
one study, a quarter of French families became colonized with the same AR enteric 
bacteria as their recently adopted children [31]. In particular, international travel has 
proven to be a significant risk factor for carriage and infection with ESBL-producing 
bacteria. Stool investigations of Scandinavian travelers have found that greater than 
20% acquired ESBL-producing bacteria during trips abroad; rates were the highest 
for those visiting Asia, and up to 80% for those who took antibiotics for diarrhea 
during their journey [32]. Perhaps most concerning, ESBL intestinal colonization 
rates are already strikingly high in many parts of the world: in South East Asia, 
community rates of 50–80% are typically found, and the densely populated region 
is estimated to have over 1.1 billion ESBL carriers [33]. In many senses, the increas-
ing interconnectivity of the world—particularly by food and people—potentiates 
rapid and widespread AR dissemination (Fig. 9.7).

 Combatting Antibiotic Resistance: Antibiotic Stewardship

Increasing conscientiousness and limiting antibiotic use are fundamental to contain 
antibiotic resistance. In human medicine this falls under the umbrella of antibiotic 
stewardship, which may be broadly characterized as “optimizing antimicrobial selec-
tion, dosing, route, and duration of therapy to maximize clinical cure, while limiting 
unintended consequences, such as the emergence of resistance, adverse drug events, 
and cost.” [34] Stewardship programs employ various strategies, including guidelines 
on appropriate antibiotic use, need for prior approval on specific broad-spectrum 
agents, and regular monitoring of antibiotic use with direct feedback to clinicians.

Antibiotic stewardship efforts have proven to be effective, but ongoing experi-
ence has revealed important challenges [13]. In one large medical system, an 80% 
decline of cephalosporin use through active institutional restriction led to a 44% 
decrease in ESBL-producing Klebsiella. A recent analysis of children’s hospitals 
with formal antibiotic stewardship programs (ASPs) found they had a 6% monthly 
decrease in overall antibiotic use [35]. However, the study also demonstrated that in 
the absence of such ASPs, use of new, broad-spectrum agents tends to steadily 
increase, as much as 15% per year. In a striking outpatient example, when community 
pediatricians were given a 1-h educational session, followed by a year of monitoring 
and direct feedback on their individual prescription patterns, broad-spectrum antibi-
otic utilization was cut in half; however, within 18 months of study completion, the rates 
of inappropriate prescribing rebounded to above the pre-intervention levels [36].
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Healthcare providers clearly have a strong inclination to use antibiotics, and to 
achieve meaningful reduction, oversight needs to be comprehensive and sustained. 
Patient’s awareness on antibiotics roles and potential risks, and their expectations 
on receiving them in clinic visits, also strongly influence antibiotic utilization. 
Providers are more likely to prescribe antibiotics when they believe their patients 
are expecting them, even when this has not been communicated, or the perception 
is incorrect [37]. Providers and patients’ both are often unaware of the rate of 
adverse effects of antibiotics, which in everyday clinical scenarios, may exceed the 
potential benefit. For example, for upper respiratory presentations, antibiotics are 
estimated to prevent a serious complication in only 1 in 4000 cases; in contrast, the 
risk of presenting to the ED for a drug reaction is 1/1000, and for experiencing 
antibiotic-associated diarrhea, up to 25% [38]. Greater attention to understanding 
and modifying health-seeking behaviors, along with improved education to the gen-
eral public on antibiotics, are all critical to impacting AR.

Fig. 9.7 Interrelations between humans, land, and animals in the development of antibiotic resis-
tance. (Source: Shamim Islam and Nicole C. Little)
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 Surveillance as a Cornerstone of AR Containment Activities

Systematic monitoring and international political commitment are perhaps the most 
essential pillars for global AR control. Collecting standardized data and examining 
trends from surveillance systems is an important foundation for understanding and 
communicating the magnitude of, and responding to, AR issues. In 2015 the World 
Health Organization launched a Global Action Plan (GAP) to standardize AR surveil-
lance, which received formal political endorsement by the United Nations in 2016.

Robust national and regional surveillance systems already exist in Europe and 
other areas, and the newly formed Global Antimicrobial Resistance Surveillance 
System (GLASS) partners with and supports these to capture clinical and epidemio-
logical data. However, the commitment and capacity to perform AR surveillance in 
LMIC varies considerably. Current global AR surveillance is also challenged by 
defining what exactly to measure and track—indices that are meaningful from 
human, animal, and planetary health perspectives, and that also capture the potential 
impact of AR at health, economic, and societal levels [39].

Perspectives from the Field: Food and Veterinary Science
The development of integrated surveillance systems for tracking antimicro-
bial resistance among foodborne bacteria is a critical component of AR con-
trol. One such program is the US National Antimicrobial Resistance 
Monitoring System (NARMS), a collaborative network of the Food and Drug 
Administration (FDA), CDC, Department of Agriculture, local public health 
departments, and several universities. NARMS monitors changes in suscepti-
bility/resistance of select zoonotic bacterial pathogens and commensal organ-
isms, recovered from food producing animals, retail meats and humans, to 
antimicrobials of human and veterinary importance.

One important example of how active surveillance influenced regulatory 
policy was the identification of emerging resistance to third generation cepha-
losporins among E. coli and Salmonella in Canada and the USA. Between 
2003 and 2008, the Canadian Surveillance Program (CIPARS) identified a 
strong correlation between ceftiofur-resistant Salmonella Heidelberg isolated 
from retail chicken and the incidence of ceftiofur-resistant S. Heidelberg 
human infections [40]. In Québec, ceftiofur resistance changes in chicken 
S. Heidelberg and E. coli isolates appeared related to changing levels of ceft-
iofur use in chicken hatcheries, from highest to lowest levels before and after 
a voluntary withdrawal, to increasing levels after reintroduction of ceftiofur 
use. These events provided strong evidence that ceftiofur use in chicken 
hatcheries selected for extended-spectrum cephalosporin resistance in food-
borne bacteria recovered from chicken and ill humans. Contemporaneously, 
NARMS observed a similar increase in ceftiofur resistance among certain 
strains of Salmonella spp. recovered from poultry, retail chicken, and humans, 
which led the FDA (in 2012) to prohibit extralabel cephalosporin use in vari-
ous livestock, including the practice of in ovo (egg embryo) chick injections.
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There are numerous additional areas critical to combatting AR, including better 
understanding the environmental dimensions of AR, the development of enhanced, 
accessible diagnostics for ARB and ARGs, and also improving mitigation technolo-
gies. Such and all AR efforts are best approached through a One Health framework 
of “collaborat[ion] of multiple disciplines—working locally, nationally, and glob-
ally—to attain optimal health for people, animals, and our environment [41].
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Chapter 10
The Importance and Challenge  
of Oral Health in LMICs: Perspectives 
from Dental Medicine, Dental 
Librarianship, and Dental Administration

Joseph E. Gambacorta, Elizabeth Stellrecht, and James M. Harris

 Introduction

Everyone will be impacted by oral disease at some point in life. Dental caries (tooth 
decay) is the most widespread chronic disease worldwide, impacting nearly 100% 
of adults and 60–90% of school children. In addition, about 30% of people aged 
65–74 have no natural teeth, and severe periodontal disease impacts 15–20% of 
middle-aged (35–44 years) adults globally [1]. These staggering statistics demon-
strate evidence of significant oral health neglect across the general population.

The FDI World Dental Federation defines oral health as “multi-faceted and 
includes the ability to speak, smile, smell, taste, touch, chew, swallow, and convey 
a range of emotions through facial expressions with confidence and without pain, 
discomfort, and disease of the craniofacial complex” [2]. The definition further 
states that oral health:

• Is a fundamental component of health and physical and mental well-being. It exists 
along a continuum influenced by the values and attitudes of individuals and 
communities.

• Reflects the physiological, social and psychological attributes that are essential to the 
quality of life.

• Is influenced by the individual’s changing experiences, perceptions, expectations and 
ability to adapt to circumstances. [2]

Oral health is defined by the World Health Organization (WHO) as “a state of 
being free from mouth and facial pain, oral and throat cancer, oral infections and 
sores, periodontal disease, tooth decay, tooth loss and disorders that limit an 
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 individual’s capacity in biting, chewing, smiling, speaking, and psychosocial well- 
being.” [1]

These two widely recognized definitions are complemented by the acknowledge-
ment that oral health is an essential component of overall health and is essential to 
the individual’s quality of life [3, 4].

 History of Dentistry

Many individuals do not give much thought to how their teeth and oral health affect 
daily life. Have you ever thought of how your daily life would be impacted if you 
needed to replace a missing front tooth, or if you had an infected tooth and were 
unable to find a dentist to provide treatment? Would you feel comfortable smiling or 
speaking in public with a missing tooth? Imagine eating, working, or going to 
school if you were constantly in pain.

Dentistry and oral health care have existed for thousands of years in some way, 
shape, or form across all cultures, but were not more formally recognized until the 
sixteenth and seventeenth centuries when barber-surgeons included dental proce-
dures such as tooth extractions in their wide range of medical services. Barber- 
surgeons were a guild of barbers who provided shaves and haircuts as well as 
surgeons who mostly learned their trade while practicing in the military [5]. While 
the individual practices were typically kept separate from one another, neither pro-
fession had a claim to dental practices, so both would often act as what we know as 
dentists. These barber-surgeons, many of which were questionable in their skills as 
medical practitioners as there were no enforced professional standards as this time, 
often earned nicknames such as “tooth breaker” and “snatcher of teeth.”

Dental medicine became an organized profession in the nineteenth century with 
both the first dental college opening in 1840 as well as the formation of the first 
national organization of dentists in the world [5]. This formal organization has led 
to what we recognize as dental medicine today: professionally educated practitio-
ners practicing dental medicine in a clean, sterile environment. Despite the impor-
tance and formal organization of dentistry, the profession has evolved independently 
from medicine. Globally, this disconnect has contributed to health care policy lack-
ing an oral care component [6].

Research has proven that correlations exist between oral and systemic health. 
These discoveries have propelled dental professionals to assume a more active 
role in the provision of primary medical services by monitoring health risks, 
expanding preventive services, and screening for specific conditions such as dia-
betes and cardiovascular disease [7–9]. This shift in patient care has reinforced the 
importance of early intervention in diagnosing disease, and how integrating oral 
care into primary medical care can impact the proliferation of the burden of 
chronic and oral disease on already strained health systems in low- and middle-
income countries.
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Collaborative practice is the key to resolving what challenges currently exist in 
oral health care. It is important to focus energies to create educational programs to 
limit the impact of disease on strained health care systems [10].

 The Oral Systemic Connection and the Burden of Disease

The mouth is a central element in interpersonal communication, a major sensory 
organ, the portal through which virtually all sustenance is ingested and, very impor-
tantly, a “window to the body” through which many diseases can be diagnosed [10]. 
Associations between oral conditions and general health include periodontal (gum) 
disease with preterm and low-birth-weight babies, cardiovascular disease, diabetes, 
and cancers of the gastrointestinal tract and pancreas. Oral infections are linked to 
pneumonia, stomach ulcers and infections of the heart, brain, and other organs (see 
Fig. 10.1) [2]. “It is likely that systemic exposure to oral bacteria impacts upon the 
initiation and progression of cardiovascular disease through triggering of inflamma-
tory processes” [8]. It has been reported inflammation by bacteria can accelerate 
atherosclerosis, and that oral bacteria has been found in human atherosclerotic 
plaques [11].

Most oral diseases share common risk factors with non-communicable diseases 
(NCDs), including poor diets (especially those high in sugar, saturated fat, and salt), 
tobacco, and alcohol use. A NCD is a medical condition that is not caused by an 
infectious agent. Typically, it takes a long time to develop, with no apparent signs or 
symptoms until the disease has reached an advanced stage. The WHO reports that 
NCDs kill 40 million people annually, equivalent to 70% of all deaths worldwide. 
Cardiovascular disease is the most prevalent NCD, accounting for 17.7 million 
deaths annually. Other examples of highly prevalent NCDs are cancers, chronic 
respiratory diseases (i.e., chronic obstructive pulmonary disease (COPD) and 
asthma), and diabetes. Of the 15 million individuals who die from an NCD between 
the ages of 30 and 69 years, 80% (12 million) reside in low- and middle-income 
countries [1].

According to a 2015 report from the FDI World Dental Federation, “Dental car-
ies is the most common childhood disease as well as affects people throughout their 
lifetime, and is the common NCD worldwide” [2]. In 2010, it was estimated that 
three billion people had untreated dental decay while in comparison, one billion 
suffered from chronic migraine headaches, 549 million suffered from diabetes, and 
150 million suffered from asthma (see Fig. 10.2) [2].

Besides dental caries, there are several other common oral conditions which 
negatively affect the world’s population on a daily basis. For instance, the primary 
cause of tooth loss in adults is periodontal disease that affects 5–20% of popula-
tions globally; oral cancers are the eighth most common cancer; 50% of 
HIV- positive patients have symptoms that manifest themselves as oral lesions and 
ulcers that cause pain and represent a source of opportunistic infections. Noma, a 
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“disfiguring gangrene that rapidly spreads and destroys facial soft tissue and bone” 
is  primarily associated with poor hygiene, malnutrition, and compromised immu-
nity. Oral cleft lips and palates are a common congenital problem that occurs most 
commonly in Asian countries. Finally, tooth trauma, commonly associated with 
unsafe environments and sports activities, is also common in automobile accidents 
and violent environments; these conditions often require specialty treatment and 
rehabilitation, which in many cases is either unaffordable or unavailable [12].

In 2011, the United Nations (UN) General Assembly adopted the Political 
Declaration of the High-level Meeting of the General Assembly on the Prevention 
and Control of Non-communicable Diseases (NCDs), which recognized oral dis-
eases as significant public health problems for the first time in a UN resolution [13]. 
For oral diseases to be included in this declaration, all 193 UN member states 

Fig. 10.1 The mouth and the body are connected. (Source: leonardforsyth284, 2018, CC BY 2.0. 
Image adapted from: https://www.flickr.com/photos/160681424@N07/26312519447. License: 
https://creativecommons.org/licenses/by/2.0/)
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needed to come to a consensus acceptable to all member state governments. In 
article 19 of the Declaration, member states recognize that “renal, oral, and eye 
diseases pose a major health burden for many countries and that these diseases share 
common risk factors and can benefit from common responses to non-communicable 
diseases” [14]. This recognition of the importance of treating oral disease in con-
junction with NCDs within an official UN resolution will motivate the global health 
care community, educators, and governments to allocate resources to improve the 
prevention and treatment of all NCDs.

 Social Determinants of General and Oral Health

Oral health is impacted by a wide range of social determinants, defined by WHO as 
“the circumstances in which people are born, grow up, live, work and age” [2]. 
These factors are often influenced by wider socioeconomic and political conditions 
over which populations typically have little or no control over and largely determine 
the choices people make and the behaviors they adopt.

All major NCDs, including oral diseases, share the same social determinants and 
common risk factors that include poverty, sugar, tobacco, alcohol, and poor diet. 
Worldwide consumption of sugar has tripled over the past 50 years, and this increase 
is expected to continue rising in low- and middle-income countries. Sugar con-
sumption changes the mix of normal bacteria in the mouth to bacteria that converts 

Fig. 10.2 Estimated number of people affected by common diseases 2010. (Source: The Challenge 
of Oral Disease—A call for global action. The Oral Health Atlas. 2nd ed. Geneva: FDI World 
Dental Federation; 2015 p.16)
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sugars to acid. The acid demineralizes a tooth’s protective covering, enamel, which 
leads to dental caries. Repeated exposure to sugar throughout the day, in conjunc-
tion with little or no oral care, increases the frequency of acid attacks and the risk of 
developing tooth decay. In 2011, WHO reported that average sugar consumption per 
individual per day is 109 grams globally and 166 grams in the USA [2]. There are 
two types of sugars in our diets: naturally occurring, which are found naturally in 
foods such as fruit (fructose) and milk (lactose), and added, which include any sug-
ars or caloric sweeteners (high fructose corn syrup) added to foods during process-
ing or preparation. The American Heart Association recommends limiting the 
amount of added sugars consumed to no more than 100 calories (6 teaspoons or 24 
grams) per day for women and no more than 150 calories (9 teaspoons or 36 grams) 
per day for men [15]. Several countries have implemented initiatives to educate 
people on the importance of reducing sugar intake, limiting the content of sugar in 
food and drinks, and enhancing regulations to ensure proper labelling of food that 
clearly states the amount of sugar products contain.

WHO reports that tobacco use is the most common cause of preventable death 
globally. In fact, as reported in the 2015 Oral Health Atlas, “cigarettes kill half of all 
lifetime users, and in the 20th century, tobacco use caused 100 million deaths. This 
number is expected to rise to 1 billion in the 21st century if smoking patterns remain 
unchanged. Moreover, exposure to secondhand smoke accounts for approximately 
600,000 deaths each year.” [2] It has been proven that smoking is linked to oral 
cancer, periodontal disease, and congenital defects in newborns. Smoking impacts 
the quality of life in several ways, as it causes bad breath, premature loss of teeth, 
slowed wound healing, suppression of immune response to oral infections, and pro-
motion of gum disease in diabetics. It is estimated that over half of the cases of gum 
disease in the USA are caused by smoking [16], and that 90% of cancers of the oral 
cavity are caused by tobacco use [3].

The consumption of alcohol can be a large detriment to overall health. The exces-
sive use of alcohol often results in substantial health, social, and economic liabilities 
on infrastructures in society. Alcohol by itself or in conjunction with tobacco can be 
a major risk factor for cancers of the mouth, larynx, pharynx, and esophagus, and is 
linked to other oral diseases such as periodontal disease [2]. Alcohol use increases 
the risk of facial and dental injuries through falls, traffic accidents, or interpersonal 
violence. Some alcoholic drinks are high in sugar which can contribute to increased 
risk for dental caries.

Oral diseases pose public health issues due to their prevalence, expense of treat-
ment, and impact on individuals and society. Since NCDs and oral diseases are 
progressive, patients are often undiagnosed until symptoms such as pain or swelling 
present. The sudden onset of symptoms forces patients to seek urgent care, which in 
many cases is not readily available. Health and dental care systems in most coun-
tries, including the USA, are not sufficient to cope with the demands on oral health 
care. While 45% of the 194 WHO member states report to have less than one physi-
cian per 1000 population, over 93% report to have less than one dentistry personnel 
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per 1000 population [17]. These shortages represent the necessity to shift basic 
primary oral care to non-oral health care personnel. Providing additional oral health 
training for doctors, nurses, clinical officers, teachers, and community health 
 workers can help meet some of the unmet need for dental services (see Fig. 10.3) [18].

For low- and middle-income countries, the ability to meet the current need for 
treatment is more than most health care budgets can accommodate, which often 
makes prevention the most viable option to address the increasing burden of oral 
disease [19]. Governments and health care systems need to focus their efforts in 
designing programming that involves conducting risk assessments, providing 
 preventive services (i.e., fluoride treatments and pit and fissure sealants) along with 
educating and training the target population. Providing education and training will 
empower communities to better understand how lifestyle choices can impact health, 
the importance of incorporating prevention into daily life, and how to manage dis-
ease. Interventions that can be introduced into communities include incorporating 
education on brushing after meals with a fluoride toothpaste into schools, reducing 
snacks that contain refined sugars, proper hand hygiene, and training local clini-
cians on the importance of infection control protocols in preventing cross contami-
nation of patients.

Fig. 10.3 Relations between oral health and overall health. (Source: Nicole C. Little and Joseph 
E. Gambacorta)
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The correlation between oral disease and NCDs is not only limited to systemic 
factors. Social, economic, and environmental factors impact disease prevalence as 
well, such as poverty, unemployment, access to providers, and education. Oral 
health care providers, public health workers, and government policy creators need 
to coordinate efforts together to diminish the burden of oral disease worldwide [10].

 Capacity Building

Many low- and middle-income countries are changing. Development, population 
migration, enhanced availability of resources like electricity and the internet, com-
bined with a shift in the availability and consumption of processed foods rich in 
carbohydrates, fats, and sugars are helping drive the transformation. Progress has 
brought many advances, but unfortunately education on how to use and manage 
new-found materialism has not occurred [20].

According to Wagner Marcenes, director of research at Barts Health NHS Trust 
in London, “if left untreated, dental disease can cause severe pain, infection and 
negatively impact the quality of life, children’s growth, school attendance and per-
formance, and can lead to poor productivity at work and absenteeism in adults.” [19] 
There are biological, individual, family, and community level influences that impact 
the development of disease [2]. Policy makers need to understand that causation is 
multifactorial and that care delivery systems must be designed not only to address 
disease, but to introduce strategies to assist communities to better provide for 
themselves.

Despite progress and advances, the state of the world’s oral health is still 
neglected. Among global health care issues, oral health is often a low priority as it 
is not viewed with the same urgency by governments and national health systems 
even though almost all individuals are impacted by oral health care issues in their 
lifetime [2]. Introducing oral health care initiatives will positively impact communi-
ties they are directed toward. Improvements in quality of life include: 

• Treatment of active disease: Dentists have the capacity to relieve pain caused by 
untreated disease that will positively impact those fortunate enough to receive 
care. Providing quality clinical care including fillings, extractions, replacement 
of missing teeth, fluoride treatments, and management of infectious processes 
can alleviate pain, suffering, restore confidence, and enhance patient’s ability to 
chew.

• Addressing risk factors: Programs demonstrating the links between diet, social 
habits, and health can be impactful in decreasing the burden of oral and other 
chronic diseases [19]. Training sessions must focus on the importance of the fol-
lowing: (1). reducing sugar intake to prevent tooth decay and diabetes; (2). con-
suming more fruits and vegetables to protect against some cancers; (3). 
eliminating tobacco and alcohol use to reduce the risk of developing respiratory 
conditions, heart problems, periodontal disease, and tooth loss; and (4). oral 
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hygiene instruction focusing on the importance of prevention by developing con-
sistent brushing habits, seeking care before problems present, and using tooth-
paste with therapeutic levels of fluoride or introducing a fluoride supplement.

• Promotion of infection control standards: Evidence suggests that infection con-
trol protocols followed by healthcare workers in developing countries are less 
than optimal; for example, the reuse of needles, syringes, and other instruments 
between patients is commonplace [21]. The recent Ebola outbreak in West Africa 
and worldwide panic that ensued was linked to healthcare workers not following 
proper infection control guidelines. Working to improve infection control stan-
dards and providing hands on training along with educational materials will 
decrease treatment complications, assist practitioners in enhancing credibility 
within the community, and help protect the public against the spread of life- 
threatening infections such as HIV and hepatitis.

• Establishing school based education and screening programs: Established school 
based health programs offer an ideal platform to introduce oral health promotion 
through education as well as daily tooth brushing with a fluoride toothpaste [22]. 
These sustainable interventions are designed not only to educate school children 
and their families on the importance of oral care, but to promote good habits, 
conduct risk assessments, provide preventive services, screen for early stage dis-
ease, refer for treatment when appropriate, and to help reinforce the relevance of 
oral health to overall health.

• Training non-dentists: Oral healthcare is best delivered by a team led by a trained 
dentist, but availability and affordability are major barriers in accessing care. 
“Differences in disease burden, inequalities in access to care, and the unequal 
distribution of dentists within nations present major challenges to global health-
care systems” [2]. Collaborating with local practitioners on the delivery of care 
during an outreach event provides the perfect setting for volunteers to educate 
non-dentists on how to recognize and treat dental disease. Examples of programs 
that have been established include training teachers on how to apply pit and fis-
sure sealants to their students while in school, and expanding the scope of prac-
tice of existing public healthcare workers to include simple extractions, treatment 
of infections, and the restoration of teeth. The gap between burden of disease and 
availability of care can be addressed by having a mix of mid-level providers, and 
others to assist trained dentists in the delivery of care [2].

 Organizing a Dental Outreach Intervention

There are no data published on how many dental professionals or dental teams serve 
on short term-mission trips annually [23]. Several volunteer opportunities exist 
locally, domestically, and internationally where practitioners can partner with orga-
nizations such as church groups, dental schools, non-governmental organizations 
(NGOs), and professional organizations to lend their talents to alleviating the pain 
and suffering attributed to untreated dental disease.
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When soliciting volunteers, it is important to remember that the success of any 
outreach is not solely dependent upon recruiting trained healthcare workers special-
izing in direct patient care. You do not have to be a physician, nurse, or dentist to 
participate in an outreach intervention. Non-medical volunteers provide essential 
functionality including but not limited to translation, crowd control, transportation, 
food preparation, equipment repair, sterilization, and custodial services.

Several approaches exist when coordinating volunteers to participate in outreach 
missions. No matter what method is utilized, every organizing committee must first 
establish the goal of the intervention and determine if capacity exists to achieve it. 
When evaluating capacity, certain essential factors must be considered before any-
one makes travel plans such as:

• Identifying local partners: As the previously mentioned data indicate, there is no 
shortage of need for oral health care across the world. Selecting a destination 
with established local contacts is essential to meeting established goals and 
assuring the well-being of volunteers. Local partners act as liaisons with govern-
mental agencies, secure clinic sites, coordinate translation services, and recruit 
patients, as well as provide security, transportation, food, lodging, and if neces-
sary, emergency support of patients and volunteers.

• Scope of practice: Before determining what treatment options the team plans on 
offering, a health needs assessment of the target population must be conducted. 
Having a comprehensive understanding of the needs and customs of a commu-
nity is essential to building trust with the host community, empowering volun-
teers, guiding educational programming, assuring acceptance of proposed 
treatment, and enhancing outcomes. Another benefit to establishing the scope of 
practice before departure is that it will assist organizers in determining what 
materials, instruments, and equipment are needed to deliver care.

• Selecting a team: Everyone has strengths and weaknesses. Only by first estab-
lishing the scope of practice as well as associated logistical and clinic workflows 
will organizers be able to select team members. A comprehensive review of how 
the individual strengths of practitioners and support staff align with mission 
goals, clinic site capacity, population needs, and logistics of the mission will help 
maximize the impact of the outreach as well as the cohesiveness of the group.

• Training Volunteers: Once the selection process is complete, the focus will shift 
toward building the team and preparing for departure. Establishing programming 
to educate volunteers will assist in coordinating travel plans, how to meet gov-
ernmental requirements for tourism and clinical practice, understanding roles in 
established workflows, developing educational messaging, and creating cultural 
competency. The goal is to build a team that works well together and that is pre-
pared, confident, focused, cohesive, and adaptive in order to best meet the needs 
of the community they will be serving.

Concern has been expressed as to the real benefits of volunteer actions. Due to 
the temporary nature of outreach missions, it is possible that there might be more 
harm than benefit to the host community [24]. This is based on the fact that dental 
outreach missions have traditionally been organized as short term clinically focused 
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interventions which function primarily to relieve pain by extracting teeth. In addi-
tion, preventive services, such as cleanings and fluoride treatments, and direct 
restorative procedures (fillings) comprise the scope of care that can also be deliv-
ered to most populations during an outreach event. These actions address immediate 
needs, but on their own, these treatments provide little or no long-term benefits and 
do nothing to address the global epidemic of dental caries (tooth decay) [1].

WHO allocates resources to implement oral health education and preventive pro-
grams to assist populations on becoming more self-reliant and to decrease the bur-
den of disease. For example, WHO has established programs to integrate oral health 
into school health nutrition programs, and has sponsored initiatives to introduce 
fluoride into milk and the water supply as a measure to prevent dental caries [25]. 
Unfortunately, these programs, designed to create new cultural norms, take time, if 
meaningful change happens at all. These factors, in conjunction with a lack of train-
ing programs, adequate supplies, and proper facilities, make the need for short term 
missions a reality for several communities.

Since the time spent and services typically offered are  limited, the number of 
individuals who actually receive care is low. Without providing long-term solutions, 
this raises several ethical issues, as single visit outreach missions will not provide a 
sustainable methodology to address oral disease. Mission teams must collaborate 
with local agencies to provide education, training, and resources for patients to 
receive care once the volunteers have departed [26]. Because of this, the following 
things should be kept in mind:

• Providing dental care is vastly different than offering primary medical care. 
Dentistry is predominately a procedurally based discipline, where in a majority 
of cases patients undergo minor surgical procedures at each encounter. In any 
setting with limited resources, the provision of dental care requires additional 
extensive planning, materials, and equipment not required by primary care pro-
viders [23]. Delivery of this specialized care mandates not only competent prac-
titioners but numerous trained and untrained support staff. Clinic infrastructure 
must have the physical space to support the entire team and the delivery of care 
by providing adequate shelter, reliable electricity, water, waste disposal, safety, 
and if necessary, equipment repair.

• Radiographs (X-rays) are instrumental in assisting with the diagnosis of disease. 
The likelihood that any technology is available on site especially in rural settings 
is remote. Portable equipment is available, but is expensive, difficult to travel 
with, and requires a methodology to view captured images. If necessary equip-
ment is unavailable, disease can remain undiagnosed, which will negatively 
impact patients after the volunteers leave.

• Organizers must assure that all volunteers wear appropriate personnel protection 
equipment (PPE) and follow universal precautions to help prevent accidents in 
the clinic. Percutaneous exposures or other accidents typically occur when vol-
unteers are in a hurry, tired, or do not follow established policies and procedures. 
The best protection for volunteers to avoid exposure or injury is to thoroughly 
wash hands, use gloves, masks, protective eyewear, and gowns, take regular 
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breaks, remain hydrated, minimize blood splattering during procedures, and 
exercise extreme caution when handling sharps (blades and needles) or poten-
tially infectious materials [27].

Globally, healthcare professionals and NGOs have the capabilities of making a 
substantial impact on the burden of oral and systemic disease. First, a cultural shift 
from short, service-orientated missions to capacity building of health care systems 
and communities through the implementation of education and training programs 
must take place in order to maximize the outcomes of outreach interventions. It is 
recommended that anyone interested in organizing or participating in a dental out-
reach should first learn about the laws of the country, speak with local dentists to 
determine their needs and challenges, and aim for sustainable results through educa-
tion and prevention [28]. Volunteering can be an incredibly rewarding experience 
and it will be even more rewarding if it brings lasting change to the host commu-
nity [20].

 Key Terms

 1. community health workers (CHW)—are frontline public health workers who 
have a close understanding of the community they serve.

 2. cross contamination—the process by which bacteria or other microorganisms 
are unintentionally transferred from one person to another, with harmful effect.

 3. cultural competency—ability to interact effectively and be respectful and 
responsive to the beliefs and practices of diverse population groups.

 4. FDI World Dental Federation—the principal representative body for over one 
million dentists worldwide, developing health policy and continuing education 
programs, speaking as a unified voice for dentistry in international advocacy, 
and supporting member associations in oral health promotion activities 
worldwide.

 5. health needs assessment—a systematic method of identifying unmet health and 
healthcare needs of a population and making changes to meet these unmet 
needs.

 6. low- and middle-income countries—economies with a gross national income 
(GNI) per capita between $1026 and $4035 annually.

 7. mid-level providers—healthcare providers who are trained to provide care in a 
discipline beyond their established scope of practice or level of expertise.

 8. non-governmental organization (NGO)—any non-profit, voluntary citizens’ 
group which is organized on a local, national, or international level.

 9. percutaneous exposure—the penetration of the skin by a needle or other sharp 
object, which has been in contact with blood, tissue, or other body fluids before 
the exposure.

 10. personnel protection equipment (PPE)—refers to protective clothing, helmets, 
goggles, or other garments or equipment designed to protect the wearer’s body 
from injury or infection.
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 11. pit and fissure sealant—material that is introduced into the pits and fissures of 
caries susceptible teeth, thus forming micromechanically bonded protective 
layer cutting access of caries producing bacteria from their source of 
nutrients.

 12. risk assessments—a condition targeted evaluation instrument designed to 
access contributing factors to disease. A common example in dentistry is the 
caries risk assessment.

 13. universal precautions—is an approach to infection control to treat all human 
blood and certain human body fluids as if they were known to be infectious for 
HIV, HBV, and other blood borne pathogens.

 14. World Health Organization (WHO)—a specialized agency of the United 
Nations established in 1948 that directs and coordinates international public 
health initiatives and policy.

Voices from the Field: Evolution of an Outreach
Senegal is a country in West Africa with a population of over 16 million peo-
ple. In Senegal, oral health and dentistry are negatively impacted by the same 
factors as most other developing nations: poverty, malnutrition, child mortal-
ity, and the lack of national policy or funding dedicated to oral health. The 
Ministry of Health reported in 2014 that there is one dentist per 27,000 inhab-
itants, and 74% of practicing dentists are working in the capital region of 
Dakar [29]. This dearth of practitioners creates a huge disparity in access to 
care across the remainder of the country.

In 2014 the University at Buffalo School of Dental Medicine (UB-SDM) 
began coordinating service learning experiences with faculty, staff, and stu-
dents from the Ecole Dentaire Internationale (ECD) of the El Hagji Ibrahima 
Niasse University, and a public health dental clinic in Dakar, Senegal. Through 
the years, strengthening partnerships, improving workflows, enhancing treat-
ment options offered, and increasing the number of faculty, staff, and student 
volunteers have positively impacted the total number of patients who have 
received treatment. Delivering care in conjunction with local providers has 
also benefited patients in assuring that reliable follow-up care is available 
after volunteers depart. Although positive steps have been made, the scope of 
these interventions has remained short term and primarily clinically focused.

The clinic design has evolved from a small five-station clinic arranged in a 
conference center to utilizing multiple treatment areas at the ECD and/or the 
public health clinic. Preventive, restorative, and exodontia services are deliv-
ered free of charge to both pediatric and adult patients in need. All patients are 
assigned a tracking number, screened with the assistance of a translator, and 
referred to one of three clinics (pediatric, restorative, and oral surgery) for 
care. Student providers rotate through each clinic and provide care under the 
supervision of discipline specific faculty. In-progress and completed treat-
ment is documented on the screening form, and retained by representatives 

continued
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population.
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Chapter 11
The Hidden Risks of E-Waste: Perspectives 
from Environmental Engineering, 
Epidemiology, Environmental Health, 
and Human–Computer Interaction

Nirupam Aich, Katarzyna Kordas, Syed Ishtiaque Ahmed, 
and Tara Sabo-Attwood

 Brief Overview

Electronic waste (e-waste) is a rising global environmental and health inequity 
issue. Rapid and excessive manufacture and use of electronics is causing global 
e-waste buildup. While there is an opportunity to recover important and/or expen-
sive resources (e.g., recovery of plastic, copper, gold, and platinum) via recycling, 
these discarded electronics contain many hazardous contaminants including heavy 
metals (e.g., lead, chromium, copper, mercury, nickel, zinc) and organic compounds 
(e.g., halogenated flame retardants). Each of these chemicals has been linked with 
adverse health effects, i.e., respiratory diseases, impairment of central nervous sys-
tems, carcinogenesis, and others. Because proper and safe e-waste recycling is 
expensive, informal recycling abounds, and illegal flows of e-waste (~60–90% of 
globally produced e-waste) occur from high- to low- and middle-income countries 
(LMICs). The informal repair and recycling of electronic devices in LMICs often 
occur without implementing proper protective measures for the workers or their 
environment. Commonly, e-waste repair/recycling workers are from poor and mar-
ginalized populations and in many cases, represent highly susceptible groups, such 
pregnant women and children. These individuals are resource limited and cannot 
afford or demand protective safety measures and adequate health-care. Therefore, 
the risks of environmental pollution and health hazards associated with exposure to 
toxic elements and compounds used in electronic components are high. In this 
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 chapter, we discuss how the technological advancement of the electronics field has 
given rise to a worldwide problem of rapid growth and inadequate management of 
e-waste; how the  current practices of informal e-waste repair and recycling in 
LMICs result in environmental pollution and adverse health effects for marginal-
ized population; and how the challenges associated with e-waste management, envi-
ronmental issues, and health may be addressed.

 Progress in Nanotechnology, Growing E-Waste Burden, 
and Inadequate E-Waste Management

Continuous scientific and technological advancements help us to lead comfortable 
lives, but come at a high price by directly or indirectly creating burdens on the envi-
ronment (i.e., pollution, climate change) and human populations (i.e., health, eco-
nomic). For example, outdoor and indoor air pollution created by industries and 
transportation sectors is the cause of 1 in 9 deaths worldwide according to the World 
Health Organization (WHO) [1]. But air pollution does not affect all people equally; 
there is evidence that poor communities bear a disproportionate health burden in 
many parts of the world [2]. Rapid technological advancement contributes to other 
equally important but not well known or not so easily-detectable problems.

The field of modern-day electronics has been undergoing rapid change due, in 
part, to recent advancement in nanotechnology which offers the ability to manipu-
late materials at the nanometer level, or more precisely, at a length scale of one 
billionth of a meter. To put it into perspective, 80,000 nanometers can fit within the 
width of a single human hair. The invention and advancement of electron micros-
copy and other sophisticated instrumentation during the early 1980s allowed us to 
visualize, discover, and work at the nanoscale and with nanomaterials, paving the 
way for the shrinking of electronics from room-size computers to smartphones. 
Such rapid growth of nanotechnology has contributed to the creation of a large vol-
ume of diverse electronic devices that quickly become obsolete, thus contributing to 
the accumulation of electronic waste.

By definition, e-waste or waste electrical and electronic equipment (WEEE) 
refers to any device that operates with electrical power [3]. E-wastes are classified 
into six categories: (1) Temperature exchange equipment: refrigerators, freezers, air 
conditioners, heat pumps; (2) Screens and monitors: televisions, monitors, laptops, 
notebooks, and tablets; (3) Lamps: fluorescent, high intensity discharge, and LED; 
(4) Large equipment: washers/dryers, dish-washer, electric stoves, printers/copiers, 
solar panels; (5) Small equipment: vacuum cleaners, microwaves, toasters, electric 
kettles, electric shavers, digital scales, calculator, radio sets, video cameras, elec-
tronic toys, small medical devices; (6) Small IT and telecommunication equipment: 
cell phones, GPS, pocket calculators, personal computers [4]. Currently, e-waste is 
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the fastest growing waste stream in the world. The amount of e-waste generated in 
2016 was 44.7 million metric tons (MMT), an 8% increase from 2014, and is 
 projected to reach 52.2 MMT by 2021 [5]. To provide a perspective, the 44.7 MMT 
e-waste is equivalent to 4500 Eiffel Towers and equals 5.8 kg per capita globally. 
While this mass of e-waste provides a source for harvesting valuable materials, lack 
of proper management and recycling has created a growing environmental and 
health hazard on a global scale.

Electronics contain different parts, made from metals and plastics, including pro-
tective casing and structural support, displays/screens, memory devices, lighting 
devices, battery/energy storage, wires and cables, etc. These parts provide a great 
source from which we can recover precious metals (e.g., gold, silver, and other rare 
earth elements) that have economic value. With such potential, in 2016, e-waste was 
valued at an estimated 70 billion dollars [5]. This “urban mining of e-waste” can 
reduce the cost of raw material production up to 90% compared to the “conventional 
mining of natural resources.” However, these same electronics that provide valuable 
resources contain a range of toxic contaminants like heavy metals (e.g., lead, mer-
cury, copper, cadmium) and various persistent organic pollutants (POPs), e.g., poly-
chlorinated biphenyls (PCBs) and brominated flame retardants, in many cases, at 
concentrations that pose significant health concerns.

Both the excellent promise for resource recovery and the concern about potential 
toxicity from e-waste derived contaminants have led to the creation of formal and 
high-tech e-waste recycling facilities in many parts of the world. The formal e-waste 
repair/recycling facilities are typically large scale industries that often use either 
state-of-the-art machineries/tools or highly skilled/trained laborers with proper per-
sonal protective equipment (e.g., facemasks, hard hats, gloves, protective suit) to 
perform e-waste breakdown and extraction of resources. Unfortunately, formal 
e-waste recycling processes are expensive and contribute to recycling of only ~20% 
of e-waste, primarily in high-income countries [5]. In parallel, e-waste is illegally 
exported to countries in Africa and Asia, including China, Ghana, Nigeria, Thailand, 
Philippines, Vietnam, India, Pakistan, and Bangladesh. E-waste recycling in LMICs 
is primarily informal, characterized by manual labor in discrete small shop-setting 
(both indoor and roadside open-to-outdoor types) without proper personal protec-
tive equipment for dismantling, separation, burning, melting, and chemical degrada-
tion of components.

Such informal e-waste recycling—largely performed in open spaces by bare 
hands with simple tools such as screwdrivers and pliers, and without adequate per-
sonal protection—poses a significant health hazard to workers via direct exposure 
to toxic chemicals, and to people living close to e-waste sites through contaminated 
air, water, and soil. Rapid growth of e-waste globally, lack of proper management 
and regulation strategies in LMICs, economic incentives to perform low-cost infor-
mal recycling, and the absence of solutions to protect workers have resulted in 
e-waste derived environmental and health hazards, as discussed below.
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 Informal E-Waste Recycling and Environmental Pollution

Figure 11.1d–g shows the steps of informal recycling documented during a survey 
in Bangladesh. These practices are similar to those observed in other LMICs. The 
informal e-waste recycling process starts with physical dismantling of different 
materials including plastics, metal parts, and glass using hammers, chisels, and 
screwdrivers [6]. Printed circuit boards obtained from computers/laptops/phones 
are often heated on coal-fired grills in open spaces to separate the metal-containing 
components (e.g., iron, copper) from the plastic parts manually using hand-held 
tools. The epoxy, fiberglass, aluminum, and/or woven papers that make the sub-
strates are burned in the process which can release metals and POPs into the sur-
rounding environment. Precious metals are often recovered by dissolving the 
electronic parts in strong acids which in itself is a highly hazardous process, and the 
resulting waste acids that contain toxic heavy metals are often discarded into open 
water bodies and soil. Manual stripping and burning of plastics are performed to 
recover copper, a practice which often releases organic contaminants including 
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans 
(PCDFs), polybrominated diphenyl ethers (PBDEs), polycyclic aromatic hydrocar-
bons (PAHs), and perfluoroalkyls (PFOA). Moreover, plastics are shredded, washed 
with water, and melted without proper ventilation to obtain pelletized forms for 
reuse. The unsalvageable parts are often burned or disposed to land and water 
 bodies, causing pollution of atmospheric, aquatic, and terrestrial ecosystems [7]. 
Table 11.1 shows a list of different contaminants present in e-waste and their associ-
ated adverse human health effects.

Bangladesh Case Study Part 1: Rise of Digital Bangladesh, Ship 
Breaking Industry, and E-Waste Repair and Recycling in Bangladesh
Bangladesh is a small LMIC. Its area is 66 times smaller than the USA, but its 
population (~170 million) is half that of the USA. The rapid economic devel-
opment of Bangladesh in the last decade has empowered its people with 
increased disposable purchasing power, which has led to the increased usage 
and disposal of electronics. Uniquely, Bangladesh is undergoing a strategic 
implementation of information and communication technology (ICT) devel-
opment program named “Digital Bangladesh” as part of the government’s 
“Vision 2021” to rapidly improve the education, health, and the financial situ-
ation of the population by infrastructure building and employment of digital 
technology [8]. Between 2004 and December 2017, the number of mobile and 
internet network subscribers increased from 5 to 140 million and from <1 to 
80 million, respectively [9]. This staggering jump in electronics consumption 
has led to increased e-waste disposal, repair, and recycling. Moreover, 
Bangladesh is home to the second largest ship breaking industry in the world 
that produces significantly more e-waste than consumer electronics, but is not 
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typically accounted for in the global e-waste mapping [10]. There is no effort 
by the government to estimate the quantity, sources, or composition of any 
e-waste recycled in Bangladesh. A recent study by a non-government agency 
Environment and Social Development Organization (ESDO) showed an 
increase of e-waste in Bangladesh from 2.7 million metric tons in 2010 to ten 
million metric tons in 2015 [11].

All the e-waste undergoes informal recycling in different urban pockets, 
largely in the capital city Dhaka and the second largest, port city of Chittagong. 
Due to people’s low incomes, Bangladesh has an electronics repair culture, 
which impedes somewhat the rate of e-waste generation. Figure 11.1 shows 
the examples of e-waste repair and recycling activities in Dhaka city. Both 
repair and recycling activities occur in informal setting and involve manual 
processing with little appropriate personal and environmental protection 
against contaminant release and exposure. While formal large scale industrial 
facilities in developed countries consists of high-tech machineries, an orga-
nized labor force equipped with advanced tools and personal protective equip-
ment, and upper-level management; this informal e-waste repair/recycling 
industry in Bangladesh and other LMICs consists of many small shops with 
1–4 people working in each shop with small tools and without proper personal 
protection (Fig. 11.1d–g). Some repair facilities are located inside buildings 
and sometimes in underground markets, where ventilation is poor or lacking, 
thus resulting in severe inhalation exposure. Repair of electronics often 
involves the use of organic solvents and additives, contributing to exposure 
through inhalation and skin (Fig. 11.1c).

In contrast to the repair shops, recycling facilities are more open in nature, 
in many cases at a roadside shop that is open to outdoors for public engage-
ment for business purposes (Fig. 11.1d). Recycling consists of multiple steps, 
each potentially occurring in a different location [12, 13]. For example, 
e-waste may first arrive at a retail shop and then initial recycling activities are 
performed on them (Fig.  11.1d). E-waste recycling workers are typically 
called “Bhangaries.” They first check if the electronics can be repaired. If not, 
Bhangaries go through a series of steps, separating the plastics from metals. 
These metals and plastics are then separately taken by two different facilities/
shops each of which performs the metal extraction or plastic processing 
(depending on their expertise). Figure 11.1e–g shows such an e-waste derived 
plastic recycling facility. Plastics are sorted (Fig. 11.1e), broken down into 
small pieces and washed with water (Fig. 11.1f), and melted and extruded to 
obtain plastic pellets (Fig. 11.1g). All these activities cause direct exposure of 
contaminants through dermal, inhalation, and ingestion. Also, they can cause 
contamination of soil/dust (Fig. 11.1e), water (Fig. 11.1f), and air (Fig. 11.1g), 
thus further endangering the environment and human health.
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Fig. 11.1 E-waste repair/recycling in Bangladesh: (a) underground market for electronics repair, 
(b) electronics repair with bare hands, (c) fume-exposure during electronics repair, (d, e) separat-
ing Fig. 11.1 (continued) and sort of recyclable metals, plastics, wires, etc. using bare hands, (f) 
plastic washing with water, (g) plastic melting to produce beads, and (h) worker’s hand with skin 
lesions. (Source: Compilation of photos from author: Syed Ishtiaque Ahmed)
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Table 11.1 Major e-waste contaminants, their source components of e-wastes, and relevant 
adverse health effects (adapted with permission from Bakhiyi, Bouchra, Sabrina Gravel, Diana 
Ceballos, Michael A.  Flynn, and Joseph Zayed. 2018. Has the question of e-waste opened a 
Pandora’s box? An overview of unpredictable issues and challenges. Environment International 
110:173–192. doi: https://doi.org/10.1016/j.envint.2017.10.021)

Contaminants Example of sources Main type of toxicity

Metals

Aluminum WPCBs, microchips, hard 
drives, LED monitors, plastic 
housing; plastics, cables, and 
wires containing inorganic flame 
retardants (e.g., aluminum 
hydroxide and trihydroxide)

Lung irritant, neurotoxic

Americium 241 Ionization smoke detectors Carcinogenic, in the case of 
high dose radiation

Antimony Tin-lead alloys, WPCBs, CRT; 
LCD TVs; plastics, cables, and 
wires containing inorganic flame 
retardants (e.g., antimony 
trioxide)

Lung, eye, and gastro-intestinal 
irritant

Arsenic Dopant for semi-conductors, 
PTVs, LCD monitors, and TVs

Carcinogenic, hematotoxic, 
endocrine disrupter

Barium CRT, fluorescent lamps, LCD 
TVs, PTVs, gutters in vacuum 
tubes.

Neurotoxic, cardiotoxic, 
gastro-intestinal irritant

Beryllium WPCBs, power supply boxes, 
ceramic components

Berylliosis, carcinogenic

Cadmium Batteries, toners, cartridges, 
plastics, WPCBs, solder, chip 
resistors, CRT, PTVs, cell 
phones, infrared detectors

Carcinogenic, cardiotoxic, 
nephrotoxic, endocrine 
disrupter

Cobalt Batteries, hard drives, laptop 
computers, LCD monitors and 
TVs, PTVs, CRT

Cardiotoxic, allergen (asthma), 
possibly carcinogenic to 
human (IARC)

Copper Cables, electrical wiring, 
WPCBs, microprocessors, 
terminal strips, plugs, PTVs, cell 
phones

Lung, eye, and gastro-intestinal 
irritant

Gallium Data tapes, integrated circuits Skin and probably eye and 
mucous membrane irritant

Hexavalent chromium VI Corrosion resistant coatings, 
WPCBs, data tapes, floppy 
disks, pigments, PTVs

Carcinogenic (lung cancer), 
sensitizer, skin irritant

Indium LCD TVs, transistors, rectifiers Probably carcinogenic to 
human (IARC), eye and lung 
irritant, indium lung disease

(continued)
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Table 11.1 (continued)

Contaminants Example of sources Main type of toxicity

Lead CRT (glass, solder), LCD TVs, 
PTVs, fluorescent tubes, 
WPCBs, lead-acid batteries

Probably carcinogenic to 
human (IARC), neurotoxic, 
cardiotoxic, nephrotoxic, 
endocrine disrupter

Lithium Rechargeable batteries Skin and eye irritant
Manganese Cell phones, CRT, PCBs Cardiotoxic, neurotoxic,  

lung irritant, endocrine 
disrupter

Mercury Fluorescent tubes, compact 
fluorescent lamps, batteries, 
switches, thermostats, sensors, 
monitors, LCD TVs, laptop 
computers

Neurotoxic, skin, eye, and 
gastro-intestinal irritant, 
endocrine disrupter

Nickel Nickel-cadmium batteries, 
ceramic components of 
electronics, computers, LCD 
monitors and TVs, laptop 
computers

Carcinogenic, sensitizer

Platinum WPCBs, LCD and LED 
notebooks, cell phones

Eye and lung irritant

Selenium
Silver

Rectifiers, WPCB, old 
photocopiers

Eye, skin and lung irritant, 
selenosis at high 
concentrations

Thallium PTVs, laptop computers, LCD 
and LED monitors

Nephrotoxic, reprotoxic

Tin Semi-conductors, batteries Neurotoxic, cardiotoxic, 
hepatotoxic, birth defects

Tungsten LCD screens, tin-lead alloys, 
LED monitors

Skin and eye irritant, 
hematotoxic, hepatotoxic

Vanadium LCD and LED monitors Lung, eye, and skin  
irritant

Yttrium PCBs, red phosphor emitters, 
tablet PCs

Cardiotoxic, nephrotoxic, skin 
and lung irritant

Zinc LCDs, superconductors, lasers 
WPCBs, PTVs, CRTs, batteries, 
soldering flux, cell phones, 
plastics, wire and cables 
containing inorganic flame 
retardants (e.g., in the form of 
zinc stannate)

Lung and eye irritant
Neurotoxic, hematotoxic, 
gastric irritant, may induce 
fume fever (inhalation of large 
amount of zinc in fume or 
dusts), probably endocrine 
disrupter

(continued)
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Table 11.1 (continued)

Contaminants Example of sources Main type of toxicity

Organic pollutants

Halogenated flame 
retardants
  – Brominated flame 

retardants (e.g., PBDEs, 
TBBPA, HBCD)

  – Novel brominated flame 
retardants (e.g., DBDPE, 
TBPH, TBBPA-BGE)

  – Chlorinated flame 
retardants (e.g., DPs, 
DBHCTD)

WPCBs, plastics condensers, 
transformers, plastics

Endocrine disrupter, 
neurotoxic, carcinogenic 
(chlorinated flame retardants)

Halogen-free flame 
retardants

IT housing, plastics, epoxy 
resins in WPCBs

Organophosphorus: endocrine 
disrupter
Nitrogen-based: nephrotoxic, 
neurotoxic

Organophosphorus-based 
flame retardants (e.g., TCEP, 
TCIPP, TDCIPP, TPHP/TPP, 
BPA-BDPP, PBDPP, and 
DOPO)
Nitrogen-based flame 
retardants (e.g., melamine 
cyanurate, melamine 
polyphosphate)
PCBs

Old capacitors and transformers, 
fluorescent lamps, electrical 
motors

Endocrine disrupter, 
hepatotoxic, carcinogenic

Ozone-depleting substances 
e.g., CFCs, HCFC, HFC, 
HCs

Old refrigerators, freezers and 
air conditioning units, insulation 
foam

Neurotoxic, lung and eye 
irritants

Other components

Phthalates Plasticizers to soften plastics 
and rubber

PFOS/F Antireflective coating Endocrine disrupter, 
reprotoxic, hepatotoxic

PVC Wiring and computer housing May effect lipid metabolism 
(increase in blood cholesterol 
level)

Outdoor and indoor air pollution are aggravated by e-waste recycling; indoor air 
quality within recycling workshops is particularly poor. Various atmospheric heavy 
metals and POPs occur in higher quantities near e-waste recycling facilities than at 
reference sites. For example, the highest levels of the organic contaminant PCDDs 
in air ever reported occurred around an e-waste dismantling area in Guiyu, China. 
Similarly, the same air samples also contained PBDEs at ~300 times the reference 
level. Guiyu air/dust samples were also shown to contain heavy metals including 
lead, copper, zinc, and nickel at concentrations several hundred times higher than at 
reference sites [7, 14, 15].

11 The Hidden Risks of E-Waste: Perspectives from Environmental Engineering…



170

Direct dumping of e-wastes, acid leaching (i.e., dissolving in acids) for precious 
metal recovery, and plastic burning can contaminate water, soil, and sediments with 
heavy metals and POPs [7, 15]. Soil sampling at e-waste recycling and disposal 
sites, along with nearby roadside and agricultural sites, have shown levels of con-
tamination that often exceed the maximum allowable concentrations for individual 
contaminants set by the national environmental quality standards. For example, the 
abundance of organic contaminants and heavy metals in road dust and agricultural 
soil near e-waste sites were at least two orders of magnitude higher than at reference 
sites and more than 700 times the maximum allowable limits for cadmium, mer-
cury, nickel, lead, copper, arsenic. Similarly, waters of four Chinese rivers near 
e-waste sites in Guiyu, Longtang, and Taizhou were highly contaminated with 
PBDEs and heavy metals at levels exceeding local/national drinking water quality 
standards.

The environmental pollution by e-waste contaminants can contribute to the 
uptake and accumulation in plants and animals, which can be biomagnified in spe-
cies higher up the food chain, finally resulting in significant human exposure [7]. 
For example, lead and cadmium levels in polished rice and vegetables grown in 
e-waste contaminated soils contained exceeded maximum allowable concentrations 
for food [16]. Even more striking result from another study was that food of animal 
origin (e.g., fresh water and marine fish, shellfish, poultry, eggs, chicken/duck, vis-
cera) contained significantly higher levels of e-waste contaminants (~30  times) 
compared to plant foods [17]. This happened likely due to biomagnification—a 
process by which contaminants are transferred and accumulated inside animals that 
are at higher level in the food chain from plants that are at the lower level in 
food chain.

 Human Exposure to E-Waste

Humans can be exposed to e-waste contaminants through inhalation, dietary intake, 
soil/dust ingestion, and dermal contact. In addition to occupational exposures of the 
workers from e-waste recycling activities, environmental contamination can result 
in exposure to residents in the surrounding areas. E-waste contaminants can bioac-
cumulate in human tissues and organs, and levels of contaminants in tissues tend to 
be related to the distance from the source as well as the individual’s age. For exam-
ple, higher contaminant levels were found in children’s blood and serum samples 
compared to adults at or near e-waste recycling sites, indicating the need for special 
attention to children’s health outcomes. E-waste contaminants can also be found in 
placenta, umbilical cord, and breast milk, suggesting that pregnant women, fetuses, 
and young infants are also vulnerable to e-waste exposure. Placental transfer of the 
contaminants during pregnancy to the fetus has been evidenced in literature, thus 
indicating further risks to newborns of being exposed to e-waste derived contami-
nants [18–27].
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The high body burden of contaminants in children may be explained by the fol-
lowing: (1) a high number of children, although not accurately estimated, are 
employed in informal e-waste recycling industries; (2) children have comparatively 
higher food and water intake per body weight than adults during growth; (3) chil-
dren near e-waste recycling areas may be exposed to pollutants during outdoor play 
via inhalation or ingestion during crawling and hand-to-mouth behavior [18]. 
Higher contaminant levels in fetal tissues may have resulted from mothers’ involve-
ment in e-waste recycling, their environmental exposures from living near e-waste 
sites during pregnancy, or as secondary exposure from family members employed 
in e-waste recycling industry.

Food consumption can be a major exposure pathway for e-waste pollutants. In 
one study, the estimated consumption of e-waste derived contaminant PBDE by 
6-month-old breastfed infants at or near e-waste recycling sites were found to be 
~57 times higher than that by children in control areas, possibly due to high mater-
nal exposure levels [25]. Another important route of exposure to e-waste contami-
nants is inhalation. The severity of exposure will vary by location, being higher 
inside e-waste recycling workshops than outside. For example, e-waste workers in 
Guiyu China breathed in five times higher concentrations of e-waste related con-
taminants than other local residents [28]. Similar to dietary intake, children appear 
to be more susceptible than adults to contaminant intake through inhalation and 
dermal contact [21, 22].

 Health Effects of E-Waste Exposure

Various studies have found a link between the exposure of e-waste and physical 
and mental health outcomes, e.g., thyroid function, reproductive and neonatal 
health, lung function, physical growth, temperament, and behavior [18–20]. Many 
of these outcomes have significant health implications for both individuals and at 
the population level. For example, e-waste derived POPs contribute to changes 
(increased or decreased) in thyroid stimulating hormone levels of workers, and 
resident populations, pregnant women, and newborn babies [29–32]. Lung func-
tion of school children living near an e-waste dismantling site in Guiyu, China was 
lower compared to the children from a reference town, which was correlated with 
the exposure to chromium and nickel levels in air. Children exposed to metals from 
e-waste also were shorter, lighter, and leaner than children from the reference town 
[33, 34]. Children living near e-waste recycling sites also appear to have poorer 
neonatal behavioral neurological assessment scores, poorer temperament scores, 
and lower intelligence quotient (IQ), possibly due to increased blood lead levels. 
The exposure of pregnant women to different POPs, e.g., PBDEs, PCBs, PFOA, 
and PAHs, has been associated with spontaneous abortions and stillbirths, prema-
ture birth, and lower birth weight and length [26, 35, 36]. Thus, e-waste exposures 
pose serious health threats, especially for vulnerable population such as pregnant 
women and children.
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Although much work has been done to understand the effects of e-waste pollu-
tion on human health, the full extent of effects is not known because very few stud-
ies have followed people for long periods of time. Long-term studies can provide 
evidence on the cumulative effects of exposure to e-waste contaminants over time, 
as well as the mixtures of chemicals to which humans are exposed. Finally, most 
studies on the effects of e-waste on human health have been conducted in China. A 
better understanding of the global disease burden related to e-waste exposure is 
needed. Recognizing that e-waste recycling is a complex environmental and social 
phenomenon that exposes people directly and indirectly to chemical contaminants, 
there is a need to engage with exposome scientists (discussed in Chap. 3) to identify 
the myriad risk and susceptibility factors that drive individuals and communities to 
take up e-waste recycling and that put humans and ecosystems at risk (Fig. 11.2).

Fig. 11.2 E-waste and health impacts. (Source: Nicole C. Little and Nirapum Aich)
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 Historical and Recent Developments of E-Waste Issues

During the 1970s and 1980s, industrialized countries started shipping hazardous 
and e-waste to LMICs [37, 38]. The escalation of e-waste disposal to LMICs and 
its potential environmental health impact attracted international attention in the 
late 1980s. As a result, the Basel convention was drafted and initiated as an inter-
national treaty in 1992 to prevent transboundary movement of e-waste. 
Approximately 184 countries and the European Union (EU) are the signatories of 
this convention, which has reduced global e-waste movement. However, signifi-
cant transboundary movement of e-waste continues in the form of illegal trade and 
the transfer of usable second-hand products to LMICs. Furthermore, e-waste gen-
eration per capita and per year within LMICs is exponentially increased by the 
rapid deployment of cellular and internet networks. Political agendas can  also 
motivate the generation of e-waste in-country—as seen in the “Digital Bangladesh 
Case Study.”

Solving the E-waste Problem (StEP) initiative was started by the United Nations 
University (UNU) in 2007 to engage and collaborate among different stakeholders 
and to strategize solutions for addressing the e-waste problem. The initiative pro-
vided a strategic framework to determine and monitor national and global e-waste 
generation and management, identify and analyze country specific e-waste regula-
tions and policies, develop sustainable e-waste management practices, and capac-
ity building for international collaboration on e-waste management. In 2013, the 
WHO organized an international cooperation initiative, named the Geneva 
Declaration, which states that children’s health is significantly impacted by infor-
mal e-waste recycling. This declaration created WHO’s E-waste and Child Health 
Initiative that calls for engagement of international stakeholders in developing sus-
tainable e-waste management processes, and also for developing intervention strat-
egies to protect the health of e-waste recycling workers and nearby vulnerable 
populations.

These initiatives have raised awareness regarding environmental and health 
impacts of e-waste recycling in LMICs [39, 40]. For example, the Chinese govern-
ment implemented the Management Regulation on the Recycling of Waste 
Electrical and Electronic Products (WEEE Regulation) in 2011. China has also 
employed “old-for-new” (or trade-in) policies to reduce e-waste production. 
Moreover, formal recycling has grown tremendously. In Guiyu, the entire informal 
recycling industry was removed to create government-subsidized formal recycling 
facilities elsewhere. These initiatives by China resulted in better material recovery 
from e-waste along with the reduction of heavy metals, POPs, and greenhouse gas 
emissions. Few other LMICs, including India and Ghana are in the initial stages of 
creating policy, regulations, and technology; but China’s experience can help 
other LMICs.
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Bangladesh Case Study Part 2: Potential Environmental and Human 
Health Consequences of Informal E-Waste Recycling in Bangladesh
Surprisingly, there have been no studies to estimate the severity of the con-
tamination and exposure of the Bhangaries and nearby residents from the 
e-waste recycling in Bangladesh. In 2011, the Bhangaries comprised a work-
force of almost 120,000 people and their exposure is deemed more serious 
[41]. Most Bhangaries have low education levels and live in poverty; they 
have few employment options. Environment and Social Development 
Organization (ESDO), a non-government organization in Bangladesh, 
reported in 2015 that around 50,000 children are involved in informal e-waste 
collection and recycling [11]. Also, according to ESDO, 15% of these child 
e-waste workers die each year while 83% live with long-term illness related 
to e-waste contamination. There is no information on how these data were 
collected and there is a clear need for systematic investigation of health among 
worker and their families. To understand the occupational hazards from 
e-waste recycling in Bangladesh, we conducted an informal survey of 20 
Bhangaries in 2016. We found that while no women were involved e-waste 
repair, women performed e-waste recycling, which pays less than repair. 
Thus, there is a risk of contaminant exposure and health hazards to vulnerable 
population such as pregnant women and newborns. Of the respondents in our 
survey, 16 e-waste workers reported skin problems on hand and feet, 15 
reported reduced eyesight and burning eyes, 10 reported breathing difficul-
ties, and 8 discussed experiencing loss of appetite. This survey raises con-
cerns regarding health-related hazards from e-waste pollution in Bangladesh. 
E-waste is likely to grow with increasing digitization and inadequate regula-
tions/policies to guide e-waste management. Bangladesh represents a unique 
case where the political agenda (“Digital Bangladesh”), lack of political and 
economic incentives to protect socially and economically vulnerable popula-
tions, and the existence of non-traditional industries (“ship breaking”) all con-
tribute to e-waste generation and recycling problems. This complex issue can 
only be solved through an integrated effort between the government and pri-
vate sectors, where health and economic parity among individuals, and the 
sustainability of environmental resources are treated on par with eco-
nomic gains.
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 Existing Challenges in E-Waste Issues

E-waste is a complex global environmental and health issue complicated by social, 
economic, and political factors. Most LMICs facing problems with e-waste do not 
have regulations or even documentation of the amount of waste that generated, 
imported, repaired, and recycled. The awareness of e-waste contaminants and their 
health effects is limited among e-waste workers, the general public, and the govern-
ment. Moreover, informal recycling in LMICs is driven by the exploitation of mar-
ginalized populations (i.e., migrants) with low income and education levels for 
maximization of profits. Gender-based labor differences are also evident in e-waste 
facilities—while higher paying e-waste repair jobs are dominated by males with 
technical training; low paying and riskier e-waste recycling jobs are often performed 
by non-technical personnel, including women and children. Technologically, formal 
e-waste recycling faces challenges that stem from the level of difficulty and com-
plexity of individual processes and from the large variety of e-waste types and com-
ponents. Engineering solutions for protecting environmental and human health 
from e-waste contaminants in low-resource settings are virtually non-existent. Even 
if informal recycling is replaced by more formal processes (as in Guiyu), there will 
be legacy contamination, with extensive remediation needs and large financial 
inputs. Finally, public interest in repair and reuse is quite low because of lack of 
sustainable designs, high repair cost, and lack of incentives to improve the repair 
industry. The ease of purchase and relatively low cost of new products discour-
ages repair.

 Integrated Approach for Addressing E-Waste Issues

E-waste problems cannot be solved with single-sector approaches [37, 38]. Rather, 
an integrated approach is needed to understand the challenges, design, and imple-
ment interventions, which are likely to differ depending on setting. This approach 
will require active participation from a number of disciplines including engineering 
(e.g., environmental, computer, materials, industrial), environmental chemistry, 
public health, behavioral and health economics, business, public policy, political 
science, communication, and social work. The philosophical boundaries need to be 
extended beyond the assessment of environmental and human health impacts and 
the need to identify the economic, social, behavioral, and political determinants 
e-waste production and management. Any research and solutions will need to 
address the seven major components of “human security”—economic, food, health, 
environmental, personal, community, and political—that are significantly impacted 
by e-waste pollution, particularly for the most vulnerable groups. What follows are 
some recommendations for the prevention and management of e-waste pollution to 
prevent environmental and human exposure.
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In the production of electronics, eco-design should be embraced to include safer 
materials and improve the reparability of devices. These strategies will reduce the 
release of contaminants during end-of-life disposal and reduce the rate of e-waste 
generation. Such strategies will require stringent regulations, affordable and innova-
tive green technology, and effective communication with the public and stakehold-
ers in electronics manufacturing/recycling industry to raise awareness about e-waste 
safety. Downstream, the illegal trade in e-wastes needs to be minimized through 
political, legal, and economic interventions, by individual governments and through 
coordinated regional and global efforts. Policies should be devised to eliminate or 
decrease informal recycling, by incentivizing stakeholders at different points in the 
chain rather than punitive measures. Moreover, an integrative approach of merging 
informal and formal recycling practices (“best of two worlds”) can be an option, 
where the cost-effective but protected manual dismantling of e-waste is comple-
mented by state-of-the-art formal recycling processes for more complex steps of 
resource recovery.

To protect the human health from e-waste recycling activities, it would be impor-
tant to ban or disincentivize child labor in this sector, while strengthening health 
protections for other workers. Furthermore, programs should be created to educate 
e-waste workers about potential health risks, and to provide additional training on 
safer e-waste processing techniques. Remediation of contaminated e-waste sites is 
needed, as are resources for the diagnosis, treatment, and prevention of e-waste 
derived health issues for the existing cadre of e-waste workers. These potential solu-
tions require coordinated efforts of governments, the health sector, non- governmental 
organizations, academics, and businesses. Finally, effective and sustainable solu-
tions will be context-specific and require knowledge of local cultures, and the socio-
economic and educational backgrounds of e-waste workers.
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Chapter 12
Overcoming Shortages of Essential 
Medicines: Perspectives from Industrial 
and Systems Engineering and Public 
Health Practice

Biplab Bhattacharya and Felix Lam

 Disparities in Pharmaceutical Supply Chains

The landscape of access to essential medicines changes drastically across national 
boundaries. Inequity is severe, yet, difficult to capture accurately [1]. Those who 
manage pharmaceutical supply chains rely on measures like number of pharmacies 
per capita, availability of essential medicines and number of pharmaceutical person-
nel per capita to get an estimate of the spread of this inequity. These metrics are very 
important in making policy level decisions on pharmaceutical spending, pharma-
ceutical procurement, pharmaceutical distribution, education, infrastructure, and 
personnel structuring. But what do these metrics mean to the consumer? How do 
people’s health or quality of life compare in locations with starkly different indica-
tors? Let us picture this through the eyes of two people, Sarish and Aden, both born 
in 1993.

Sarish was born in the state of Maharashtra in India and Aden was born in the 
state of New York in the USA. According to the World Bank (in ref), India is a 
low- middle income economy and the USA is a high-income economy. Although 
Sarish and Aden grew up in completely different parts of the world, both of them 
had similar interests growing up. As children, they shared a fascination for trains, 
shapes, and playing outside. However, they experienced education, transportation, 
food accessibility, and healthcare very differently.

Life through high school followed a rather consistent pattern for Aden. He would 
wait at the end of his street for a school bus to pick him up. He would go through his 
routine school day with 40 other students in the class. During snowstorms, Aden’s 
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parents would pick him up from school. Usually after school, he would play soccer, 
do his homework, and get ready for the next day. The high school experience was 
different only in a few ways for Sarish. He walked a mile and a half to school every 
day. Some days he could borrow his older brother’s bike, which meant an extra 
20 min of sleep. He would go through his school day with 80 other students in the 
class. Every alternate day, there would be no power at his house for 3 h, so those 
days, he would rush to finish homework and miss soccer. During heavy monsoons, 
Sarish would walk home in ankle deep water. He did not mind that much, playing 
with the odd floating plank along the way. From their own perspective, both of them 
thought their version of life was the norm. It is not until someone from the outside 
compares their two experiences that the differences in opportunity and priority 
become evident.

Now in their twenties, they are responsible for finding medical care when needed. 
Aden called his doctor when he felt ill one morning. He had an appointment later in 
the afternoon and picked up his prescriptions that evening. A few weeks later, he 
had a minor accident and rushed to an emergency room, where a triage nurse clas-
sified him as a level 4 severity according to the Emergency Severity Index (ESI) 
scale. The ESI is a triage system used by the emergency department ranging from 1 
(most severe) to 5 (least severe). He received care after waiting for 45 min. Aden 
picked his prescription up from a pharmacy of his choice that was close to his home 
after a couple of hours. Occasionally, Aden stops by that pharmacy to pick up 
generic variants of ibuprofen, amoxicillin, or some common antibiotic as needed.

Access to healthcare services and pharmaceuticals is much more difficult for 
Sarish. When he was due for a rabies vaccine, he found out that his town and the 
neighboring towns were out of the immunization. Sarish was forced to travel an 
hour to the neighboring town to get the vaccine. The number of pharmacists per 
10,000 people is just under 6 much lower than the USA which is just under 10. 
When Sarish needs to see a doctor, unless urgent, he usually gets an appointment for 
the next day. When he cannot afford that much time or wants to save money, he will 
often go to the pharmacist for help directly. The pharmacist will listen to his symp-
toms and give him a small dose of prescription medication. This might not be legal, 
but is seldom regulated. It saves him time and money while the pharmacist earns the 
trust and goodwill of a patient. The doctor’s office in India is often flooded with 
patients because the physician density is 0.725 physicians per thousand people in 
India—much lower compared to the USA, which is at 2.568 physicians per thou-
sand people. On getting a prescription, Sarish has to travel to four pharmacies before 
finding the medicines he needs. Even though the travel time and cost add up for him, 
this is a good scenario, because he got his prescription filled on the same day. It is 
not uncommon to have to wait a week to a month for certain pharmaceuticals, in 
which case, Sarish would have to arrange to get a pharmaceutical from another city 
or state while fighting an illness. He would have to either travel himself, which is 
difficult because it would mean having to take a day off of work or try and find 
someone coming into town to bring it with them. In the meantime, his condition 
would deteriorate.
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When Sarish gets ill even with something that is not life threatening, it impacts 
his community. He will lose workdays and probably get worse before he gets better. 
It is common to come back from spending a day going to different pharmacies to 
find the pharmaceuticals he is looking for and not getting what he needs. His friends 
and family spend time searching for the right pharmaceuticals or finding people 
coming in from out of town who can maybe pick it up. He knows that sometimes, 
the pharmacist will offer to give him a substitute pharmaceutical which might not be 
as effective as the one prescribed. But something is better than nothing. This is his 
normal. Sarish thinks this is how access to essential medicines looks like all over 
the world.

When Aden gets ill with something similar, his immediate community knows to 
support him by giving him time to rest and recuperate. They know that he will have 
to go to a doctor, pick up his prescribed pharmaceuticals from a pharmacy nearby 
and recover. This is his normal. Aden thinks this is how access to essential medi-
cines look like all over the world.

Both stories bring into perspective the differences in experiences in access to 
healthcare and pharmaceuticals between low-income and high-income countries. 
The stories assume that Sarish and Aden could both afford the prescription pharma-
ceuticals. However, since co-pays through insurance are uncommon in most of the 
Indian population (like most other low- and middle-income countries), some phar-
maceuticals are unaffordable. Expensive pharmaceuticals are also out of stock more 
often, as pharmacies work on cash in hand. In this case, the pharmacy will order the 
pharmaceuticals from a regional distributor or wholesaler. The lead time1 (time 
between ordering and receipt) added in procurement will add to a patient’s wait 
time, which will in effect let the illness advance. This is a time when the patient 
might also take inappropriate substitutes instead of what is necessary. These narra-
tives highlight only the tip of the iceberg of inequity in pharmaceutical access and 
availability in low-and middle-income countries (LMICs).

At least one third of the world’s population has no regular access to medicines. Inequity in 
access to essential medicines is part of inequity in health care. Key evidence to document 
such inequities is rarely collected. 60 countries do not recognize the right to health in their 
national constitution [2].

The above excerpt from a report by the World Health Organization (WHO) sum-
marizes the depth and spread of the challenge of access to essential medicines. The 
WHO model essential medicines list comprises of medications that are most effec-
tive and safe to meet the most important needs of a health system. This list does not 
include herbal, local, or natural remedies. Although such remedies might be used 
frequently in low- and middle-income countries, impacts of drug shortages are still 
found to be severe. The availability of generic medicines is less than 60% in the 
world. There exists both inter- and intra-country inequity in access to medicines 
with rural and low-income communities often getting the short end of the stick. 
These communities are faced with the challenge of access, availability, and 
affordability combined. The three challenges are not always considered together in 
interventions. Acute shortages where 95% of the pharmaceuticals needed are 
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stocked out is common. Stock-outs can last from days to months. Stock-outs have 
been recognized as an important and complex global challenge [3–5].

 The Pharmaceutical Supply Chain Challenge

The difficulty in tackling the pharmaceutical stock-out problem can be largely 
attributed to inefficiencies and over-complexity in an overburdened pharmaceutical 
supply chain. This complexity is further increased in LMICs, which characteristi-
cally are prone to weak infrastructure, not enough trained personnel, an absence of 
a standardized ordering and distribution system, inaccurate and insufficient demand 
data, and a possible dependence on foreign aid. This problem is magnified by a 
distribution network that is not usually streamlined because of the number of stake-
holders (key decision makers) in the system. As compared to a high-income country 
where external donors and non-governmental organizations (NGO) do not enter the 
system, LMICs have to accommodate for additional inefficiencies. In most high- 
income countries, pharmaceutical stocks are managed by a few privately owned 
national wholesalers who make deliveries to retail pharmacies [6]. Private, public, 
and NGO distribution networks often work in parallel in many LMICs.

 Pharmaceutical Distribution System in LMICs

In this section, we will look at what we mean by a pharmaceutical distribution sys-
tem and how it looks like in LMICs. A generalized medicine procurement and dis-
tribution network for the private and public sector in LMICs is described in Fig. 12.1. 
The arrows connecting two entities (connectors) indicate the direction of flow of 
pharmaceuticals. Each level on the left is a stage that represents where the pharma-
ceuticals are being stored. This network gets more stages, connectors, and stake-
holders depending on the country being studied.

Pharmaceuticals change a lot of hands between getting out of the manufacturing 
plant into the hands of the patient in LMICs, while in high-income countries the 
distribution system is more streamlined and efficient. Depending on the system, a 
pharmaceutical might be manufactured in-country or internationally. In the public 
sector, most LMICs have a central medical storage (CMS) location to store the 
national stock of pharmaceuticals that arrive from imports or from manufacturing 
plants in-country. In the private sector, this step is bypassed and pharmaceuticals 
may be passed directly to wholesalers or retailers. Depending on the stock at the 
CMS, decisions to distribute regionally based on demand is made in the public sec-
tor. Based on the decisions of quantity and timing, pharmaceuticals are pushed into 
regional medical storage centers. In the private sector, bulk orders are made from 
regional distributors to an importer/wholesaler who then maintains regional stocks 
of the pharmaceuticals. The higher level pharmacies which are typically at the 
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 district level order pharmaceuticals from distributors as per requirement, cost, profit, 
and storage availability. District level stores, health centers, and hospitals receive 
medicines based on availability at the regional medical storage. The available 
pharmaceuticals at the regional medical storage are rationed as per need and are 

Fig. 12.1 A generalized public and private sector pharmaceutical distribution system in a 
LMIC. Source: concept: Biplab Bhattacharya; graphic design: Nicole C. Little
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 distributed to these facilities. At the last stage, smaller pharmacies, pharmaceutical 
outlets, clinics, and health centers place orders from bigger pharmacies district 
stores or health centers. The last two stages of Fig.  12.1, namely the pharmacy/
health center storage and the last mile storage, are where a patient would typically 
be able to access the pharmaceuticals needed.

The private sector usually works on a PULL∗ system and the public sector works 
on a PUSH∗ system. The advantages of a PULL∗ system are that lead times are 
reduced and the quantities delivered are more accurate. The disadvantage of the 
PULL∗ system is that orders need to be more frequent. Also, in the PULL∗ system, 
because orders can be placed whenever needed, a larger inventory needs to be kept 
in stock at the source. In the PUSH∗ system, the advantage is that delivery deci-
sions are made centrally and a larger inventory does not need to be kept in stock. 
The disadvantage is that the stores that need the medicines have to wait for deliver-
ies and have less control on when they receive the shipments.

 Challenges in Pharmaceutical Distribution in LMICs

The distribution networks in LMICs have many challenges. There can be item-level 
challenges like expiration and temperature control. There can be facility-level chal-
lenges like inventory management, order management, warehouse management, 
shipment visibility, and shortage avoidance. There can be systems-level challenges 
like lack of coordination, lack of demand information, human resource dependency, 
and shipment visibility [4]. We will group and discuss challenges such as too many 
stages, storage conditions and capacity, funding, logistical inefficiencies, and infor-
mation transparency.

 Excessive Stages

Each stage in the network has time and cost implications, starting with manufactur-
ing. While there are many benefits to producing pharmaceuticals needed locally, the 
proportion of imports is much higher in LMICs. Most LMICs do not have the capa-
bility to manufacture most of these medicines [7]. The continent of Africa produces 
less than 2% of the pharmaceuticals it consumes [8]. Importing pharmaceuticals 
lead to additional costs and lead time due to transportation.

Let the lead time between placing an order with the manufacturer and receipt of 
the order at the central medical store or importer/wholesaler be L1. The lead time 
here can be in the order of months. Let the lead time for pharmaceuticals to travel 
from CMS locations to regional storage locations be L2. This is typically in the 
order of weeks. Let the lead time for pharmaceuticals to travel between regional 
storage to district level storage and from district level storage to last mile storage be 
L3 and L4, respectively. This can be in the order of days or weeks.

Hence the total lead time at the last mile compounds to LT = L1 + L2 + L3 + L4.
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This number adds up quickly and the more stages added, the more time it usually 
takes for pharmaceuticals to reach the patient at the last mile, especially in the pub-
lic sector. Moreover, procurement systems do not always account for lead times 
accurately, which also contribute to stock-outs [9].

The complexity of the stages of distribution creates the problem of longer lead 
times in the public sector and higher costs to the consumer in the private sector. The 
longer the distribution network, the higher the mark-up costs. This is not always true 
for the public sector, where most pharmaceuticals are often subsidized.

 Storage Conditions and Capacity

In the public sector, demand can sometimes never be completely met with the stock 
available at the CMS; hence, shortages are experienced in the last mile. Decisions 
regarding quantities of shipment to be sent to a lower stage in the public sector are 
made based on storage conditions, storage capacity, demand, and transportation 
available. Depending on the climate of the country, certain pharmaceuticals will 
have specific temperature and humidity requirements for storage. Limited capital 
and interrupted electricity supply impose limits on the quantities of supplies that 
can be stored. In the poorest population groups and rural areas, these storage condi-
tions are more challenging to meet and therefore certain pharmaceuticals are less 
available.

In the private sector in LMICs, in addition to similar problems of not having the 
proper storage conditions, drug shops and pharmacies often do not have enough 
storage space to store the supplies. Hence, they rely on frequent trips and low inven-
tory levels. This leads to additional transportation costs.

 Funding Sources

Medical spending per capita in LMICs is much lower compared to high-income 
countries as seen in Table 12.1. In the public sector, a lot of LMICs depend on donor 
funding for purchasing pharmaceuticals. As beneficial and critical as donor funding 
is, it needs to be more streamlined. There are usually several channels of donor 
funding. The combination of lack of communication between donor organizations 

Table 12.1 Total medicine spending by income 2005–2006 [10]

Income 
group

Number of 
countries Total expenditure (million US $) Per capita expenditure (US $)

High 43 660,609 438
Upper- 
middle

35 81,235 82

Low-middle 33 76,857 31
Low 19 4123 7
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and the public health body, differences in rules and regulations on funding use by 
the donors, and unsynchronized timings of funding receipt contribute to irregulari-
ties in order placement and distribution of pharmaceuticals.

In the private sector, most drug shops and pharmacies in LMICs are small busi-
nesses that look to serve the communities they are a part of. They work with small 
amounts of cash on hand. Because of the limitation of funds, it has hard to maximize 
the purchase quantities. Only those supplies that are in back-ordered (ordered by a 
patient but was not available previously), in demand, and most profitable are 
purchased.

 Logistical Inefficiencies and Information Transparency

In-country distributions are typically made by road networks restricted by limited 
infrastructure in the form of road conditions, weather, number of vehicles, etc. 
Inadequate infrastructure can also lead to wastage or delays in deliveries [10]. To 
emphasize that logistical issues can be a deal-breaker even when procurement from 
manufacturers is timely, a study found that “most drugs are available in South 
Africa’s medicine depots but patients are unable to get their prescriptions filled 
in local health centers because of local logistical and management problems, rang-
ing from inaccurate forecasting to storage or transport issues [11]. Only a minority 
of shortages are due to pharmaceutical companies being unable to provide enough 
drugs worldwide.”

At the CMS and regional storage center level, the distribution network includes 
dedicated vehicles and personnel but in the last mile, pharmacy or drug shop owners 
often procure supplies themselves and might have to rely on public transportation to 
do so. This can lead to downtime in having to close the shop while they are procur-
ing medicines. This, in turn, leads to reduction of availability for the patient while 
the shop is closed and a loss of sale for the pharmacy or drug outlet.

Lack of information transparency in the pharmaceutical distribution system 
causes other logistical inefficiencies. For example, typically in LMICs there is very 
little information available about the pharmaceutical inventory levels so that the 
right amount of pharmaceuticals can be replenished.

In most LMICs, electronic health records (EHRs) are not in place. This makes 
the transfer of information unclear, untimely, and inaccurate. In the public sector, 
this can translate to a scenario like the central medical store having to make assump-
tions of the needs of the regional warehouse and the regional warehouse having to 
make assumptions of the needs of the district level stores. This can lead to inaccu-
rate demand estimation and insufficient supply in those systems [12]. Logistical and 
information inefficiencies combined often lead to stock-outs even after interven-
tions to improve inventory levels are implemented [13].
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 Interventions to Improve the Pharmaceutical Supply Chain

Supply chain and distribution system improvements have been the focus of many 
industrial engineering and operations management studies, offering a vast number 
of strategies for addressing stock-outs. However, these strategies are usually limited 
to a small number of entities in the supply chain with control over the actions of 
each entity. In pharmaceutical supply chains, the number of stakeholders is high and 
there is little control over each entity. The products are perishable and sometimes 
need special storage conditions. Interventions in the field are usually specific to a 
particular case being studied. Some interventions that have worked are shown in the 
next paragraph.

Supply chain experts have shown that reducing the number of stages in the dis-
tribution network and improving the information flow increases efficiency [14]. 
Pharmaceutical experts call for reducing the number of stages and partnering with 
the private sector to boost transportation time and distribution strength [15]. Public 
health professionals have shown that technologies like Short Messaging Services 
(SMS) when used to obtain stock counts for certain essential medicines in LMICs, 
improve information transparency and exchange. Using SMS to exchange stock 
count information helped better timely restocking and reduced stock-outs in 
Tanzania [16]. It should be stressed that most interventions use basic technologies 
to address core challenges. The state-of-the-art technologies and interventions often 
fail to work in these settings because they are not compatible with the infrastructure, 
personnel, and maintenance levels available at the region of intervention. Operations 
researchers have recognized the types of dynamic routing algorithms that can be 
implemented to accommodate the complex nature of the pharmaceutical supply 
chain [17]. Dynamic routing algorithms are methods of developing routes based on 
time and need (among other requirements) for transportation of a commodity. This 
is particularly useful because demands fluctuate so often that vehicles used to dis-
tribute pharmaceuticals cannot function on the same route all the time.

Since every country has a unique system and characteristics, they also have 
unique challenges. Different disciplines like management sciences, pharmaceutical 
sciences, public health experts, industrial engineers, health policy experts, and sys-
tems engineers have tackled the problem from different angles. The pharmaceutical 
stock-out problem is one that needs combined action from different disciplines with 
simplistic and systemic solutions.

 Key Actors Locally and Globally

In-country, there are several cogs in the machine that make a pharmaceutical supply 
chain work efficiently. Decision makers exist from central medical stores nationally 
to public health ministries where orders are placed or shipments are dispatched to 
pharmacy owners at the last mile. Logistics and distribution companies work on the 
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ground to efficiently distribute pharmaceuticals, maintain information, inventories, 
and warehouses.

Figure 12.2 describes how these different professionals complement each other 
to tackle pharmaceutical supply chain challenges. Government policy and planning 
professionals work at higher level with a long-term scope where they prioritize 
areas of improvement, maintenance, pressing issues and allocate budgets. Public 
health, medical, and pharmacy professionals work together with local and national 
government policy and planning professionals to measure and evaluate medical and 
pharmaceutical needs along with developing intervention plans. Sometimes, they 
implement these projects themselves and other times they then work with opera-
tions management, supply chain/industrial engineering, logistical professionals to 
develop detailed implantation strategies, mathematical models, simulations, and 
financial analyses. These groups communicate and collaborate at different levels to 
make possible a smooth functioning pharmaceutical supply system.

Globally, a variety of organizations like the United States Agency for International 
Development, Clinton Health Access Initiative, Bill and Melinda Gates Foundation, 
World Health Organization, and United Nations Children’s Fund have ongoing proj-
ects and material on improving pharmaceutical supply chains. They partner with 
health ministries and other local organizations to help strengthen the pharmaceuti-
cal supply chain.

As barriers to timely information exchange reduce and the pharmaceutical sup-
ply chain infrastructure improves, combining expertise from various disciplines will 
1 day enable people like Aden and Sarish to have similar experiences when they 
purchase essential medicines.

Fig. 12.2 Interdisciplinary relationships in pharmaceutical supply chain functioning. Source: 
Biplab Bhattacharya
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Practitioner Notes (Felix Lam: Clinton Health Access Initiative)
The Pharmacist Head of Bishoftu General Hospital has an enormous respon-
sibility. She and her team manage all essential medicines, medical equipment, 
and medical supplies at the hospital so that patients can receive lifesaving 
treatments whenever needed. However, she is not alone in this responsibility. 
About 25  miles away, a warehouse in Addis Ababa is busy in overseeing 
deliveries to over 1200 facilities including Bishoftu Hospital. Both the 
Bishoftu Hospital pharmacy department and the warehouse team are impor-
tant actors in implementing of Ethiopia’s Integrated Pharmaceutical Logistic 
System (IPLS).

Availability of safe, effective, and affordable medicine and supplies are a 
critical component in the delivery of quality healthcare. In Ethiopia, essential 
lifesaving medicines are often stocked out as a result of a weak and frag-
mented supply chain. One of the main challenges contributing to this issue 
was that medicines were managed in several vertical supply chains depending 
on the disease area or population served. Different agencies within the gov-
ernment were responsible for ordering, storing, and delivering medicines in 
their own disease areas. This resulted in huge inefficiencies and wastage of 
resources.

To try and solve these problems, the Pharmaceuticals Fund and Supply 
Agency (PFSA) was established in 2007 to be the central authority for sus-
tainably ensuring the availability and affordability of high-quality pharma-
ceuticals to all public health facilities and ensure their rational use. Furthermore 
in 2010, PFSA instituted a system for integrating all medical commodities 
into a single supply chain system. This system was called IPLS.

Today under IPLS, the Bishoftu Hospital pharmacist’s job is to coordinate 
directly with the Addis Ababa PFSA hub to ensure patients at her hospital will 
have the medicines that they need. Every 2  months, the head pharmacist 
works closely with her team to forecast all medicines and supplies patients 
will need for the following 2 months. She sends an order form to the regional 
PFSA hub, and the PFSA hub delivers those medicines to the hospital. The 
Addis Ababa PFSA hub also manages supply orders from the facilities in their 
region and coordinates with the central PFSA warehouse to ensure that there 
are sufficient supplies at the hub to meet the orders.

Despite the vast improvements that IPLS has made to simplify the supply 
chain, healthcare facilities throughout Ethiopia still experience stock-outs of 
essential drugs. There are many reasons why this happens. At times, demand 
for the medicine is higher than initially forecasted by the hospital. In other 
cases, the PFSA hub may also be stocked out of the medicine that facilities 
need. Often, it is not clear whether stock-outs at the PFSA hub are due to inac-
curate forecasting by the hub, central warehouse, or other facilities under the 
hub’s management. And lastly, low-resource countries like Ethiopia have 
enormous budget constraints that make it difficult to meet every need, includ-
ing health supplies, infrastructure, and staffing.
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These challenges notwithstanding, the government of Ethiopia continues 
to forge ahead in partnership with donors, non-governmental organizations, 
and private industry. For example, the government is expanding the flexibility 
for hospitals to order medicines directly from the open market when PFSA is 
stocked out. Donors are helping to fill some of the government’s gap in fund-
ing, and NGOs are providing technical assistance to strengthen the system 
through capacity building, such as developing improved forecasting and sup-
ply chain management tools. These coordinated and innovative solutions hold 
great promise towards ensuring that every patient in Ethiopia gets the treat-
ment they need.

Glossary of Terms and Supplemental Reading
• Lead time—The time between placing an order to a supplier or manufac-

turer and receipt of the order.
• PUSH system—A PUSH system is a commodity distribution system where 

the commodities are supplied based on demands forecasted to meet the 
customer demand. The advantage of this system is that the supplier has 
control on how to release orders and can plan on release based on stock 
available. The disadvantages of this system are that demand forecasts are 
usually unreliable and too much inventory is held at the supplier which 
increases the cost to hold inventory. This system is typically seen in the 
public sector.

• PULL system—A PULL system is a commodity distribution system where 
the commodities are supplied based on orders placed by the customer. The 
advantage of this system is that the customer can order supplies when 
needed and not have to wait for the supplier to determine the time and 
quantity of delivery. One disadvantage of this system is that the suppliers 
face inconsistent orders from the customers in terms of time and quantity. 
This makes it harder for the supplier to manage his own inventory. This 
system is typically seen in the private sector.

• Inventory levels—Inventory levels refer to the quantity of supplies in store.
• Routing algorithm—A routing algorithm is a set of instructions that help 

develop routes that a vehicle needs to take. Such an algorithm usually takes 
into consideration constraints like vehicle capacity, time of delivery, 
demand, and distance between locations to be visited.
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Chapter 13
Communicating Taboo Health Subjects: 
Perspectives from Organizational 
Leadership, Clinical Psychology, 
and Social Work

Dorothy Siaw-Asamoah, Erica Danfrekua Dickson, Emma Seyram Hamenoo, 
and Deborah Waldrop

 Introduction

Worldwide, improving health literacy is a compelling need. Health literacy is the 
degree to which individuals have the capacity to obtain, synthesize, and understand 
basic health information and processes needed to make appropriate health decisions 
[1]. The use of code speak1 and inadequate communication about taboo subjects 
undermines efforts to understand basic health information and services. The inter-
relationship between serious illness, dying, death, and fear influences how diagno-
ses and prognoses are understood, whether or not and how treatment is delivered. 
Clear communication taking cognizance of cultural and societal characteristics will 
optimize understanding about death/dying/illness. It is essential for helping people 
who have serious illnesses to make meaningful choices when they are nearing death. 
It is imperative to have a clear understanding of the best practices in different cul-
tural settings to meet the needs of the dying in addressing death at individuals’ level 
of comfort.

1 Code speak refers to issues or topics that are not easily discussed in certain cultures, so we use 
encrypted ways of conveying the message.
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 What Is the Problem/Issue? Death and Dying Are Taboo 
Subjects

Death has been considered “the last great taboo” [2]. Stigma and code speak con-
tribute to a pervasive lack of openness and discussion about death and dying [3]. 
Addressing death with the right balance of frankness and sensitivity can be a chal-
lenge. Yet, failure to acknowledge the elephant in the room can mean that dying 
people feel shut out of important and meaningful social interaction and distanced by 
others. It is only by discussing our wishes openly and honestly, making such conver-
sations a part of everyday life that we can alter this sense of isolation and offset the 
difficulties that may arise in the final stages of life. Thulesius et al. [2] indicate that 
de-tabooing dying has begun with open awareness of death and dying, and is seen 
in the growth of palliative care.

Is the fear of death universal? The idea of death, the fear of it haunts human 
beings like nothing else; it is a driving force of human activity—that which aims to 
avoid the fatality of death, to overcome it by denying that it is the final destiny. The 
path to death is for all but a few accompanied by pain. Death can be a lonely and 
isolating experience. Given that human beings are biopsychosocial in nature (e.g., 
involving the interaction of biological and psychosocial factors), our interactions 
with others complete our existence and give our lives meaning. Death is a final sepa-
ration from everything that gives our life form and everything we hold dear. The 
death of a loved one has been identified as one of the most emotionally painful and 
stressful human experiences. Fear has been one of the most commonly expressed 
human responses to death [4, 5].

Fear creates anxiety. Death anxiety describes the amorphous set of feelings that 
thinking about death can arouse [4]. The fear of death has been conceptualized with 
varying dimensions. Hoelter and Hoelter (1978) [6] distinguish eight dimensions of 
death as fear of the dying process, premature death, (for) significant others, being 
destroyed, the body after death, the unknown, the dead and phobic fear of death. 
Florian and Mikulincer (1993) [7] suggest three components of death fear to be: 
intrapersonal—the impact of death on the mind and the body which include fears 
of loss of fulfillment of personal goals, and of the body’s annihilation; interper-
sonal—the effect of death on interpersonal relationships; and transpersonal—fears 
about the transcendental self, the hereafter and punishment after death. Recognizing 
death-related fears can enhance the quality of an individual’s life whereas ignoring 
them may lead to self- deception [8, 9].

Distance from and the avoidance of confrontation with death have marked it as a 
taboo subject in global health. The further death can be removed from common 
experience the more of an abstraction it becomes. The abstract nature of death 
makes the fear of it vulnerable to social manipulation. Modern societies have cre-
ated a variety of mechanisms for removing the actual experience of death from 
everyday life. In addition to traditional mechanisms (such as religion), hospices, 
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drugs, death education, psychotherapy, philosophical belief systems serve to 
remove, sanitize, and ease the pain of the transition from life to death making it 
easier not to fear such abstraction. Euphemisms such as he has “passed,” “gone,” or 
“we lost him” become code speak for the reality of death and dying. The use of 
euphemisms in death and dying suggests a strategy for relegating death to the sub-
conscious by creating labels that are more tolerable. The practice of using euphe-
misms for death is likely to have originated with the unfounded belief that to speak 
the word “death” invited death; to “draw death’s attention” is the ultimate bad for-
tune. The need to buffer or soften the impact of death demonstrates the reality of 
futile attempts to evade death and can influence how grieving people adapt to 
bereavement [10].

Cultures vary in terms of the extent to which they deny the reality of death as a 
function of the contexts in which people are born, grow, mature, and die. Death is 
socially and culturally constructed; feelings and attitudes about death and dying are 
reflected in the use of language, religious or funeral rituals, faith talk, and the values 
placed on younger versus older lives. A culture’s stance toward death—its death 
ethos—affects everyday behavior (e.g., willingness to engage in risky behavior, the 
likelihood of taking out an insurance policy) as well as attitudes toward a variety of 
issues, such as the justifiable loss of life through war, euthanasia, organ donation, 
reincarnation, the death penalty, abortion, and the possibility of an afterlife resurrec-
tion. Cultures can be classified as death accepting, death denying, or death defying; 
it follows that tolerance of death varies, dictating responses to natural disasters, 
deaths of public figures, and the loss of life through violence. Individual responses 
to death are intertwined with the character of death within cultures [8].

Death anxiety’s alter ego is the concept of a “good death.” The idea that death 
can be a good experience may be considered a romanticized notion that white-
washes the experience of dying. A good death is highly individual, influenced by 
faith and culture. Some feel that death while sleeping is preferable while others 
prefer to be awake and alert [11]. Descriptions of a good death in contemporary 
western culture have been characterized as physical comfort, social support, accep-
tance, and appropriate medical care, while minimizing psychological distress for a 
person who is dying and his or her family [12]. However, contrasting opinions of a 
good death echo research findings that what one person considers a good death may 
be completely opposite another’s [11].

Death with dignity has emerged as an important goal in care for people who are 
dying. Yet, the concept of dignity is culturally bound and understood differently in 
Asian and Western contexts [13]. Psychological symptom distress, heightened 
dependency needs, and loss of will to live diminish the sense of dignity and are 
closely associated with certain types of distress in terminal illness [14]. A person’s 
self-worth can be enhanced or threatened by extrinsic factors creating perceptions 
of being valued or devalued.
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 What Are the Key Historical and Recent Developments 
of This Problem: Death and Culture?

Historically, death was a family matter and relatives of the deceased handled the 
details of processing the dead and death. Death is a ubiquitous event in farming 
cultures, assimilated into the fabric of social life and accepted as a matter of inevi-
tability and the natural order. During the nineteenth century the advent of embalm-
ing and increasing industrialization and urbanization in the USA shifted dying and 
death from homes to hospitals and funeral homes. Intimate familiarity with death 
faded and, the USA became a death-denying society—making death a taboo and 
according to some, “pornographic” topic—ultimately shielding it from public atten-
tion. After World War II a new “death awareness” movement surfaced [15]. Many 
countries including the USA and UK have increased the focus on home-based mod-
els of hospice and palliative care. Trends of increasing home deaths followed [16]. 
The wider use of palliative care and home death has been promoting more open 
dialogue about death and dying and diminishing the taboo of death.

Cultural practices surrounding death combined with ideas about what happens 
after death to form the basis of religion is one of the cornerstones of all civiliza-
tions. Religion provides expectations and guidelines for human behavior by setting 
up a series of taboos, as well as sacred objects and rites. Humans still attempt to 
reduce the shock of death by confronting and understanding it. Early societies 
developed religious systems, including ancestor worship that bridged the divide 
between the dead and the living and portrayed death not as an end but as a transi-
tion to another world [4]. Recent developments in death and dying include national 
movements that are aimed at encouraging patient-family-provider conversations. 
Movements such as National Healthcare Decisions Day, Dying Matters, Speak 
Up, The Conversation Project have been launched to provide materials and educa-
tion about healthcare communication. The emergence of Death Cafes, which are 
scheduled non-profit events where people come together, eat cake, drink coffee or 
tea, and talk about death, suggests the increasing public desire to communicate 
about death. Hello (formerly My Gift of Grace) is a conversation game that is 
played in public and private spaces to start meaningful conversations about life and 
death. The Conversation Project provides starter kits to help people begin conver-
sations about their wishes for end-of-life care. Dying Matters (UK), National 
Healthcare Decisions Day (USA), and Speak Up (Canada) are public awareness 
campaigns that urge individual- family- provider conversations about healthcare 
decisions on identified dates. Each of these developments contributes to a more 
open dialogue about death and coping with death thus reducing the use of code 
speak. A partial listing of websites for these movements can be found in Appendix 
1 (Figs. 13.1 and 13.2).
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 What Are the Current Gaps? Why Does the Problem/Issue 
Persist? Individual-Family-Provider Communication 
and Concerns As Death Approaches

Family communication is often fraught with conflict which can lead to a discord 
about end-of-life decisions and care. Healthcare professionals’ attitudes and skills 
are influenced by the level of personal awareness and discomfort with dying which 

Fig. 13.1 Graveyard in Ghana. Source: Emma Seyram Hamenoo

Fig. 13.2 Cemetery in the USA. Source: Emma Seyram Hamenoo
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is embedded in their own cultural leanings of death and dying, a prescribed focus on 
curative treatment, and lack of education, mentorship, and models for initiating con-
versations can all influence communication.

 Communication

Ethnic and cultural patterns of patient populations have changed as a result of the 
increasing migration into Western countries. The principles of truth telling and 
patient autonomy are embedded in the framework of Anglo-American medical eth-
ics. In contrast, in many countries, the cultural norm is to protect the patient from 
the truth, decisions are made by the family with respect for the tradition of filial 
piety where it is dishonorable not to do everything possible for one’s parents. While 
such attitudes can be explained partly by the Asian philosophy of filial piety, a simi-
lar sense of duty, labeled role obligation can be found in Western cultures [17]. The 
challenge for health care professionals is to understand the influence that culture has 
on patients’ responses to decision-making, healing, and suffering and the physi-
cian–patient relationship [18].

Surrogate decision-making involves healthcare decisions that are made by a per-
son who is chosen in advance to make decisions when an ill or injured person is 
unable to voice his or her wishes. Surrogate decision-making is often difficult and 
emotionally charged, isolating and overwhelming. Firstborn sons in Asian cultures 
naturally assume responsibility in decision-making resulting from traditional expec-
tations of filial duty. Discussion of death is taboo in different cultures including 
Asian, African-American and often leads to significant stress. Firstborn surrogates 
have described how they feel alone in the process without the support of others 
which further compounds their stress. Many younger siblings describe feeling angry 
and powerless when day-to-day caregiving and carefully chosen care plans are 
changed and overruled not by an individual with more knowledge of the parent’s 
preferences but solely because of birth order. For firstborns in the context of death 
as taboo, attempts at decision-making as a family may create conflict, power strug-
gles, and differences of opinion about what is in a parent’s best interest [19].

There is a reticence to talk openly about issues surrounding end-of-life care in 
many cultures because of cultural taboos and fear that doing so will destroy hope. 
Ng et al. [20] found that surrogate decision-makers were willing to consider conver-
sations about their own wishes but some were ambivalent about discussing loved 
ones’ wishes, especially when they were from an older generation. Cultural sensi-
tivity about open conversations and the importance of closely involving the family 
unit in the process is critically important [20]. Additionally, the acceptability of 
truth telling about diagnosis and prognosis is an important consideration. Cultural 
aversion to discussions of end-of-life issues and planning for the future are strong. 
Superstitions positing that discussions about death and dying are ominous and bring 
bad luck need to be considered [21]. The disclosure of terminal status and family 
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involvement in the process have been important issues in end-of-life decision- 
making in many cultures [17].

Wook Shin et al. [17] surveyed patients and caregivers about their expectations 
about disclosure of a terminal diagnosis. Most patients and family caregivers 
expressed the expectation the patient should be informed of a terminal prognosis 
while a small number of caregivers believed that it was better for patients not to be 
informed if families decide not to. Over half of patients responded that their physi-
cian should inform them directly but family caregivers most frequently answered 
that a physician should inform the family first and then inform the patient if the 
family agreed. Patients preferred to be informed of their terminal status more than 
family caregivers and they preferred to be informed directly by their physicians [17].

Filial expectations and family dynamics related to birth order and surrogate 
decision- making were explored with surrogate decision-makers and the majority 
offered unprompted discussions about birth order and family dynamics. When death 
is taboo, surrogate decision-makers experienced communication difficulty, unspo-
ken expectations, emotional stress, loneliness, and family conflict. Birth order and 
family dynamics can have profound effects on surrogate stress and coping [19]. 
Unspoken expectations are often accompanied by the assumption that the firstborn 
will be the primary decision-maker for the family. Oldest children do not need to be 
formally asked to take on their decision-making responsibility or have their role as 
surrogate discussed because it is implied. Death as a taboo subject compounds the 
firstborn’s lack of knowledge about a loved one’s wishes. An individual who takes 
on the caregiving role may feel they cannot broach the topic for fear others would 
perceive them as trying to hasten their loved one’s death (Fig. 13.3).

 What Are the Traditional Disciplines/Approaches Related 
to the Issue/Problem?

Advances in medical technology that have made it possible to prolong and sustain 
life have also begun to transform communication about and care for people with 
serious illnesses. Palliative medicine is a relatively new discipline that has become 
a central element of contemporary care for people who are nearing death—and has 
been influential in shaping dialogue about the taboo subjects of death and dying. 
The care that is possible is not always desired; conversations about such choices 
have become essential. Palliative care is derived from the word palliate which 
means to make a disease or its symptoms less severe or unpleasant without remov-
ing the cause. Palliative care is interdisciplinary, holistic care that aims to improve 
the quality of life for people with serious illness, and their families at any stage on 
the disease trajectory. Ideally, palliative care begins at diagnosis and is provided 
concordantly with other disease directed treatments. Palliative care is both a phi-
losophy of care and an organized system for delivering care. The World Health 
Organization (WHO) stipulates that palliative care is applicable early in the course 
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of illness, in conjunction with other therapies that are intended to prolong life such 
as chemotherapy or radiation therapy. Supportive care is defined as improving the 
quality of life of people who have serious or life-threatening disease, often includ-
ing psychosocial support in end-of-life care and is often used interchangeably and 
synonymously with palliative care.

Over a million people die each week worldwide yet, 75% do so without access 
to essential medicines necessary to relieve suffering. The International Covenant of 

Fig. 13.3 Levels of communication about death. Source: concept: Dorothy Siaw-Asamoah; 
graphic design: Nicole C. Little
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Economic, Social, and Cultural Rights calls for the “right of everyone to the enjoy-
ment of the highest attainable standard of physical and mental health” (article 12:1, 
2000). Palliative care is not specifically codified as a human right; however, it can 
be inferred from important covenants and is supported by a number of international 
declarations.

The term palliative care carries a stigma for physicians, patients, and their care-
givers who regard it as synonymous with death and dying, loss of control, hopeless-
ness, and abandonment. The use of the term supportive care has been suggested as 
more favorable because it is associated with better understanding, more favorable 
impressions, higher future perceived need, and earlier referrals [22–24]. 
Unfortunately, the stigma and taboo that surround the delivery of palliative care 
may become a barrier for those who would benefit from receiving it.

Clinicians have expressed difficulty with the term “palliative care” that does not 
exist for the term “supportive care.” Palliative care carries the taboo of being associ-
ated with only the very end of life while supportive care may seem more palatable 
to clinicians who are responsible for initiating conversations about end-of-life care 
and choices. This difficulty or dissonance arises because the meaning most widely 
accepted and promoted by the WHO and National Consensus Project is not consis-
tent with the meaning derived from common association. Palliative care became the 
preferred term because hospice was seen as too limited in scope. Palliative care was 
adopted and defined by the WHO and it became the dominant term in public health 
discourse and documentation.

The delivery of palliative care is team based, interdisciplinary and at its best, the 
whole is far more than the sum of its parts. Each team member’s contribution adds 
dimension to this complex type of whole person care and strengthens discussions 
about end-of-life care. Physicians, nurses, social workers, spiritual care providers, 
volunteers, and professionals in alternative therapies (e.g., music and massage ther-
apy) each bring specific scopes of practice that contribute to and enhance the physi-
cal, psychosocial, spiritual, and social care of the patient and family as a unit. Each 
discipline brings a unique perspective to strengthen discussions about death, dying, 
and end-of-life care, using transparent and clear language instead of code speak and 
diminishing the taboo of palliative care. The Appendix presents Voices from the 
Field illustrating differential perspectives.

Global efforts to universalize understanding and utilization of palliative care 
continue. The International Association for Hospice and Palliative Care (IAHPC) is 
a global non-profit membership organization that is dedicated to the development 
and advancement of palliative care. IAHPC’s vision is universal access to high- 
quality palliative care, integrated into all levels of healthcare systems in a contin-
uum of care with disease prevention, early diagnosis, and treatment, to assure that 
any patient’s or family caregiver’s suffering is relieved to the greatest extent possi-
ble. IAHPC’s mission is to improve the quality of life of adults and children with 
life-threatening conditions and their families worldwide. (IAHPC; www.hospicec-
are.com).

The European Society for Medical Oncology (ESMO) has adopted pragmatic 
definitions of supportive and palliative care based on the common understanding of 
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the terms and a strategy to recognize and encourage a critical shift in emphasis to a 
palliative care paradigm when patients no longer have curable disease. ESMO has 
strongly supported a comprehensive program of policies, education, research, and 
incentives to encourage the integration of supportive and palliative care into cancer 
centers and programs. The American Society for Oncology (ASCO) has endorsed 
the integration of palliative care and thrown their weight and credibility behind it in 
an effort to educate clinicians and consumers about palliative care and to reduce 
stigma associated with the term [25].

Gomes et al. [26] conducted a systematic review and found moderate evidence 
that the majority of people prefer dying at home and most patients did not change 
preference as their illness progressed. This aligned with the direction by current 
end-of-life care strategies to target a home setting. Notwithstanding, even in coun-
tries where these resources to support a home death exist, the majority of people still 
do not die at home. This highlights the need for stronger action on factors previously 
found to influence death at home so that more are able to have their preferences met. 
There is also the need for further research to understand what factors influence 
death at home for people dying from non-malignant conditions, here the evidence is 
thinner and the chances of dying at home are generally lower than for cancer 
patients. The evidence that the majority prefers home to other settings is not as 
strong as it once was and there is a substantial minority of patients and caregivers 
for whom home is not the first choice or who change their mind as death approaches. 
The findings highlight the importance of allowing for a degree of diversity and flex-
ibility in service planning, alongside the focus on home care [26].

Culture is the mechanism through which people learn how to be in the world, 
how to behave, what to value, and what gives meaning to existence. Cultural con-
gruence is a process of effective interaction between the provider and patient or 
client. Effective provider communication involves sensitivity to cultural diversity, 
awareness, and competence. Diversity exists in many domains including but not 
limited to race, ethnicity, culture, age, gender, sexual orientation, socioeconomic 
status, education, individual backgrounds, and experiences. Exposures to diverse 
human cultural patterns vary widely and change over time. As patients, families, 
and communities grapple with the realities of human mortality, issues of culture 
come into focus in ways that heighten the relevance of cultural concerns at the end 
of life [27].

 What Disciplines/Approaches Might Be Leveraged to Speed 
Progress?

Reluctance to participate in end-of-life discussions is common all over the world. If 
we do not know how to communicate what we want and those around us do not 
know how to listen, it is almost impossible to express a clear choice. Provider edu-
cation and training—for all disciplines can focus attention on addressing barriers, 
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addressing the stigma of palliative care, raising public awareness, and using social 
media. There is the distinct possibility that patients are deprived of care because 
of stigma.

Enabling health professionals to have clear and informed discussions on death 
and dying is a major step on the road to improving end-of-life care. Specific barriers 
to provider communication about end-of-life issues have been found to include phy-
sician, institutional/organizational and social factors [28–30].

 Physician Factors

• Discomfort with discussing death and dying in the treatment context
• Fear of diminishing or undermining hope
• Fear of causing harm to the patient
• Lack of good models and mentorship
• Uncertainty about who is responsible (e.g., primary vs. specialist)
• Working with interdisciplinary professionals (e.g., who initiates?)

 Societal Barriers

• Social and cultural taboos.

 Institutional Barriers

• Stigma about palliative care being associated with imminent death; lack of pro-
tocols for introduction and referral.

 Organizational/Institutional Barriers

• Divergent perspectives and goals (e.g., providers, payers, surveyors).

An example of educational and training program that aims to address barriers is 
The Sidney Project in Spirituality and Medicine and Compassionate Care™ which 
was created to provide physician residents an opportunity to receive training and 
awareness of the significance of spirituality and compassionate care in the medical 
encounter with people who have serious illnesses. The project emphasized making 
connections with patients; the importance of self-care strategies; opportunities to 
discuss real feelings; common myths about physicians. Medical residents became 
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more aware of compassionate medical practices, which they were able to integrate 
in patient care despite the diversity of beliefs among them. The themes that emerged 
offer validation of the beneficial aspects of this program and other curricula in spiri-
tuality and medicine including “deeper connection to patients,” importance of self- 
care strategies, and a consciousness of the connection between physician and 
patient [31].

The online world is another timely venue for increasing awareness and knowl-
edge; it is alive with discussions, comments, and anecdotes about death and dying. 
Taubert et al. focus on how the subject of death and dying has influenced the world 
of microblogging, how it is fast becoming a focus of research, and how this may 
impact the creation of digital legacy building for people who are approaching death. 
They address what social media can provide for palliative care and bereavement 
workers including information, discussion forums, feedback, opinion gathering, 
areas of controversy, representing organizations and research. Social network sites 
have brought grieving and dying out of the private domain and into the everyday life 
of the online world. A careful discussion about their limitations but also an open 
mind towards the social change they are bringing are called for [32].

 Conclusion

Improving health literacy is a powerful means for transforming global health across 
the life course. Yet, communication about death, dying, and end-of-life care remains 
taboo topics worldwide, stigmatized by the fear and anxiety that people experience 
when confronting their inevitability. There is perhaps no topic more personal nor 
intimate than considering one’s own death or that of a loved one and no time in life 
that is more important for understanding and communicating than when death is 
approaching. Without open, honest conversation about what is hoped for and desired 
at the end of life, tremendous opportunities for resolution, meaningful conversa-
tions, and life-closure are missed. Absent knowledge about a person’s goals, values, 
and end-of-life wishes decisions can be made that bring unwanted and burdensome 
treatment. Death is a fundamental part of life and our interaction with it bringing 
deeper connection with religious, cultural, and personal value considerations into its 
communication can transform our global humanity. The barriers faced by the vari-
ous disciplines that are confronted with death and dying must be addressed to equip 
them with capacity to address this taboo subject hence de-tabooing death and dying 
(Table 13.1).

Best Practices
 1. Do not judge. What we think is the problem may not be at all.
 2. Respect people’s wishes.
 3. Respect people’s boundaries.
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 Appendix 1: A Partial List of Movements

Canadian Virtual Hospice: http://www.virtualhospice.ca/en_US/Main+Site+ 
Navigation/Home/For+Professionals/For+Professionals/Tools+for+Practice/
Education/End+of+Life+_+Palliative+Education+Resource+Center+(EPERC).
aspx.

ELNEC: https://elnec.academy.reliaslearning.com/.
Death Cafes (international): http://deathcafe.com/.
Green Burial Council: https://greenburialcouncil.org/home/what-is-green-burial/.
Dying Matters (UK): https://www.dyingmatters.org/.
National Healthcare Decisions Day (US): https://www.nhdd.org/.
Speak UP (Canada): http://www.advancecareplanning.ca/.
The Conversation Project: https://theconversationproject.org/.
Respecting Choices: http://www.gundersenhealth.org/respecting-choices/.
VitalTalk: http://vitaltalk.org/.
My Gift of Grace/Hello: https://www.mygiftofgrace.com/.
World Health Organization: http://www.who.int/cancer/palliative/definition/en/.

 4. Respect people who do not want to hear “it.”
 5. Do not go in talking about God.
 6. Listen to hear not to answer.
 7. Never lose hope.
 8. Be sensitive to people’s faith.
 9. Help me know what you need at this time.
 10. Use a structured protocol for guiding a conversation (e.g., the SPIKES 

protocol or The Conversation Project).
 11. We should not shy away from talking about death.
 12. Talk about it freely unless you perceive discomfort.

Spikes Protocol [33]
S-Setting up the interview: (arrange for privacy; involve significant others; sit 

down; make connection with the patient; manage time constraints and 
interruptions)

P-Patient’s perception: before you tell, ask.
I-Invitation: How would you like me to give you information? Would you like 

all the information?
K-Knowledge: Preface bad news with a warning, “Unfortunately I’ve got 

some bad news to tell you.”
E-Exploring/Empathy: Respond to emotions with offers of support and 

solidarity
S-Strategy/Summary: Check patient’s understanding and establish a clear plan 

for the future
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 Appendix 2: Other Examples of Taboo Topics in Health 
Communication—A Start List of Future Reading

There are many other health-related topics that are taboo and often addressed in 
code speak. Here is a beginning list of possibilities.

Table 13.1 Voices from the field: Cross Cultural—Cross-Disciplinary Perspectives from 
interviews with a Chaplain, a Priest and a Palliative Care physician—The elements of 
communicating about the Taboo of Death, Dying, and Palliative Care

Quotes from an interview 
with a hospital chaplain at a 
county hospital in the USA

Quotes from an interview 
with a Catholic Priest from 
Ghana

Quotes from an interview with a 
Palliative Care physician in 
Ghana

Difficult communication

People don’t want to mention 
the “D” word. They will say 
“Don’t tell me anything about 
the medical. My mom was up 
and strong before and she will 
get up again. They are afraid 
that if you talk about death it 
will happen right away

So it gets to a stage where I 
tell them no! the end is 
coming, let’s face it, let’s 
prepare ourselves for it, don’t 
let us think there is some 
miracle going to come from 
somewhere. Even though I am 
a priest, I know miracles can 
happen, but I don’t want to 
depend on miracles. Let’s 
face the reality, if you face it 
and it doesn’t come, when he 
is alive we are happy. But 
when he is going we should 
let him or her go in peace and 
we will prepare ourselves so 
we are not taken by surprise

I realized that it was very likely 
I would never see the patient 
again because he had 
deteriorated so rapidly. I had to 
explain the pathological 
processes that he had gone 
through because I wanted them 
to understand and grasp. I didn’t 
use the “D” word. I said, “we 
may not have a lot of time” but 
they looked distress
They want answers. But the 
initial resistance usually comes 
from the family who feel like if 
you tell “xyz” that you are 
going to die immediately

Avoiding talk about the death

I have actually seen people 
experience relief when they 
are invited to talk about death. 
People don’t realize how 
much relief they can give 
their families if they talk 
about it

Some people don’t want to 
talk about death, but they 
know it. So, I will use the 
word death and say this 
person doesn’t have much 
time. He could die at any 
time. I will say it, and when l 
say it, sometimes they are 
silent or they will ask me how 
do I know?

A lot of us feel that the 
Ghanaian doesn’t want to know 
and that if you tell them it 
would be an emotional mess. 
I’ve found out that in fact a lot 
of patients do know what is 
going on and they just want 
confirmation

(continued)
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Table 13.1 (continued)

Quotes from an interview 
with a hospital chaplain at a 
county hospital in the USA

Quotes from an interview 
with a Catholic Priest from 
Ghana

Quotes from an interview with a 
Palliative Care physician in 
Ghana

The stigma of palliative care

I used to wear a collar until 
one day when I came onto the 
unit and one of the residents 
was laying on the floor 
putting her hands up in the air 
saying “Oh Father.” She 
thought she was going to die. 
I learned that the collar was 
an anxiety thing that I wasn’t 
aware of. One man said, 
“Please don’t wear that collar. 
My wife thinks that you are 
here to give her last rites.” 
Then, I realized that I was 
causing something to happen 
so I don’t wear it to work 
anymore. That collar means 
“it’s worse than I thought.”
We want them to hear 
palliative and think life—not 
death

Like I had a case where they 
called me, a very good friend 
of mine called me and said 
Rev., we need your expertise 
in palliative care, because our 
father has been diagnosed and 
so I rush out and journeyed 
for about 3 months. We had to 
send the man to America, 
which I thought was not 
necessary, but, they had the 
money so they did that and 
when they got to America the 
doctor said this man will not 
last for the next 2 weeks. So 
they brought the person back 
and we journeyed and they all 
knew it will happen so that 
one, the acceptance was there

No more elephant in the corner. 
This is it, it is an elephant and it 
is sitting in the middle of our 
sitting room. Let’s deal with it
There was a burden lifted. I’ve 
found that if you don’t think it 
is so much of a taboo topic but 
it still is. The manner in which 
we communicate about it is 
what makes the difference

Culture—religion

I don’t start out with God and 
I don’t start out with death. 
The way I might bring it up is 
if I see a cross. I might 
comment on a family picture 
if I see one. I do my best 
work when I don’t say a thing 
and practice the ministry of 
presence. When you hit 
someone over the head with 
something—that’s abuse. I 
never challenge when I hear 
someone say, “God’s going to 
heal me.”

I went out and the woman 
said what kind of song is this? 
Did you come to pray that the 
man will get well or for the 
man to die. I don’t understand 
you
So when I sang my song, I 
said okay. I mean if you don’t 
like it that is what I feel like 
doing. I went home and then 
they called me around 3 am 
that the man is gone. So this 
woman was now telling me 
that when they call me I am 
going to forecast death, so 
they should be careful about 
me

Often its religion against 
culture. So, how much respect 
do you give to each? You try to 
tread cautiously so that you 
don’t offend anyone. Within the 
same family you may have 
Christians and then you may 
have the traditionalists or a 
Christian who sees spiritual and 
the others who think that 
tradition is tradition and it must 
be followed by all means so you 
still have to honor the family 
traditions

(continued)
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 Sexuality, Menstruation, Contraception

Aizenman, N. (2015). People are finally talking about the thing nobody wants to 
talk about. In Goats and Soca. National Public Radio: All Things Considered.

Kragelund Nielsen, K., Malue Nielsen, S., Buttler, R., & Lazarus, J. V. (2012). Key 
barriers to the use of modern contraceptives among women in Albania: A qualita-
tive study. Reproductive Health Matters, 20(40), 158–165.

Mellor, R.  M., Greenfield, S.  M., Dowswell, G., Sheppard, J.  P., Quinn, T., & 
McManus, R. J. (2013). Health care professionals’ views on discussing sexual 
wellbeing with patients who have had a stroke: A qualitative study. PLoS ONE 
[Electronic Resource].

Nambambi, N. M., & Mufune, P. (2011). What is talked about when parents discuss 
sex with children: Family based sex education in Windhoek, Namibia. African 
Journal of Reproductive Health, 15(4), 120–129.

Table 13.1 (continued)

Quotes from an interview 
with a hospital chaplain at a 
county hospital in the USA

Quotes from an interview 
with a Catholic Priest from 
Ghana

Quotes from an interview with a 
Palliative Care physician in 
Ghana

Guilt—regret

Families agonize when they 
reach the point where they 
can no longer take care of 
someone and have to place 
someone in long term care. I 
deal with guilt all the time. I 
work to help them change 
guilt to regret. The hardest 
person to forgive is yourself. 
It’s not your fault that she got 
old or got a disease. You can 
regret that it is happening but 
you are not responsible. 
Family members make other 
members feel guilty. When 
you love someone for real you 
put them in the right place. I 
talk about self-forgiveness

Sometimes they know it, only 
they don’t want to say it. They 
have seen the development 
and have noticed that they 
reached a stage where there is 
no hope. Only they don’t 
want to say it themselves. 
They don’t want to say it. 
They are hoping against hope

I remember a patient who had 
been living in Nigeria so her 
kids had grown up there and not 
in Ghana. When she fell ill, she 
asked to move to Ghana. Her 
son was trying to get a job in 
Ghana and her daughter was 
managing but they were 
refusing to get the family here 
in the Volta Region involved. 
We had to explain that 
sometimes cultural issues 
override a lot of things so if 
your mother says you must do 
this then take her at her wishes 
so that you can have peace 
because you don’t want the 
family to descend on you when 
that eventually happens. Plus, 
your father is not here and they 
would descend on him and ask 
him why he wasn’t here when 
their princess was sick. 
Sometimes it’s the cultural 
issues that cause difficulty in 
discussion
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Rani, A., Kumar Sharma, M., & Singh, A. (2016). Practices and perceptions of ado-
lescent girls regarding the impact of dysmenorrhea on their routine life: A com-
parative study in the urban, rural, and slum areas of Chandigarh. International 
Journal of Adolescent Medical Health, 28(1), 3–9.

Redelman, M. J. (2008). Is there a place for sexuality in the holistic care of patients 
in the palliative care phase of life? American Journal of Hospice & Palliative 
Medicine, 25(5), 366–371.

Warriner, J., & Power, L. (2009). Let’s talk about sex. British Journal of Nursing, 
18(22), 1356.

 Vaccines in Pregnancy

de Martino, M. (2016). Dismantling the taboo against vaccines in pregnancy. 
International Journal of Molecular Sciences, 17(894). doi: 10:3390/
ijms17060894

 Cancer Screening

Hicks, E. M., Litwin, M. S., & Maliski, S. L. (2014). Latino men and familial risk 
communication about prostate cancer. Oncology Nursing Society, 41(5), 
509–516.

Rohan, E. A., Boehm, J. E., DeGroff, A., Glover-Kudon, R., & Preissie, J. (2013). 
Implementing the CDC’s colorectal cancer screening demonstration program: 
Wisdom from the field. Cancer (August 1, 2013).

 Mental Health, Dementia

Kaduszkiewicz, H., Bachmann, C., & van den Bussche, H. (2008). Telling “the 
truth” in dementia--Do attitude and approach of general practitioners and spe-
cialists differ? Patient Education and Counseling70, 220–226.

Steinberg, D. S., & C.T., W. (2017). OCD Taboo thoughts and stigmatizing attitudes 
in clinicians. Journal of Community Mental Health, 53, 275–280.

 Obesity

Katz, A. (2014). The last taboo? Oncology Nursing Forum, 41(5), 455.
Pregnancy (de Martino, 2016).
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Chapter 14
Interpreting the Meaning in Our Genomes: 
Perspectives from Biochemistry, Genetics, 
Infectious Disease, and Dance

Jennifer A. Surtees, Thomas Russo, and Anne H. Burnidge

Our understanding of the information contained within our genomes (our DNA) is 
revolutionizing the way we consider personal and public health and well-being, as 
well as our concepts of race, ancestry, and identity. At the same time, we are at risk 
of exacerbating existing health and socioeconomic disparities by limiting the voices 
that are part of the conversations addressing the impact of genomic data. This chap-
ter is a call to action—to recognize the importance of genomic information across 
disciplines and to promote an understanding of that importance across societies—a 
call for broad-based genomic literacy.

Within the human genome resides information about the genetic factors that 
impact human health and disease—what remains is the daunting task of decoding 
that information for the benefit of all. Multiple variants can contribute to disease; 
different versions of genes can impact age of onset or affect the severity of symp-
toms. Interactions with the environment are likely critical. By understanding the 
contribution of different genetic factors to health and disease, we can improve treat-
ment and develop preventative approaches that are personalized to one’s genomic 
information [1–3].
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The human genome also contains information about ancestry and migration pat-
terns throughout history. In conjunction with archeological and historical records, 
our collective genomes help tell the story of the human race—and related hominid 
species [4–6]. Thus, our genomes not only provide practical health indicators, but 
also influence the less tangible sense of our personal identities.

 What Is a Genome?

One’s genome is the complete set of genetic material—all of one’s DNA.  The 
genome contains the information required to create, manage, and run an organism, 
from single-celled microbes to multicellular animals, including humans. It is often 
referred to as the “instruction manual” for an organism. Its genes encode all the 
proteins required for a cell to function and to generate different cell types and tis-
sues. There must also be careful gene regulation; the appropriate genes must be 
expressed, or “turned on,” at the right time and in the right place. Thus, in addition 
to providing the blueprint for the building materials, the genome also encodes intri-
cate regulatory information. Changes in either genes or gene regulation can alter 
genome function—sometimes for the better, improving the chances of passing one’s 
genome on to the next generation, and sometimes significantly less so.

 Understanding the Sources and Importance of Human 
Genetic Diversity

The DNA sequences of humans are 99.9% identical. The remaining ~0.1% is what 
makes us all different from each other (except identical twins) and the major source 
of that diversity among humans is derived from single base changes, i.e.  single 
nucleotide polymorphisms, or SNPs (pronounced snips). SNPs are defined as nucle-
otide positions within the genome where there is more than one possible version of 
a DNA sequence within a population. There are about 10 million SNPs in the pairs 
in our ~3 billion base pair human genome. Therefore, every gene almost certainly 
contains nucleotide positions that differ between individuals. Furthermore, blocks 
of SNPs are typically co-inherited, which helps determine ancestry and related-ness 
of individuals.

Inherited variations arise from changes in the germline DNA, i.e., they are passed 
on from one generation to the next, as a result of replication errors or genetic recom-
bination. SNPs, or other variants, can change the sequence of the gene product, can 
change gene expression, turning a gene on or off, or have no discernible effect. 
Sometimes a SNP is linked to (or nearby) a gene or DNA sequence that encodes a 
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trait, or phenotype, without causing the phenotype itself. Understanding how this 
works is the basis of genome-wide association studies (GWAS), which we will dis-
cuss later in this chapter.

 Changes During DNA Replication

Prior to cell division, when a single cell grows and divides to become two cells, the 
entire genome is copied to create two complete copies of the genome. During this 
process, called DNA replication, the genome is susceptible to mutations, although 
multiple mechanisms for DNA repair and genome stability are present in our cells.

The iconic DNA helix reveals the double-stranded structure of DNA. The two 
strands are held together by base pairing, fitting together in a complementary fash-
ion (Fig. 14.1a). There are four bases that make up the DNA sequence: adenine (A), 
cytosine (C), guanine (G), and thymine (T). A pairs with T; G pairs with C. When 
DNA is replicated, the elegant double-stranded helix is separated to reveal two 
single- stranded DNA templates (Fig. 14.1b). The replication machinery, a team of 
proteins, synthesizes new DNA polymers by connecting the deoxyribonucleotides 
(dNTPs), the building blocks of DNA. To create this new DNA strand, a free dNTP 
is inserted opposite a dNTP base in the template (old strand) via A-T and G-C base 
pairing. The dNTPs are added one at a time along the length of the template strand, 
and connected together, until there are two complete copies of the genome where 
there was once only one—each with one “old” strand and one newly synthesized 
strand of DNA (Fig. 14.1c).

There are a number of safeguards that ensure the correct base is incorporated. As 
a result, the error rate of DNA replication is one for every ~1 billion nucleotides 
replicated! But the human genome is about three billion base pairs and some regions 
of the genome are more prone to errors than others—mistakes do happen, leading to 
changes in the DNA (Fig. 14.1d). Changes in most cell types (skin, heart) may lead 
to changes in function and can ultimately lead to genetic diseases such as cancer. 
These changes in body cells do not get passed on to offspring. However, unrepaired 
errors in DNA replication that occur in germline cells, i.e., sperm or egg cells, can 
be inherited in the next generation.

Following DNA replication, there are four copies of every chromosome (rather 
than two), so that when the cell divides, each daughter cell will inherit two of each 
chromosome. The chromosomes are separated in a process called mitosis. The rep-
licated chromosome pairs remain attached at their centromeres, forming the famil-
iar X shape that we often think of when we think of chromosomes (Fig. 14.2a). 
These pairs line up along the equator of the cell. Spindle protein fibers extend from 
each cell pole, attach to either side of a chromosome pair and pull apart each repli-
cated pair. New cell membrane forms at mid-cell, resulting in two new cells, each 
with an entire complement of chromosomes.
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 Genetic Rearrangements (Recombination) During Meiosis

In contrast to potential errors in replication, which are accidental and typically very 
low in frequency, genetic diversity is deliberately generated during meiosis, the 
process that generates the sperm and egg cells that generate the next generation. 
Prior to meiosis, DNA replication duplicates the genome. Any changes in the DNA 
sequence that are not corrected have the potential to be inherited. And while this 
happens infrequently in an individual cell, over the course of human history, mil-
lions of inherited changes have occurred—generating SNPs.

Following DNA replication, there are two meiotic cell divisions that reduce the 
chromosome number to generate germ cells with one set of 23 chromosomes. Upon 
fertilization, the egg and sperm each contribute 1 set of chromosomes—23 from the 
mother and 23 from the father in humans, for a total of 46 chromosomes. But before 
the chromosomes are segregated into the germ cells, DNA recombination generates 
genetic diversity.

Fig. 14.1 (a) The DNA double helix is formed by base pairing between two strands of DNA. (b) 
The strands are separated at origins to initiate DNA replication. (c) The replication machinery 
(turquoise oval) sometimes makes mistakes, resulting in a misincorporation and a mispair (red 
circle). (d) If not corrected, this leads to a sequence change in subsequent rounds of DNA replica-
tion (red box). (Source: Jennifer A. Surtees)
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In early meiosis, pairs of chromosomes (both replicated copies of chromosome 
1, for example) are aligned and tethered. Double-strand DNA breaks are purposely 
generated along the length of each chromosome. Some of those breaks are repaired 
by swapping genetic information between the two different versions of the chromo-
some (Fig. 14.2b). This exchange, or recombination, is reciprocal; there is no loss 
or gain of genetic material nor is the order of the DNA changed. Rather, there is a 
mixing and matching of the DNA, including SNPs, along the chromosome. This 
means that the egg cells in your mother contain chromosomes that are a combina-
tion of her mother’s and father’s chromosomes and the germ cells in you are created 
from a mash-up of your own parents. With each successive generation, there is more 
mixing and matching of DNA sequences and SNPs to create tremendous genetic 
diversity. More closely related individuals have more similar SNP patterns, which is 
part of the underlying science for direct-to-consumer ancestry DNA services.

A. Mitosis
DNA

replication

spindle fiber

centromere

spindle pole body

Diploid body cells 
with 2 copies of 

each chromosome

B. Meiosis
DNA 

replication

chromosome 
pairing

recombination

segregation of 
chromosome pairs

spindle fiber

centromere

segregation of 
chromosomes

Haploid gametes 
(sperm,egg) with 1 

copy of each 
chromosome

spindle pole body

Fig. 14.2 (a) Mitosis: following DNA replication, duplicated chromosomes line up along mid-
cell. Spindle fibers (curved lines) come from the poles (blue ovals), attach to the centromeres, and 
pull chromosomes to opposite poles; new cell membrane forms at mid-cell. (b) Meiosis: following 
DNA replication, pairs of replicated chromosomes align at mid-cell, i.e., both replicated copies of 
chromosome 1. DNA breaks are induced and portions of the chromosome arms are exchanged 
(red arrows). The spindles separate the pairs; a new membrane forms at mid-cell. A second chro-
mosome segregation reduces the chromosome number by half to generate haploid cells. (Source: 
Jennifer A. Surtees)
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 How Does Understanding Our Genome Impact Human 
and Global Health?

How can we connect genomic information (and genetic diversity) with disease and/
or health and wellness? We use SNPs as markers, identifying SNPs that are “linked” 
to a phenotype such as a disease or trait. If a SNP contributes to a trait of interest or 
is located very close to the gene that encodes that trait, people with that trait are 
more likely to have that SNP than those individuals without the trait. Using a detailed 
map of the human genome and databases of genetic variants, we can perform 
genome-wide association studies (or GWAS) to identify SNPs that are associated 
with a trait of interest. The basic approach is to take a population with a particular 
trait (test group) and a population that lacks the trait (control group) and compare 
SNPs across the genome of each individual within each population. SNPs that are 
clearly present in both populations are unlikely to contribute to the trait being stud-
ied. Some SNPs may be present more frequently in the test group than in the control 
group. This correlation indicates a genetic link between the SNP and the trait of 
interest. For example, SNPs of APOL1 have been correlated with chronic kidney 
disease, have been shown to be associated with increased disease progression, and 
are more common in African and African-American populations [7]. Of course, this 
knowledge is of little use if treatment options are unavailable, hence the debate 
about resource allocation in low and middle income countries—medical facilities 
versus genomic infrastructure.

Importantly, it is not possible to make statistically meaningful correlations with 
only a handful of individuals. Similarly, genomic information from more distantly 
related or diverse populations is important in establishing these critical correlations. 
We will return to this point shortly. It is important to remember that the genetic fac-
tors identified through GWAS are statistical correlations—that is, they predict a 
relationship that must be confirmed with directed studies to establish causation. The 
presence of a SNP associated with a trait is not deterministic—possessing that SNP 
does not guarantee that trait will be expressed in a particular individual. 
Environmental factors (such as diet or chemical exposure) may play a role, or there 
may be protective genetic factors to mitigate the predicted effect of a SNP.

Consider the human MSH3 gene, which encodes a DNA repair protein. A MSH3 
SNP, rs26279, has been associated with a predisposition to certain cancers and to 
chemotherapy sensitivity. This SNP means that MSH3 nucleotide position 3108 can 
be either an A or a G [8]. Two copies of each gene, including MSH3, are present in 
the genome. Therefore, there are three possible allele combinations at this position 
in MSH3: G/G, G/A (or A/G), and A/A. Notably, this SNP distribution is distinct in 
different populations (Fig.  14.3), altering the probability of cancer in different 
groups. With about 180 SNPs within MSH3, there is a huge number of possible SNP 
combinations within this single gene that represents only about 0.0001% of the 
genome. Imagine the diversity across the entire genome!
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In addition to predisposing us to particular traits or diseases, SNPs can influence 
our response to various drugs, which is the foundation of the growing field of phar-
macogenomics. Perhaps the most famous example is the response to the anticoagu-
lant warfarin. Two key genes influence a person’s metabolism of and sensitivity to 
this drug—CYP2C9 and VKORC1 [9]. Specific CYP2C9 SNPs are correlated with 
rapid metabolism of warfarin, leading to rapid removal from the body through the 
liver. Individuals with these SNPs may need higher doses for more effective treat-
ment. In contrast, a VKORC1 SNP increases sensitivity to warfarin, requiring lower 
doses. Obtaining this genetic information from a patient prior to prescribing can 
help healthcare professionals choose an appropriate warfarin dose.

Another example is reaction to the anti-viral drug abacavir, part of a combination 
therapy for HIV-infected patients. In North America, 5–8% of patients are hyper-
sensitive to abacavir and suffer from fever, skin rash, gastrointestinal symptoms, 
and eosinophilia within 4–6 weeks of initial exposure and more severe symptoms if 
re-exposed to the drug. Hypersensitivity is highly correlated with the HLA-B∗5701 
SNP, therefore genetic testing for this variant prior to treatment is clinically indi-
cated and valid. However, this SNP frequency varies by population (high among 
Caucasian, Indian, and Thai populations, low among Africans, almost non-existent 
among Koreans) and therefore the need for testing may vary globally [10–12].

Fig. 14.3 MSH3 rs26279 genotypes in different populations. ALL all populations, AFR African, 
AMR Americas, EAS East Asian, EUR European, SAS South Asian. Sub-populations are indicated 
with lower case letters. Figure has been created by chapter author Jennifer A. Surtees through the 
adaptation of datasets presented in publicly available databases through the National Center for 
Biotechnology Information. (NCBI). Datasets located at: https://www.ncbi.nlm.nih.gov/projects/
SNP/snp_ref.cgi?do_not_redirect&rs=rs26279 and https://www.ncbi.nlm.nih.gov/snp/rs26279
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Similarly, ~20% of Zimbabweans carry two copies of a CYP2B6 SNP that 
severely reduces their ability to metabolize efavirenz, part of a three-in-one HIV 
combination therapy. In these patients, efavirenz accumulates in the bloodstream, 
causing hallucinations, depression, and suicidal tendencies, all of which led patients 
to stop taking the drug and precipitated a health crisis in 2015. Testing for this vari-
ant could allow for formulations with lower efavirenz doses. In 2016 Botswana took 
a different approach, adopting the alternative, albeit more expensive, drug dolute-
gravir, because ~13.5% of that country’s population carries two copies of the 
CYP2B6 SNP [7, 13]. In these examples, and many more, it is clear that understand-
ing the connections between genomic information and health outcomes can facili-
tate and inform public health policy around the world.

 Microbial Genomics

We can track human migration and human variation to develop an understanding of 
how our genomes contribute to traits and disease. The same principles apply to the 
pathogens that infect us. An important, recent example of this is a massive study of 
cholera around the world. By comparing the SNPs and other genetic variants within 
the hundreds of Vibrio cholera (the bacterium that causes cholera) genomes from 
Asia, Africa, and the Americas over the past 50 years, scientists traced the migration 
patterns of different V. cholera strains. Notably, strains that caused pandemics in 
both Africa and the Americas originated in Asia. Local strains caused disease, but 
rarely a full-blown epidemic. Therefore, efforts in eradicating local reservoirs of the 
microbe in Africa and America may be less effective than eradicating Asian strains 
to prevent outbreaks [14–16].

Similarly, the unprecedented 2018 outbreak of Lassa virus in Nigeria is being 
tracked with genomics. Lassa virus is borne by Mastomys rats and human infection 
usually is a result of exposure to the urine or feces of infected animals. Lassa virus 
can cause hemorrhagic fever, but the disease has a wide range of severity and a vari-
able clinical course. Genomic data suggest extensive diversity of Lassa virus strains 
circulating in Nigeria, likely partially accounting for the diverse clinical outcomes. 
No evidence was found for hypervirulence. Furthermore, despite concerns of exten-
sive human-to-human transmission, analysis of the genomic structure and variation 
obtained from dozens of samples suggest that there have been multiple cross- species 
(rat-to-human) transmissions, rather than human-to-human transmission [17–20].

 Genomics and Diversity

Our ability to decode genomic information, for health or for ancestry, is limited by 
the lack of diversity in genomic databases. The vast majority (currently about 80%) 
of individuals represented in the current databases around the world are from 
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European ancestry. This is a significant improvement over the past decade; in 2009, 
96% of collected genomic information was derived from European descendants [8, 
21]. Nonetheless, this dearth in diversity within the databases translates to dispari-
ties in our understanding of how genetic variation affects health in different popula-
tions. More broadly, it compromises research designed to understand both genetic 
predictors of disease and the underlying mechanisms [22].

Notably, recent studies of skin pigmentation and schizophrenia, among others, 
have demonstrated that there are a huge number of genetic variants that are only 
observed in African populations [5, 22–26]. Because humans originally evolved in 
Africa, there is much more genetic diversity represented across that continent. 
Smaller groups migrated from Africa to Europe, through the Middle East and into 
Asia—and eventually the Americas. These small groups carried limited genetic 
diversity to new colonies around the globe, restricting the genetic variants that are 
observed in different populations today (Fig. 14.4). Tracking these variants is how 
we can determine likely ancestry from genomic information. But we are missing a 
tremendous amount of genomic information because of a lack of diversity in 
genomic databases, particularly with respect to populations of African descent. 
Only about 3% of GWAS have been performed with African populations; 81% 
involve individuals of European descent. As a result, we are behind in understand-
ing the genetic factors that contribute to various disease traits, or drug responses, in 
these underrepresented populations [8, 24, 27, 28].

Fig. 14.4 Genetic diversity is highest across African populations (represented in the center of the 
cartoon), where humans originated. Diversity is indicated by different color circles. Smaller sub- 
populations migrated out of Africa (encircled) decreasing the genetic diversity. Over time, novel 
genetic variants arose in these smaller groups. These patterns of mutation allow us to track migra-
tion. (Source: Jennifer A. Surtees)
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Beyond the impact on health, differences in the frequency of SNPs and genetic 
variation within and between populations can help us understand human evolution 
and diversity, as well as the migration of different human populations around the 
globe. The more similar the patterns of SNPs between individuals, the more likely 
they are to be related. DNA regions containing SNPs rearrange through generations, 
making more distantly related individuals less similar with respect to these SNPs. 
Thus this diversity can be traced back through generations by examining and ana-
lyzing DNA sequences and SNP patterns. Understanding genomic diversity can 
therefore fundamentally change how we think our own identity and about so-called 
differences among us.

There is an ongoing concerted effort to broaden the diversity of genomic data-
bases. In 2015, the National Institutes of Health (NIH) in the USA and the Wellcome 
Trust in the United Kingdom funded the Human Heredity and Health in Africa (H3 
Africa) Initiative [29, 30]. H3 Africa funds African scientists, has helped set up 
 collaborative research centers, including biobanks and tissue repositories for 
genomic research, and has developed training programs to promote genomic liter-
acy in Africa through peer training. Similarly, the Sanger Institute in the UK partici-
pates in the African Genome Variation Project, a collaborative network of scientists 
across Africa and the UK seeking to understand the genetic variation among African 
populations [9]. In the USA, the NIH launched All of Us in 2018, a broad-based 
effort to recruit participation of all Americans in genomic databases, with a particu-
lar emphasis on populations that are currently underrepresented. Many other initia-
tives are underway: Global Gene Corp in India is focused on populations from 
South Asia; South Korea launched its own genomics project in 2015; the 
GenomeAsia 100K Initiative will sequence 100,000 genomes in south, north, and 
east Asia; 23andMe launched its African Genetics Project in 2016 and recently 
launched its Global Genetics Project; the Population Genomics and Global Health 
team at Stanford University is focusing on individuals from the Caribbean, Mexico, 
and South America [31–33]. All seek to expand the diversity of available genomic 
information to improve health and treatments for all populations around the globe 
[18, 34, 35]. Broader genomic literacy that creates an understanding of the benefits 
of broad participation in these efforts will be critical for their success.

Beyond precision medicine based on one’s personal genomic information, a bet-
ter understanding of all human genetic diversity will improve its ultimate imple-
mentation. And “precision public health,” basing public health decisions on 
populations and communities instead of individuals, may well precede personalized 
precision medicine. For example, in 2015, Ethiopia banned the use of codeine 
because ~30% of Ethiopians are ultra-metabolizers (a result of a CYP2D6 SNP) 
who convert codeine to morphine extremely efficiently leading to excessive mor-
phine formation [36].
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 Challenges in Genomic Literacy

The term “genome” is used all around us in many different contexts and is therefore 
familiar in that sense. But what the genome actually “is” and what we can learn 
from it is often misunderstood. A Wellcome Trust survey performed in the United 
Kingdom in 2012 found that only about 25% of respondents (ages 17 and up) self- 
reported “some understanding” or “better understanding” of the term “human 
genome.” In a national genomic literacy survey that the University at Buffalo, The 
State University of New York deployed in the USA in the spring of 2017, research-
ers found that about 42% of respondents ages 18 and older self-reported a “good” 
or “better” understanding of the term “human genome.” While this is an improve-
ment, it is notable that in the same survey, about 75% of respondents reported good 
to excellent understanding of “human DNA,” which means that almost half did not 
make the connection between human genome and human DNA.

Why does it even matter if people know about their genome? It may seem impor-
tant but somewhat esoteric—primarily the purview of doctors and scientists. In fact, 
there are compelling reasons why broad genomic literacy is an important goal. First, 
genomic literacy empowers patients, which is pretty much everyone, to ask ques-
tions and to request information about genomic testing. Second, genomic literacy 
empowers everyone to make better informed choices about their own health and 
lifestyle. Everyone should strive for a healthy lifestyle, but some choices may be 
more important to the patient with genomic makers indicating heart disease or dia-
betes. Third, in this age of direct-to-consumer genetic testing, there is a significant 
gap in the genetic information provided and people’s ability to interpret and apply 
that potentially vital information—and understand its limitations. Fourth, genomic 
information informs questions of identity and self. Finally, it is critical that we have 
an informed electorate to ensure that many voices are heard when decisions are 
being made about genomic public policy. Whether related to legal issues, issues of 
informed consent, privacy and security issues as well as patients’ rights, a diversity 
of voices should be part of the conversation to ensure public policy that mirrors 
society’s values.

There are several barriers to genomic literacy. One is a lack of access to the rel-
evant information—genomics, in general, is not taught in schools or other formal 
settings. Another is the perception that a lot of background information in required 
in order to get people to understand what their genome is and what it means. Lack 
of interest and/or a sense of intimidation is related to this latter issue. But sitting in 
a lecture hall, building on years of biology content, is not the only way to learn 
about the genome. In developing genomic literacy across a spectrum of audiences, 
it is important to partner and engage with people, to make the information interest-
ing and relevant to them.

Reaching a broad audience for genomic literacy will require new, innovative 
ways of engaging diverse audiences and means of communicating this information. 
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An interdisciplinary approach is essential and research is needed to continue to 
develop these approaches. In the meantime, we know that promoting genomic lit-
eracy broadly requires educating healthcare professionals who can then inform their 
patients. It requires genomically literate teachers to prime the next generation for 
the genomic age—and to shift educational standards in this direction. It requires 
scientists and researchers to initiate conversations with a broad range of lay people 
in our communities—to discuss genomics and the complexity surrounding genomic 
information. It requires lawyers to explore legal issues ranging from informed con-
sent for testing to the privacy and security of our genomic information. It requires 
social science and humanities researchers to reflect on our evolving ideas about 
identity in this genomic age and their impact on our society. It requires artists to 
embody and reflect the processes and the ethical questions inherent in genomic 
information. It requires entire communities to recognize that knowing our genome 
is paradigm shifting in ways that we cannot predict. It requires all of us to start and 
continue these very important conversations (Fig. 14.5).

Fig. 14.5 Levels of genomic literacy and impacts. (Source: concept: Jennifer A. Surtees; graphic 
design: Nicole C. Little)
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Case Study #1 Using Microbial Genomics to Understand Pathogen 
Colonization: Implications for Public Health by Thomas Russo
With the advent of DNA sequencing it is now possible to define the microbi-
ome (the genomic content of the microbes that colonize the body). Although 
this has not yet become part of personalized medicine practice for individual 
patients, it is being done for research purposes. These data have the potential 
to define the presence of microbes capable of causing infection (pathogens) 
within a population, which in turn can be used to estimate the risk of subse-
quent infection. This approach can be exemplified by an evolving pathotype 
of Klebsiella pneumoniae.

In the mid-1980s and 1990s, reports from Taiwan described a unique clini-
cal syndrome of community-acquired, invasive K. pneumoniae infection in 
otherwise healthy individuals that often presented with multiple sites of infec-
tion. The offending pathogen has been termed hypervirulent K. pneumoniae 
(hvKp). Although these observations were initially made in the Asian Pacific 
Rim where the majority of cases have been described, an increasing number 
of such cases are being reported worldwide. However, the risk of infections 
due to hvKp is presently unknown for most countries around the world.

Colonization with hvKp is the first step that may lead to infection. 
Determination of colonization rates would assist in predicting the risk of sub-
sequent infection. Mining the ever-increasing fecal microbiome sequence 
data generated from individuals around the world would be an efficient means 
to measure the prevalence of hvKp colonization. To accomplish this goal, our 
group generated a DNA database from fecal microbiome sequences in the 
public domain. This database was segregated by geographic location and eth-
nicity of the donor and subsequently interrogated for a combination of genes 
that have been shown to accurately identify hvKp. This process enables an 
accurate determination of the presence of hvKp and reflects the prevalence of 
colonization. The use of this information across communities, ethnic groups, 
and countries would lend insights into who would be at risk for hvKp infec-
tion and would assist in defining the overall public health risk.

Mining the microbiome likewise could help in our battle against antibiotic 
resistant bacteria by determining the prevalence of antibiotic resistance genes 
at the local, national, and international level. If, at presentation, the doctor is 
aware that an individual is colonized with antibiotic resistant bacteria or even 
the prevalence of these bacteria at the local community level, then this would 
greatly assist physicians in making optimal treatment choices pending final 
culture results, which can take hours to days. It is possible to imagine that in 
the near future individuals at risk for infection, and perhaps everyone, will 
have their microbiome analyzed as part of their personalized preventative 
health program and that this information, in turn, would be used to assist doc-
tors in the diagnosis and treatment of infections if and when they occur 
[37, 38].
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Case Study #2 Dancing the Science: An Embodied Approach to 
Genomic (Scientific) Literacy by Anne H. Burnidge

I hear and I forget. I see and I remember. I do and I understand.

—Confucius

Dance is a uniquely human endeavor that is created with the human body, a 
complex art form that engages the body’s knowledge to tell personal narra-
tives, express emotions, spark new ideas, create dialog, connect with others, 
and even explore scientific discoveries such as the human genome. 
Investigating scientific concepts through dance brings science to a human 
level, allowing observers and practitioners to develop a visceral, first-person 
understanding of multifaceted theories [39–41].

Dance and movement are particularly well suited to exploring the inner 
workings of the body. Processes and systems at the molecular level exhibit the 
same characteristics as macro-scale human movement, including action/
dynamics, shape/structure, spatial intent/directionality, duration/phrasing, 
and function/expression. Thus, one can create dance projects that embody 
genomic concepts in order to facilitate a deeper understanding of both science 
and dance—for both the dancer/choreographer and the audience.

The first step in the process is developing questions and gathering informa-
tion. What structures are involved? What processes are happening, in what 
order and with what characteristics? What relationships exist and what kinds 
of interactions occur? Then the scientific information is translated into move-
ment by making decisions about what the dancers represent (base pairs, 
enzymes), how they move (dynamics, spatial pathways), what they are doing 
(communicating, breaking bonds, replacing one another), how they relate to 
one another (through touch, focus), and what else is needed (costumes, props, 
music, lighting). The choreographer ensures that the artistic elements are 
clear and that the piece communicates an overarching message that is true to 
the scientific foundation. Now, the dance project is ready to be performed for 
an audience.

Participating in creative inquiry through embodied exploration and expres-
sion allows individuals of all ages and abilities to experience scientific enquiry. 
The performance brings science into a new context, providing a rich, meta-
phoric landscape from which observers can gain a holistic understanding and 
appreciation of the nuances of the science. Ultimately, dancing is a form of 
inquiry; the body is a site for knowledge creation; and investigating, experi-
encing, and observing with and through dance has the ability to engage par-
ticipants and the public in embodied learning that promotes genomic literacy.
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 What Is the Problem?

In January 1999, in a last ditch effort to turn the tide of Sierra Leone’s civil war in 
its own favor, the Revolutionary United Front (RUF) rebel organization embarked 
upon an all-out assault on the nation’s capital, Freetown. The notoriously violent 
group aptly termed the offensive “Operation No Living Thing,” as rebel soldiers 
engaged in a wave of unseemly violence toward the civilian population. In its 
advance on Freetown, the RUF escalated the brutality that had become its calling 
card over the previous decade of war: indiscriminately killing innocent civilians, 
engaging in systematic sexual predation, mutilating bystanders by amputating arms 
and sex organs, and forcibly recruiting children to serve as soldiers [1]. Assessments 
of the brief offensive estimated the killing of approximately 7000 people, with 
scores of others suffering gross human rights abuses [2].

More recently, groups like Boko Haram in Nigeria and the Islamic State of Iraq 
and Syria (ISIS) have built their own grisly reputations for indiscriminately target-
ing civilians, conducting extrajudicial killings, engaging in medieval torture prac-
tices, and directing murderous terror campaigns [3, 4].

Stories such as these seem all too common in media coverage of contemporary 
civil wars, and the public health consequences of such extreme behaviors are dire. 
As a result of civil wars and the violence they engender, public health systems 
degrade, access to basic needs such as food and clean water declines, and people are 
forced from their homes and into refugee camps where infectious diseases easily 
spread. These consequences of civil war significantly affect the lives of noncomba-
tant populations, degrading their health and reducing their lifespans at both indi-
vidual and population levels [5].

Yet, the most direct and often brutal consequence of civil conflict for civilian 
populations comes in the form of directly targeting noncombatant populations with 
atrocious violence, as described in the examples above. In this, the targeting of civil-
ians speaks to the most basic issue in public health: life and death.

 Recent Developments in Civil War and Political Violence

Considering the difficult decision on whether or not to fight for the would-be rebel, the 
very occurrence of civil war is rather extraordinary. Think about it: what would pos-
sess a person to take up arms against his/her government? The proposition is so 
fraught with danger that the idea of accepting such risks is mindboggling. In making 
the decision to rebel, a potential insurgent likely recognizes that their chances of being 
killed by the government increase if they decide to pick up arms. Indeed, rebel orga-
nizations face long odds, as they rarely defeat the government to win their wars [6].

And in the process of this likely futile challenge to the sitting regime, their loved 
ones are more likely to be brutalized and their communities are likely to suffer. As 
these costs mount, the relative value of victory declines given the severe price to be 
paid in the effort to achieve victory. It is difficult enough to imagine the perspective 
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of an individual making the choice to rebel. Now iterate that decision across hun-
dreds or thousands of individuals who must also make that same decision to take up 
arms in order for a rebellion to become viable.

A basic assumption in the field of economics is that individuals commonly 
behave in manners driven by self-interest, seeking to minimize the burden they bear 
for any goal they seek [7]. Thus, rebel groups are faced with a severe collective 
action problem. In other words, how can rebels motivate individuals to betray their 
self-interest and instead choose put themselves at significantly greater risk in sup-
port of the rebel group’s collective goals. This collective action problem must be 
overcome in order to coordinate their challenge to the government. Where individu-
als face such great risks to their wellbeing and survival by virtue of joining such an 
organization, one might presume that mass rebellions rarely get off the ground, as 
the impediments to a collective challenge against militarily superior government 
forces are too great. And yet, as Fig. 15.1 shows, the number of civil wars through-
out the world has grown since the end of World War II [8]. For comparison, Fig. 15.1 

Fig. 15.1 Global number of interstate and civil conflicts, 1946–2016. Conflicts are defined as a 
contested incompatibility between two states (interstate) or between the government of a state and 
a non-state actor (civil) in which battlefield fighting occurred and at least 25 casualties were sus-
tained in a given calendar year, and where both sides shared some number of those casualties. 
Figure created by chapter authors from open data-sets presented in source article. Website: https://
ucdp.uu.se/downloads/#d3. Data sources: Uppsala Conflict Data Program, Peace Research 
Institute, Oslo Armed Conflict Dataset. Gleditsch, Nils Petter, Peter Wallensteen, Mikael Eriks- 
son, Margareta Sollenberg, and Havard Strand. 2002. Armed Conflict 1946-2001 A New Dataset. 
Journal of Peace Research 39(5): 615–637. https://doi.org/10.1177/0022343302039005007
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displays the number of ongoing civil and interstate wars throughout the world in the 
post-WWII era. While wars between countries have been flat and limited in number, 
the number of civil conflicts have exploded in recent decades, peaking at 51 in 2015.

So why fight? Why engage in such a destructive activity for such a poor chance 
at success? One reason may be that people believe that the political and socio- 
economic status quo is unsustainable in a growing number of countries [9]. For 
instance, in less developed countries in particular, populations may have grievances 
against their incumbent governments that they seek to remedy. It may be that these 
grievances are so strongly held that the political distance between rebels and their 
government foes helps to explain the brutality of conflict. Indeed, genocidal  violence 
often occurs in tandem with ongoing civil conflicts, when seemingly intractable 
 differences, like race or religion, separate rebels from government. For instance, 
recent wars like those in Rwanda and Bosnia-Herzegovina were defined by ethnic 
slaughter [10].

It may also be that the opportunity for civil war has grown. Historical 
approaches to civil conflict often point to processes of decolonization, which left 
many newly independent states with limited administrative control over their 
populations, particularly in Africa and Asia [11]. Further, the availability of 
assistance to rebel movements was in grand supply during the Cold War era, as 
Western and Eastern blocs sought to support their respective surrogate rebel 
movements around the world. Thus, to the extent that increased access to the 
implements of war, such as weapons and funding, affects the ability of rebellions 
to challenge governments in limited capacity states, civil wars may become more 
common and more violent [12].

However, these trends do not necessarily speak to the relative brutality of civil 
conflicts like those described above. Whereas participants in interstate wars often 
attempt to abide by formal and informal rules of war, seeking where possible to treat 
the civilian population humanely, civil wars in recent decades have been defined by 
extraordinary destruction, the ruthless abuse of civilians, and cycles of violence that 
negatively affect the health and livelihoods of populations for generations [13]. 
Below, we offer rationales the violence committed by rebel and government fac-
tions in an effort to improve our understanding of the plight of civilians in civil 
conflict and the population health implications that result.

 Why Does Anti-Civilian Violence in Civil War Persist?

Popular sentiments of civil war often view violence against civilians in one of two 
predominant ways. In one, civilian deaths are viewed as collateral damage. In other 
words, civilians suffer the incidental consequence of being caught in the crossfire 
between the combatants. As an old African proverb puts it, “When elephants fight, 
it is the grass that suffers.”

In an alternative view, civilian suffering at the hands of the combatants in war 
is a product of barbarism. A unique feature endemic to the war context is a destruction 
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of informal social norms and formal institutions that enforce the humane treat-
ment of civilians. In other words, “war is hell.” This perspective supports the idea 
that where men must engage in barbaric violence on the battlefield to fulfill their 
conflict goals, this barbarism spills into their treatment of civilians off the battle-
field [14].

However, popular views of violence, particularly in civil war, often miss the 
underlying strategic nature of targeting noncombatants. Civil war belligerents view 
the civilian population not simply as a passive element of the conflict environment 
that is subject to their predatory whims. Rather, the rebels’ need to secure the sup-
port of the civilian population, often through fear or force, is a central component of 
its conflict strategy, and this in turn makes the civilian population a battleground for 
both rebel and government forces. For both sides, securing civilian support improves 
access to such resources as recruits, weapons, and information, and these resources 
improve a combatant’s ability to pursue its conflict goals.

Thus, to the extent that violence can be used to shape civilian support, combat-
ants may use the targeting of civilians as a rational conflict strategy, where violence 
is not simply a product of barbarism or collateral damage. In this sense, abusing 
civilians is a purposeful, strategic element of civil war, and only by recognizing this 
relationship can the health consequences of civil war be more fully understood. 
Below, we consider motivations of both rebel organizations and government forces 
for targeting civilians in the course of civil war (Fig. 15.2).

 The Rebel Calculus

To say the least, rebel groups in their early stages of organization are faced with a 
distinct disadvantage relative to the government in terms of military capability. In 
order to justify rebellion, insurgents must have an expectation that they will prove 
successful in their challenge to the regime. Otherwise, there is little reason to rebel 
in the first place.

Thus, a newly developing rebel organization must be able to manufacture a strat-
egy for confronting a government that has significant warfighting advantages. 
Generally speaking, governments have near monopolies on the capacity for com-
mitting violence. Relative to rebel forces, government militaries often have more 
troops, better training, more secure strongholds, more and better weapons, and tacti-
cal advantages like air superiority and military expertise.

As the literature on military tactics reveals, rebel groups thus most often choose 
guerrilla warfare as a conflict strategy that seeks to adjust for this asymmetry in 
power [15]. Guerrilla tactics rely on the use of small bands of soldiers that largely 
operate independently of one another, such that the capture of any one leader or 
group does not directly threaten the others. These small groups generally engage in 
hit-and-run attacks that are meant more to disrupt government operations than they 
are to inflict significant casualties. Insurgents turn to this strategy when conven-
tional fighting would almost certainly lead to failure. Given that governments often 
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have superiority in troops and armored capabilities, engaging in pitched battlefield 
fighting with massed armies would be futile.

Guerrilla operations, like Castro’s insurgency in Cuba and the Viet Cong’s resis-
tance in South Vietnam, are a shadowy form of fighting, in which insurgent attacks 
occur often and seemingly out of nowhere, as fighters attempt to appear both ubiq-
uitous and invisible all at once. Military victories are not the goal. Instead, insurgent 
objectives are psychological in nature, aiming to affect the government’s will to 
continue fighting against an enemy that the government cannot effectively engage. 
As such, an insurgent faction that is militarily weak relative to its government oppo-
nent seeks to achieve victory via death by a thousand paper cuts rather than by strik-
ing one momentous blow.

Fig. 15.2 Conceptual diagram of civil conflict. (Source: Nicole C. Little and Jacob D. Kathman)
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In order to fight in this way, however, insurgent forces are highly dependent 
upon the civilian population. It is the civilians that provide guerrillas with the 
resources that are necessary for their continued survival. From the population, 
guerrilla fighters can recruit additional soldiers to enhance their ranks. Rebels also 
depend on civilians for securing supplies such as food, shelter, weapons, and 
ammunition. Guerrillas live and fight among the civilian population. They are thus 
reliant upon the population for their continued survival via the provision of these 
resources [14].

Two resources in particular are critically important. The first is camouflage. 
Unlike the conventional use of camouflage in which soldiers wear uniforms with 
patterning and coloration that allow them to blend into the surrounding natural 
environment, guerrillas seek to blend into the demographic environment. 
Insurgent soldiers thus dress and act like civilians. Much of their time is spent 
living civilian lives. Though occasionally brandishing weapons in attacks on 
government forces, what makes the guerrilla soldier a hard target is the fact that 
s/he looks like everyone else and blends into the community. In a sense, they are 
hidden in plain sight.

Thus, the second critical resource that guerrillas require from the civilian popula-
tion is access to information. It is the population that holds information about gov-
ernment operations to resist the rebellion. Insurgents are dependent upon civilians 
to share this information such that the rebels can effectively carry out their guerrilla 
tactics and inflict losses upon government forces. Maybe more importantly, insur-
gents are reliant upon the population for withholding information from the govern-
ment. It is the civilian population that knows the locations of rebel strongholds and 
weapons caches. Most importantly, the civilians have information about which indi-
viduals are active rebel soldiers, which civilians collaborate with those rebel sol-
diers, and which civilians that have not aligned themselves with the insurgents. 
Should members of the population become informants to the government, the value 
of guerrilla camouflage evaporates, and the ability of the rebels to evade capture and 
death diminishes [16, 17].

Thus, guerrilla rebel groups are highly dependent on the support of the civilian 
population and are therefore incentivized to motivate civilian collaboration with 
their cause. Unfortunately for insurgents, most civilians tend to be apolitical. This 
does not mean that civilians do not have their own political preferences that they 
seek to secure. Rather, civilians generally do not hold these preferences so dearly 
that they are willing to die for them, and collaborating with the rebels puts civilians 
in the government’s crosshairs.

Rebel organizations must convince civilians that collaboration is economical and 
preferable to the status quo of remaining nonaligned. Rebel groups might do this 
through the provision of present or future benefits. For instance, rebels may provide 
an occupation and a wage to recruits. They provide security against government 
attacks. Rebels also make promises about future governance, like democratization 
or Marxist redistribution, that the civilians prefer over the existing political regime. 
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However, civilians tend to devalue these positive inducements for collaboration. 
The occupational benefit is only attractive to the extent that it exceeds the opportu-
nity cost of normal employment and accounts for the riskier nature of the work. And 
the individualized benefit to a civilian of grand political regime changes tends to 
yield limited payoffs for those who will not directly wield power.

Notably, all other things being equal, civilians wish to support the side that ulti-
mately wins the war. By doing so, civilians get to enjoy the spoils when siding with 
the winner while avoiding the post-war punishments at the hands of the victor for 
having supported the vanquished. It is thus rather difficult for rebels to induce col-
laboration given their resource weaknesses relative to the government [18].

However, there is one preference that civilians hold more strongly than any other: 
civilians wish to survive the war. It is this preference that guerrilla rebel organiza-
tions can most directly manipulate. The clear advantage that rebel groups hold over 
civilians is violence. And the advantage that rebels have over government forces is 
the rebels’ easy access to the population. For rebels, civilians are soft targets. They 
cannot easily defend themselves against rebel forces. Given that rebels often live 
among the civilians, and since government forces cannot be present everywhere at 
all times to defend civilians from the rebels, the ability of rebels to threaten civilians 
with violent reprisals is great. It is this threat of violence that rebels wield in con-
vincing civilians that it is costly to remain nonaligned and safer to commit their 
support to the insurgents [19]. When rebels fear that the population may be turning 
away from them, violence serves as a means of reviving and bolstering support. It is 
for this reason that rebel losses in battle, territorial retreat, and negative changes in 
relative rebel power have all been associated with an escalating violence against 
civilians by rebel organizations [14, 20, 21].

For instance, ISIS used extreme violence in an effort to maintain order in their 
areas of control as the group began to retreat [22]. Further, public displays of torture 
and death, like the beheadings for which ISIS became so notorious, serve as bill-
boards that advertise the violent sanction that comes with civilian rejection of ISIS 
rule [23]. Similarly brutal activities have been carried out by the Janjaweed in 
Darfur, the RUF, and Boko Haram. Notably, these activities are purposefully made 
public. They serve as reminders to civilians of the punishments for resistance. In 
this way, violence serves as a means of manipulating the population at large into 
collaboration even when the violence targets individuals.

Finally, to the extent that support cannot be obtained through violence, violence 
may at least serve to intimidate the population into submission, punishing civilians 
into recognizing that the government cannot secure their welfare. As an example, 
the Mozambican National Resistance rebel organization engaged in massive anti- 
civilian campaigns in the Mozambican Civil War, including striking public health 
facilities like hospitals and health clinics, in an effort to punish civilians indiscrimi-
nately for their tacit support of the government [24].

Thus, while it is true that noncombatants may be caught in the crossfire and suf-
fer as a result of collateral damage, and while it may also be true that the simple 
brutality of war threatens noncombatants, these explanations miss a primary moti-
vation of rebel violence. Rebels threaten the health and wellbeing of individual 

S. M. Przybyla and J. D. Kathman



237

civilians and their communities in a rational effort to improve their chances of win-
ning the war. Thus, the most fundamental elements of public health (i.e., issues of 
life and death for members of the civilian population) in civil war are intricately 
related to rebel war strategy.

 The Government Calculus

In much the same way that rebels employ violence, government forces also have 
strong incentives to use cruelty against civilians during civil war as a rational con-
flict strategy that negatively affect the population’s health outcomes. Indeed, it is the 
insurgents’ use of guerrilla tactics that helps us to understand the government’s use 
of mass violence against noncombatants. Government forces recognize that their 
guerrilla opponent is critically dependent upon the civilian population for its suste-
nance. In recognition of this, Mao Tse-tung famously noted that “the guerrillas are 
as the fish and the people the sea in which they swim” [16].

However, government forces have a limited ability to confront insurgents effec-
tively. The government needs to know a great deal more about the rebels beyond 
simply realizing that the rebels depend upon civilians. Given the civilian camou-
flage used by the insurgents, government forces have a difficult time determining 
which individuals are active members of the insurgency and which are not. Even 
more difficult is attempting to distinguish among civilians themselves, delineating 
by those who do and do not support the rebels.

Adding yet another layer of complexity to this is the fact that the type of informa-
tion that the government must obtain from civilian collaborators is the very type of 
information that rebel forces attempt to induce civilians to withhold. This is one 
important reason why civil wars tend to endure for such long periods [25]. Even 
though governments often have substantial military advantages over the rebels, 
these capabilities are not easily brought to bear when it is difficult to effectively 
identify the enemy. As such, guerrilla conflicts tend to be long and extraordinarily 
costly wars for the government. Indeed, this is an inherent part of the guerrilla 
design [17].

Still, like rebels, government forces have options for overcoming this informa-
tion asymmetry. Government forces seek to induce civilians into becoming infor-
mants and collaborators. These inducements may include the provision of benefits, 
like monetary payments, deputation of civilians as new authorities in the security 
apparatus, or policy reforms to satisfy civilian political interests.

Again, like the rebel experience, the provision of benefits by the government 
may not be a strong motivator of collaboration. This is especially the case in govern-
ment efforts to induce collaboration because the rebels often have more direct con-
tact with the population, living and working among the civilians in their daily lives. 
Thus, the relative proximity of rebels and distance of government forces often 
means that promises of future benefit provision fall on deaf civilian ears.
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Given the information limitations as to which individuals are rebels, rebel sup-
porters, and or nonaligned civilians, governments can choose to engage in mas-
sive indiscriminate violence. Drawing on Tse-tung’s analogy, Guatemala’s 
General Efrain Rios Montt argued that an effective counter-guerrilla strategy must 
“dry up the human sea in which the guerrilla fish swim” [26]. In other words, to 
defeat the insurgents, the civilians upon whom they depend must be removed. 
This may be achieved in different ways. For instance, a government may forcibly 
relocate large civilian populations to different locations in an attempt to separate 
civilians from insurgents. Such policies were implemented by the Ethiopian gov-
ernment during the Tigre insurgency and by the British government in the Boer 
War [27]. Relocations often produce unseemly living conditions, as populations 
are commonly quarantined in camps with little in the way of health consider-
ations. Even the process of relocation itself can be so fraught with danger and 
poor conditions that mass death results. This was the case in the Ottoman reloca-
tion of its Armenian population in which Armenians were deprived of food and 
water in deportation “death marches.”

However, when these policies fail or are ill-considered due to expected ineffec-
tiveness, governments may turn to mass violence [28]. Popular perceptions of mass 
killing (also commonly referred to as genocide or politicide) often consider the 
perpetrators to be bloodthirsty, motivated by ethnic or religious hatred, and other-
wise psychologically deranged to engage in extermination policies. Indeed, 
instances of mass killing are so imbued with immorality that defining the perpetra-
tors as irrational zealots may be a satisfying way to make sense of the brutality. Yet, 
considered in the counter-guerrilla context, mass killing can be seen by govern-
ments as a rational tool for quashing a costly insurgency. While such a view requires 
the relegation of morality to the trash bin, to the extent that mass killing serves as a 
tool for achieving the notable benefit of ending a guerrilla insurrection at “accept-
able cost,” then genocidal policies can be seen as strategic in nature. Once the sea is 
drained, the fish cannot survive. It is for this reason that statistical research has 
found that governments are more than three times more likely to engage in mass 
killing when faced with rebels that employ guerrilla tactics relative to any other 
rebel military strategy [27].

Given this perspective, it is somewhat less surprising that when governments 
become increasingly desperate to win in war due to the high costs associated with 
continued fighting, they also become more likely to unleash massive violence 
against the civilian population [29]. Thus, like the rebels, government forces impose 
themselves on civilians in ways that are unrelated to popular accounts of civilians 
being caught in the crossfire or being subject to the innate brutalities of man. Instead, 
much of the life and death risk to public health in civil conflict is a product of ratio-
nal calculation on the part of the government and rebel forces.
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 Foreign Interventions and Their Health Consequences

The rational motivations for brutality against civilians in civil war have implications 
for the ways in which the international community can respond to such crises. In an 
effort to ameliorate the violence and health consequences of civil conflict, debates 
often center around how best to address these problems. Two broad intervention 
types are prominent in these debates: interventions that are biased in support of one 
side and interventions that are neutral. Arguments for the former often argue that 
defending civilians can only be effective if the perpetrators of violence are con-
fronted and defeated. In defense of the latter, neutral interventions often seek nego-
tiated resolutions and the distribution of humanitarian aid to affected populations. 
Both forms of intervention ostensibly seek an end to violence and an improvement 
in the public’s health outcomes, which includes a reduction in civilian deaths, reduc-
tion in the spread of disease, and improvement in the population’s access to basic 
needs. All of these health outcomes thus contribute to a generally improved standard 
of health for the population.

One of the theoretical foundations of this chapter is that civilians are a critical 
component of rebel and government conflict strategies. Motivating civilian loyalty 
is beneficial to each. However, since civilians wish to support the winning side in 
order to avoid persecution at the hands of the victor, scholars have argued that civil-
ians generally wish to give their loyalty to the more powerful combatant.

With this as a starting point, research has shown that when the balance of 
power between the sides shifts in one’s favor due to combat successes, the weak-
ened side faces an existential crisis. Not only have they become weaker through 
combat, but as a product of becoming weaker, they face an additional, potentially 
catastrophic, reduction in power that results from diminishing civilian support. 
The weakened faction may then turn to violence against civilians as means of 
recouping resources and coercively enforcing allegiance from a potentially dis-
loyal population [21].

These dynamics raise important ethical questions for how the international com-
munity can respond to civil wars without exacerbating the violence and negative 
health outcomes of those wars. Indeed, any biased intervention that supports one 
faction, thus weakening the other, will incentivize the weakened side to engage in 
greater brutality. In fact, recent statistical modeling has revealed that a foreign inter-
vention with a strength of just over 1000 soldiers favoring the government increases 
rebel killings of civilians by 25%. An equivalent intervention favoring the rebels 
increases government killings by 40% [18].

Considering this dynamic, it can be difficult for international actors to intervene 
in civil conflict in favor of one side without inflaming the violent tendencies of at 
least one combatant party. Yet, neutral interventions have shown greater promise in 
protecting civilians from harm and improving national health outcomes [30, 31]. 
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Given the rationalist logic of violence detailed here, this may be because these inter-
ventions do not disrupt the power balance and may thus be more capable of reaching 
civilians with humanitarian aid without motivating abuses by the combatants. In this 
sense, understanding the strategic motivations for combatant abuses is important for 
structuring international responses meant to defend the wellbeing of civilians. 
Indeed, short of such an understanding, intervention may serve to exacerbate the 
negative health consequences of civil war.

 Traditional and New Disciplinary Approaches to Civil War 
Violence

Traditionally, the study of violence in civil war has been the purview of political 
science and history. Only recently has the political science field engaged in a more 
rigorous accounting of violence motivations with a rationalist approach, which is 
the perspective applied here.

Future work would benefit from public health contributions. We know from past 
research that civil war is prevalent where certain societal-level indicators of suffer-
ing are also present, such as poverty, disease, and oppression, and these are also key 
social determinants of individual and community health. Research also indicates 
that the experience of civil war further worsens this suffering in a vicious cycle, 
including population-level morbidity and mortality. As such, those areas that experi-
ence civil war at one point in time are highly likely to experience it again in the 
future. The health consequences of civil war are thus likely to experience spiraling 
downward trends.

Beyond the violence described above, civil war generates a variety of negative 
public health outcomes, including famine, disease, and infant mortality, that have 
both individual-level and societal-level significance. While improving our under-
standing of these phenomena is important, providing a strategic logic for direct vio-
lence against civilians by combatants is critically important, as it is the driver of 
these other deleterious phenomena. Beyond this, the suffering engendered by civil 
war notably appears to follow an epidemiological process of infecting nearby regions 
and countries with its violence. Therefore, the methods of study used in public health 
would assist in our understanding of violence processes. In much the same way that 
the discipline explains health outcomes, the study of civil war violence as an extreme 
health outcome would benefit from greater attention from the public health disci-
pline. Efforts in this regard could inform policy seeking to improve public health 
during and after war, and recent research suggests that effective intervention options 
are available to this end [32].
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Case Study: Foreign Intervention and the Lord’s Resistance Army
The dangers of biased intervention for the purposes of confronting abusive 
war factions are revealed by the US intervention into Uganda’s civil war. In 
December 2008, the USA aided the Ugandan government in its preparations 
for confronting the Lord’s Resistance Army. The LRA, headed by Joseph 
Kony, is one of the longest surviving rebel organizations in the world. Over 
its decades-long effort to topple the Ugandan government, the LRA has also 
been extraordinarily brutal toward the civilian population. Having long ago 
lost the voluntary support of the Acholi population in northern Uganda, the 
LRA’s tactics turned extremely violent as a means to coerce support. In an 
effort to confront Kony, the USA began to support the Ugandan government 
with equipment, intelligence, and military advisors, viewing this support as 
a form of humanitarian intervention to protect civilians from future 
atrocities.

Unfortunately, Operation Lightning Thunder was ultimately unsuccess-
ful. Kony survived the attack, and the LRA, while weakened, remained 
constituted. Immediately following the operation from December 2008 
through May 2009, the LRA set off on a series of coordinated attacks. In 
this period, the group targeted and killed over 1000 innocent civilians, 
abducted scores of children to serve as slave soldiers, displaced hundreds 
of thousands from their homes, and pillaged the goods left behind. In con-
ducting these atrocities, the LRA sought to recoup its losses by spreading 
terror throughout the countryside, plundering resources, and victimizing 
the local population. In its bid for survival, the LRA inflicted terrible suf-
fering on innocents, which many viewed as seemingly senseless and irra-
tional violence [33, 34].

Taken in the context of this chapter, however, the LRA’s violence fits 
with a rational understanding of insurgent hostilities. The strategic incen-
tives for violence must be considered carefully when developing the means 
by which to manage civil war factions. If the policy goal is to protect civil-
ians, then a policy tool that simply weakens the perpetrator of human rights 
abuses is likely to backfire in the form of a substantial escalation of those 
same abuses. In the LRA’s case, the group continued to persist, finding 
refuge in the border regions between, Uganda, the Democratic Republic of 
the Congo, South Sudan, and the Central African Republic, and preying on 
the local population there.
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 Introduction

Approximately 36.7 million people are living with human immunodeficiency virus 
(HIV) and acquired immune deficiency syndrome (AIDS) and another 1.8 million 
are infected every year [1]. As one of the biggest global health challenges, HIV 
attracts attention from researchers, government and non-government organizations 
(NGOs), and the pharmaceutical industry to discover better drugs/vaccines, stop the 
spread of the disease, and promote adherence to treatment. Progress in fighting 
HIV/AIDS has been geographically uneven with a huge burden on low- and middle- 
income countries (LMICs) in terms of morbidity and mortality. Antiretroviral drugs 
(ARV), the only known way to prevent AIDS-related death, can be costly and legally 
challenging to produce and distribute in LMICs. While cost of treatment has 
decreased, challenges in countering HIV include access, the quality of care, and 
prevention. In this chapter, we examine the geographic aspects of HIV, ARV pro-
duction, and the role of international stakeholders (e.g., international organizations 
and pharmaceuticals). We argue that inclusive innovation involving multi- 
stakeholder and multidisciplinary (e.g., drug development, economics, epidemiol-
ogy, geography, international business, social work, patients, or community 
agencies) collaboration is critical for halting and reversing the trends.

 Disease Burden and Geographic Patterns

HIV, a retrovirus, reproduces itself by overtaking “T-Cells” and using them to pro-
duce copies of itself while rendering the cell useless in the process [2]. These cells 
are an important part of the human immune system and the virus weakens the ability 
of an infected individual to fight infections. The virus infects an individual by enter-
ing the body through the exchange of bodily fluids with someone living with 
HIV. This includes sexual intercourse, breast feeding, sharing injection equipment, 
blood transfusion, and vertical transmission from mother to child. If untreated, the 
HIV virus develops a condition known as AIDS characterized by opportunistic 
infections (e.g., tuberculosis). There is no known cure or vaccine for the virus. 
ARVs are effective in suppressing the virus and may reduce the viral load (viral 
count per milliliter of blood) of an infected person to undetectable levels. Reaching 
an undetectable load makes it highly unlikely that an infected person will transfer 
the virus to a non-infected person [3].

The overall societal burden of HIV includes loss of income, high medical cost, and 
AIDS orphans. For example, the loss of income decreases food security; children 
dropping out of school to work for food further aggravates economic conditions. 
Furthermore, poor households have limited resources to cope with HIV/AIDS [4]. At 
the national level, it has been estimated that HIV/AIDS decreases annual GDP growth 
rates by 2–4% across Africa due to lower labor productivity of infected persons, 
higher public expenditure to deal with the disease, and the need to import drugs [5, 6].

Disability-adjusted life years (DALY) represent the loss of life years that would 
have been free from disease and disability—it represents the difference between the 
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current health state and the ideal disease and disability free situation and is a measure 
of reduced life quality. In 2004, HIV was the fifth largest contributor to DALYs, 
accounting for 58.5 million disability-adjusted life years. This burden was dispropor-
tionately levied on low-income countries, which account for 42.9 million of the DALYs 
attributed to HIV/AIDS [7]. The overall impact and geographic unevenness persists in 
2010—the age group 30–44 HIV/AIDS is the leading cause of DALYs in 21 countries 
in Eastern and Southern Africa, Central Africa, the Caribbean, and Thailand [8].

 Geographic Patterns

Table 16.1 shows the geographic distribution of HIV cases, new infections, and 
mortality. Sub-Saharan Africa combining Eastern and Southern Africa as well as 
Western and Central Africa represents 69.5% of all HIV cases, 64.44% of new infec-
tions, and 73% of the annual HIV related deaths. HIV/AIDS-related illnesses are the 
leading cause of death among women of reproductive age in the world [9]. According 
to the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR),  adolescent girls 
and young women account for 74% of new infections in sub-Saharan Africa [10].

According to UNAIDS, the number of deaths from HIV related causes has been 
declining with a peak of 1.9 million in 2005 to one million in 2016—this is mainly 
attributed to the increased availability of ARVs. Figures for women and children show 
improvements—they tend to have higher ARV coverage and are inclined to follow 

Table 16.1 Regional HIV and AIDS statistics with confidence intervals, 2016

World regions
Persons living with 
HIV, all ages

Persons newly 
infected, all ages

Death due to 
AIDS, all ages

Eastern and Southern Africa 19.4 million
(17.8–21.1 million)

790,000
(710,000–970,000)

420,000
(350,000–510,000)

Western and Central Africa 6.1 million
(4.9–7.6 million)

370,000
(270,000–490,000)

310,000
(220,000–400,000)

Middle East and North 
Africa

230,000
(160,000–390,000)

18,000
(11,000–39,000)

11,000
(7,700–19,000)

Asia and the Pacific 5.1 million
(3.9–7.2 million)

270,000
(190,000–370,000)

170,000
(130,000–220,000)

Latin America 1.8 million
(1.4–2.1 million)

97,000
(79,000–120,000)

36,000
(28,000–45,000)

Caribbean 310,000
(280,000–350,000)

18,000
(15,000–22,000)

9400
(7300–12,000)

Eastern Europe and Central 
Asia

1.6 million
(1.4–1.7 million)

190,000
(160,000–220,000)

40,000
(32,000–49,000)

Western and Central Europe 
and North America

2.1 million
(2–2.3 million)

73,000
(68,000–79,000)

18,000
(15,000–20,000)

World Total 36.7 million
(30.8–42.9 million)

1.8 million
(1.6–2.1 million)

1.0 million
(830,000–1.2 
million)

Share Sub-Saharan Africa 69.5% 64.44% 73%

Source: UNAIDS [1]; and calculation by authors
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their treatment regimen resulting in 27% lower deaths compared to men [1]. Reduction 
of deaths in Eastern and Southern Africa influences the overall pattern—1.1 million 
in 2004 to 0.42 million in 2016. New infections are still a problem—the UN planned 
to reduce new infections to 0.5 million a year by 2020 but 1.8 million occurred in 
2016. The decline in new infections is only 16% between 2010 and 2018. New infec-
tions among children have declined in the same timeframe by 47% as a result of sup-
plying pregnant women with ARVs preventing virus transmission.

Over time, there has been a price decrease in the annual cost of treatment per 
patient. Figure 16.1 displays the global average annual cost of treatment per patient 
of imported ARV medication based on total exports and prices reported by the 
Global Price Reporting Mechanism (GPRM) of the WHO [11]. While the average 
annual treatment cost well exceeded $200 per patient in 2004, it dropped in 2010 to 
under $100 per patient, and has continued to decline.

Figure 16.2 shows prevalence rates by countries and changes in prevalence rates 
between 2000 and 2016 based on data from the WHO Global Health Observatory 
[12]. Prevalence rates in 2016 are under 1% among the adult population (age 15–49) 
in most regions. A cluster can be identified in sub-Saharan Africa where rates are 
higher with a distinctive hotspot in the South. South Africa, Zimbabwe, Botswana, 
Namibia, Mozambique, and Zambia have the highest rates in the world with 
10–27.2% (South Africa) of the population. Most countries in Africa show a decrease 
or stagnation in prevalence rates with the exception of Angola, South Africa, Sierra 
Leone, and Sudan (Fig. 16.3)—these countries experienced increases between 30% 
and 100%. In Asia, Kazakhstan, Vietnam, and Kyrgyzstan experienced similar 
increases while increases up to 400% can be found in Indonesia, Laos, and Tajikistan. 
Latin America and South America experienced increases in prevalence rates as well 
with the exception of the western part of South America. Eastern Europe (east of 
Poland) notes strong increases in prevalence rates. Interestingly, France, Ireland, 

Fig. 16.1 Global average annual cost of treatment per patient of imported ARV medication. 
(Source: Chapter authors created this figure. The data presented are results of chapter author cal-
culations using the individual ARV drug transaction data “Global Price Reporting Mechanism for 
HIV, tuberculosis and malaria” provided by the World Health Organization. Link to web presence 
of data set: www.who.int/hiv/amds/gprm/en/)
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Fig. 16.2 HIV prevalence rate among adults aged 15–49  in 2016. (Source: Map produced by 
authors using data from Global Health Observatory, “Global Health Observatory data HIV/AIDS” 
provided by the World Health Organization. Link to web presence of data set: www.who.int/gho/
hiv/en/.

Fig. 16.3 Change in HIV prevalence rates among adults aged 15–49 between 2000 and 2016. 
(Source: Map produced by authors. Authors calculated change in prevalence rates based on coun-
try level data using data from Global Health Observatory, “Global Health Observatory data HIV/
AIDS” provided by the World Health Organization. Link to web presence of data set: www.who.
int/gho/hiv/en/.

http://www.who.int/gho/hiv/en/
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http://www.who.int/gho/hiv/en/
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Fig. 16.4 Average annual treatment cost in 2016 weighted by total units imported. (Source: map 
produced by authors based on data from “Global Price Reporting Mechanism for HIV, tuberculosis 
and malaria.” The data presented are results of chapter author calculations using the individual 
ARV drug transaction data provided by the World Health Organization. Link to web presence of 
data set: www.who.int/hiv/amds/gprm/en/. 

Netherlands, and Sweden—the only developed European countries with available 
WHO data—show increases in prevalence by 30–100% as well. Reasons of change 
may vary from country to country and may relate to better education/prevention as a 
result of increasing awareness, ARV availability affecting life expectancy of infected, 
changes in testing procedures identifying more/less infected or changes in the cul-
tural perception of HIV.

Regional variation exists also in drug import pricing measured by the annual 
cost of treatment per patient weighted by units of ARVs by country. Figures 16.4 
and 16.5 show the cost at the country level in 2015 and changes in treatment cost 
by country between 2005 and 2015. Prices in Africa and in developing countries in 
Asia are low—the estimate is under $150 per year. Drugs in South Africa, where 
prevalence rates are highest, are under $100 per year per patient. Angola, Libya, 
and Tunisia import the priciest drugs in Africa. Overall, the cost of imported treat-
ment has decreased since 2005 with a few exceptions. Niger, Angola, Tanzania, 
and Mongolia experienced slight increases; drugs in Mongolia and Iraq are up to 
five times more expensive.

Based on GPRM data, cost and market share leaders in global ARV exports in 
2015 are India and South Africa. India is responsible for nearly 79.6% of exports 
with an average annual cost of treatment of the exported drugs at $81, while South 
Africa is the second largest exporter of ARVs with approximately 15.4% priced on 
average at $56. In contrast, exports from the USA make up approximately 3.3% and 
are priced on average at $154.
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 The Role of Governments, NGOs, and Multinational 
Enterprises (MNEs)

The U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) and the United 
Nations (e.g., various programs including the World Health Organization (WHO) and 
UNAIDS) are the leading organizations. UNAIDS is actively involved in shaping 
policy to achieve the 90-90-90 goal by 2020. This includes diagnosing 90% of those 
living with HIV, supplying 90% of those diagnosed with ARVs, and suppressing the 
virus in 90% of those on therapy. UNAIDS supports governments in formulating 
goals and strategies to achieve these goals [1]. The WHO sets up general frameworks 
to coordinate efforts: research support, data collection and monitoring, formulating 
ethical and evidence-based policies. Both organizations provide technical support to 
help build institutional capabilities. UNAIDS and WHO collaborate with a variety of 
organizations, including PEPFAR. The role of a government organization (PEPFAR), 
a non-government organization (Mothers2mothers), and a multinational enterprise 
(Cipla) is shown in Table 16.2. The data sources are publicly available program docu-
mentation, program websites, and newspaper articles.

PEPFAR is a U.S. government program founded in 2003 to address global HIV/
AIDS crisis and was endowed with $48 billion (2008–2013). PEPFAR is active in 50 
countries and supplies 13.3 million people with ARVs [14]. The majority of these 

Fig. 16.5 Change in average annual treatment cost between 2005 and 2015. (Source: map pro-
duced by authors based on data from World Health Organization, “Global Price Reporting 
Mechanism for HIV, Tuberculosis and Malaria.” The data presented are results of chapter authors’ 
calculations of annual cost of treatment per patient by country) using the individual ARV drug 
transaction data provided by the World Health Organization. Link to web presence of data set: 
www.who.int/hiv/amds/gprm/en/. 
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Table 16.2 Organizations involved in the HIV/AIDS response

The U.S. President’s Emergency Plan For AIDS Relief (PEPFAR)

Description • U.S. government program
• Founded in 2003 as response to global HIV/AIDS crisis
• From 2008 to 2013 endowed with up to $48 billion
• Active in 50 countries and supplies 13.3 million with ARVs

Mission • Access to ARVs
• Prevention (abstinence promotion)
• Palliative care
• Support of orphans and children affected by HIV
• Scientific support (case study database) and innovation challenges

How • Runs country based drug purchase programs
• Cost reduction deals with drug companies
•  Large market power, economies of scale influence pricing → spent 7 billion on 

ARVs in 2017
• Purchase drugs (HIV/AIDS) and co-morbidities (tuberculosis and malaria)

Cooperation •  Cooperation with government and large international organizations and NGOs 
who subcontract smaller NGOs to distribute drugs

• Cooperation with industry and NGOs (innovation challenges)
Other • Critique:

•  Prohibit support for organizations offering needle exchange programs, 
promoting abortion, or providing support to sex workers

• Program is inflexible preventing adjustment to local context
•  Drugs purchased require FDA approval resulting in longer approval times and 

higher prices
Mother2mothers

Description • South African NGO, operates in several sub-Saharan countries
• $18 million budget in 2016

Mission • Policy making and complementary patient care
• Creation of national mentoring programs
• Aims to reduce mother–child transmission of HIV

How •  Seeks to establish partnerships with governments to establish national mentoring 
programs. Currently national programs exist in Uganda and South Africa

•  Links pregnant women living with HIV with mentor mothers also living with 
HIV who provide supportive services and education

• Mentor mother paid fulltime and located in understaffed clinics
•  Supplies program participants with ARVs (duration country specific: Either 

during pregnancy or permanently)
• M2M’s methodology incorporates stigma-fighting mechanisms

Cooperation • Governments
• Clinics
• HIV positive mothers and mentors

Other • Successes:
•  m2m mothers in Lesotho had a child transmission rate of 1.6%, compared with 

the national average of 11%
•  $1 spent on m2m’s mentor mother model yields $11.40 in averted treatment 

costs
•  93% of participants are treatment adherent after 3 months compared to 73% 

outside the program
• Higher disclosure rates in relationships increased

(continued)
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funds were allocated to treatment of HIV and co-morbidities (e.g., tuberculosis), fol-
lowed by prevention such as promoting abstinence. Smaller portions are allocated to 
palliative care and the support of children, including orphans, affected by the HIV 
crisis. PEPFAR runs country based drug procurement programs and has cost reduc-
tion deals with drug companies. PEPFAR provides low cost generics to countries or 
international organizations who in turn subcontract smaller organizations to distribute 
the drugs. PEPFAR supports the development of a multidimensional understanding 
(e.g., the role of poverty, gender inequality, sexual violence, and a lack of education) 
of HIV prevention with its DREAM (Determined, Resilient, Empowered, AIDS-free, 
Mentored, and Safe women) programs focusing on prevention of HIV in adolescent 
girls and young women, who make up 74% of newly infected in Africa [10, 21]. The 
six challenge areas are retaining girls in secondary education, strengthening the capac-
ity of service delivery, linking men to services related to HIV, supporting pre-exposure 
prophylaxis, providing a bridge to employment, and applying data to increase impact. 
The challenge is conducted together with multinational enterprises (e.g., ViiV 
Healthcare, Johnson & Johnson) providing overall $85 million in funding. The major-
ity of 63 communities or districts in 10 African countries in which the initiative is run 
experienced a 25–40% decline in new infections among adolescent women.

Mothers2mothers is a South African NGO, operating in several sub-Saharan 
countries, with an annual budget of US$18 million. It aims to reduce mother–child 
transmission of HIV. In Uganda and South Africa national mentoring programs have 
been established linking pregnant women living with HIV with mentor mothers also 
living with HIV—they provide supportive services and education to increase treat-
ment adherence and the removal of stigma. Mentor mothers have access to ARVs. 
Successes claimed include lower mother to child transmission rates than the national 
average of participants, higher drug adherence than non-participants, and higher 
HIV disclosure rates to partners [15, 19, 20].

Mother2mother bridges policy and treatment combining ARV delivery to its cus-
tomer base with education and extensive mentoring efforts, while at the same time 

Table 16.2 (continued)

Cipla

Description • Multinational corporation from India
• Specializes in ARV therapy

Mission • Generic drug producer
• Low pricing (initially 96% reduction from the cost of treatment in the USA)
• New drug development

How •  Initially exploited process patents (patent granted for producing a drug in a novel 
way)—a practice unique to India and internationally heavily criticized as seen as 
patent violation

•  Takes now advantage of TRIPS exemptions for LDCs supplying LDCs with 
ARVs while forming strategic partnerships with global generic manufacturers

Cooperation • Has FDA approved drugs participating in PEPFAR
•  Cooperates with NGO: Offered Medicines Sans Frontieres (MSF) preferential 

ARV pricing for $350/year and patient
• Offers government receiving backing from MSF preferential pricing

Source: Table prepared by authors based on various sources [13–23]
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being involved in shaping public policy. However, the program does not seem to be 
involved in discussions with drug companies (at least beyond price). The examples 
show that there is a disconnect between people needing the drug in LMICs and drug 
manufacturers, with little interaction between the two even with mediation from 
other stakeholders.

The case of Cipla shows that the emphasis on reducing cost is given to generic 
drugs. But drugs exclusively developed for the developing world with input of stake-
holders acknowledging local conditions and production opportunities is not an explicit 
goal. In this case, the interaction between drug manufacturers and countries seems to 
end with governments or larger humanitarian organizations (e.g., PEPFAR). Cipla 
Pharmaceuticals is an Indian company headquartered in Mumbai and specializes in 
generic HIV antiretroviral therapy, along with other treatments, and has been an indus-
try leader for the past two decades [13]. Their first generic ARV Zidovudine could be 
sold at 1/10th of the price of GlaxoSmithKline’s version of the drug and Cipla received 
international attention, when it began offering ARVs for $1/day in low-income coun-
tries in 2001 to the France-based nonprofit Medecins Sans Frontieres (MSF) [16]. The 
pricing was a 96% reduction from the cost of treatment in the USA. Cipla operated 
initially under the Indian Patent Act of 1970 allowing for process based patents giving 
patent rights to firms who could produce an existing drug in a new way. After joining 
the WTO, India’s patent law became WTO compliant requiring companies to follow 
WTO rules granting the patent holder of the substance exploitation rights over a 20 year 
period forcing Cipla to adjust its business and patenting practice. While the WTO does 
not allow for process patents, it grants exceptions to supply low- and medium-income 
countries with generics and CIPLA focusses on this market while at the same time 
forming strategic partnerships with global generic manufacturers.

 Approaches in Countering HIV

In response to growing pressure to supply ARVs to the poorest and most affected 
countries, MNEs use donations, licensing, and access pricing in order to lower the 
cost barrier to treatment, while international organizations have allowed for com-
pulsory licenses. Table 16.3 highlights the different approaches and their shortcom-
ings. While prices of ARVs have dropped, a considerable number of people continue 
to lack access to ARVs and the number of new infections has not gone down. This 
indicates that current price based approaches may not be sufficient to alleviate the 
problem HIV poses. Donation programs, while beneficial to patients and effective 
to an extent, are not sustainable as a long-term solution [24].

Preferential, also called differential pricing, was first introduced by UNAIDS’ 
Accelerating Access Initiative in the early 2000s. The program was a large collabo-
ration between governments, non-governmental organizations, and pharmaceutical 
firms. One of the major outcomes was a surge in “access pricing,” or reduced pric-
ing of branded drugs for sale in less developed countries (LDCs) [25]. Under pref-
erential pricing a tiered price structure offers lower prices in LMICs. The framework 
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Table 16.3 HIV responses

Donation

Who • Multinational corporations and international organizations
What • Donate ARVs to LMICs
Anticipated 
effects

• Supply of ARVs in resource scarce environments

Critique • Unsustainable and not able to fulfill demand for affordable ARVs
Preferential pricing

Who • Multinational corporations
What •  Price differential between developed (high price) and developing countries 

(low price)
Anticipated 
effects

•  Ensures revenue of firm in high price markets while increasing access and 
affordability in LMICs

Critique • Perception of exploitation in developed markets due to higher prices.
•  Fear of arbitrage opportunities and black-market trade of drugs bought in 

LMICs and sold in developed countries
Compulsory licenses

Who • World Trade Organization
What •  Allows members to issue a “compulsory license” if a license cannot be 

obtained from the right holder
• Grants LMICs right to export ARVs to LDCs
• LDCs exempt from drug patent enforcement

Anticipated 
effects

• Supply of affordable ARVs in LDCs while compensating right holder
• Development of local pharmaceutical industry
•  Generate interest in developing countries for sustainable development in 

LDCs
Critique •  Disincentivizes the development of new drugs as large research investments 

can be only recouped through strict patent enforcement
Voluntary licenses

Who • Multinational corporations
What •  Practice of extending non-exclusive licenses to manufacturers in least- 

developed countries by drug originator
Anticipated 
effects

• Ensures revenue of originator in high price markets
• Compensates originator via licensing fees in LMICs
• Non-exclusivity creates competition and reduces price

Pooled purchasing

Who • Global Fund (Non-government organization)
What • Organizes pooled purchasing to achieve economies of scale
Anticipated 
effects

• Reduces drug price

Source: Table prepared by authors based on various sources [17, 24–29]

allows firms to generate revenue from drug sales in industrialized countries while 
meeting some of the large demand for cheaper drugs in LMICs. This approach can 
inadvertently make the firm the subject of criticism from consumers in industrial-
ized markets who may believe the preferential pricing is the fair price, and the pric-
ing in industrialized nations seems exploitative of patients and healthcare systems. 
Furthermore, preferential pricing creates arbitrage as firms fear that black-market 
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pharmaceutical dealers may buy large stocks of ARVs in LMICs to later sell in 
industrialized countries.

The 1995 Agreement on Trade-Related Aspects of Intellectual Property (TRIPS) 
by the World Trade Organization (WTO) established intellectual property rules 
requiring member states to make patents available and set a framework for the mul-
tilateral enforcement of international patent rights. LDCs are exempt from TRIPS 
compliance till 2021 to incentivize technology transfer to LDCs increasing their 
competitiveness [26]. Member states were granted the right to issue a “compulsory 
license” to domestic firms seeking to use patented intellectual property of a foreign 
firm if a license could not be obtained from the right holder under certain  conditions: 
production must be for domestic consumption, unless the compulsory license was 
used to address anticompetitive behavior and the right holding firm must be paid 
reasonable royalties or remuneration for the use of its intellectual property [17]. In 
2001, TRIPS was amended allowing for exports under compulsory licensing for 
middle-income countries to supply the countries most affected by HIV and other 
diseases. WTO members extended drug patent exemption to LDCs until January 
2033, or until they cease to be identified as a LDC [27].

Proponents of compulsory licensing for LDCs argue that it encourages devel-
oped nations to have interest in long-term sustainability of LDC markets, while 
allowing the supply of pharmaceuticals and emergence of a local pharmaceutical 
industry partners [26]. Critics argue that compulsory licensing disincentivizes the 
development of new drugs as large research investments can be only recouped 
through strict patent enforcement.

Voluntary licensing takes place when an originator firm extends production rights 
of a drug to another firm, usually located in a LMICs. Firms, such as Gilead and 
GlaxoSmithKline, adopted as response to patent infringements, the practice of 
extending non-exclusive licenses to manufacturers in least-developed countries 
requiring the manufacturer to pay reasonable royalties. Voluntary licensing was 
popularized in 2003 by the Clinton Health Access Initiative, which facilitated nego-
tiations between firms to make fair price ceilings that still gave originator firms a 
sustainable profit margin [28].

Licensing agreements allow the originator firms to charge high prices in indus-
trialized markets while licensing production to multiple firms in low-income mar-
kets. The practice of non-exclusive licensing creates competition driving prices 
down supplying markets with cheap, generic ARVs. Generic producers are able to 
legally produce ARVs at a fraction of the price improving on accessibility and 
adherence. As voluntary licensing became popular, the UN-backed organization 
Medicines Patent Pool emerged connecting transparently drug originators with 
licensees.

The Global Fund to Fight AIDS, Tuberculosis, and Malaria (GFATM), an NGO 
mainly supported by government donors, created a voluntary pooled procurement 
scheme in 2009 to encourage country-level participation. Pooled procurement was 
found to have reduced the ex-works price of the generic drug Efavirenz by 16.2% 
from 2009 to 2013 [29].
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 Challenges Beyond Drug Pricing

While advances have been made in reducing price and increasing the share of HIV 
positive people on ARVs, not only do challenges remain relating to price but they 
also extend beyond the economic dimension.

 Patenting, Drug Resistance, and Adherence

While HIV treatment started out as a single drug therapy, it was discovered that combin-
ing multiple drugs in combination cocktails is highly effective. The newest HIV drug to 
date is a quadruple therapy, intended for severe cases of HIV. The drugs involved in a 
combination therapy may all be beyond patent, but a firm may still patent their combina-
tion as a novel therapy often delivered as one pill per day. Patents prevent generic pro-
ducers from being able to legally combine these drugs into one pill forcing them to 
produce multiple pills. While complex dosing schedules (multiple pills per day) increase 
non-compliance, reduced pill burden (e.g., one pill a day) is an effective way to improve 
medication adherence and reach viral suppression [30]. Furthermore, patients may 
develop drug resistance requiring the use of a new drug class or may suffer from side 
effects like nausea, anxiety, confusion, vision problems, anorexia, insomnia, taste per-
version, and abnormal fat distribution, increasing the risk of patient non-adherence [31, 
32]. Patent protection may reduce the ability of generic manufactures to produce conve-
nient delivery forms (one pill a day), or drugs avoiding side effects, influencing treat-
ment adherence, or make affordable new ARV classes unobtainable.

 Social Stigma, Prevention, and Diagnosis

With currently 1.8 million new annual infections the UN is trailing in reaching its 
goal of annually 500,000 new infections by 2020. Unsuccessful prevention increases 
the number of people who need ARVs which reinforces resource scarcity and cre-
ates challenges in meeting ARV demand, which subsequently reinforces problems 
related to drug resistance and distribution.

Prevention is a multidimensional problem directly associated with human behavior 
change. To successfully limit HIV, prevention needs to be integrated with treatment, 
medical approaches to prevention, and institutional prevention approaches. To achieve 
changes in behavior, Coates et al. suggest that education, stigma reduction, use and 
access to contraceptives, and changes in sexual behavior need to be addressed [33].

Stigma, as a result of a lack of knowledge, is a barrier to testing and thus taking 
effective steps to stop the spread of HIV. The tendency to blame infected, and the 
perception that HIV is associated with death leads to people expressing shame, 
guilt, and social disapproval to people living with HIV. People who associate a 
larger stigma with HIV express strong negative attitudes towards testing which 
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may imply that they are less likely to be tested [34]. People fearing to be stigma-
tized by their partner show much lower adherence rates hiding medication from 
discovery [35].

 Distribution of Medicine

Reaching low income patients is challenging. Access to health care for low income 
population is limited by affordability but also physical access to health care, a lack 
of financing/insurance options, unawareness, and a lack of access to information 
[36]. Successful approaches to reach low income population need to rely on distri-
bution, information, and marketing channels adequate for the intended audience and 
their realities. For example, long travel to and wait times at hospitals or pharmacies 
require patients to take a day off to pick up their drugs. This decreases treatment 
adherence as it is inconvenient and results in loss of income for a household reduc-
ing its financial capabilities further. Decentralized distribution system may be solu-
tion to reduce travel time and wait time. South Africa for example experiments with 
automated ATM-like distribution systems providing patients via ID card access to 
their prescription reducing wait times [37]. 

 Conclusions

In sum, research in HIV treatment has long focused on the pharmacological tech-
nologies that can be applied to improve patient health. Business innovation may 
prove to be a major player in ending the HIV and AIDS epidemic. Without taking a 
closer look at the strategies at play and the results they yield, we will consistently 
face the same issues of cost creating a barrier to positive health outcomes. In addi-
tion, future trade agreements and business models must take into account the way 
ARV demand may increase with the adoption of the test and treat paradigm aiming 
to supply patients directly after diagnosis with ARVs and achieve the 90-90-90 goal 
of UNAIDS. While available in developed countries like the USA, the use of ARV as 
pre-exposure prophylaxis (PrEP, a form of preventive healthcare) for people who are 
HIV negative but with ongoing risk of getting infected may be an important element 
in reducing the number of new HIV infections in developing countries and protect 
groups at risk of infection. This would require broad availability and affordability of 
suitable ARVs in developing countries. Finally, as newer, more effective, more toler-
able therapies emerge, trade regulators must reconsider the existence of other ARV 
options as justification for monopolies on the improved drugs. It is also recom-
mended that more research look into the potential positive and negative externalities 
of the current business interventions being employed in ARV delivery. There is room 
for significant growth in the quality and quantity of HIV care in least- developed 
countries. The response to HIV focuses on questions of price and technology but 
drug adherence, stigma, education, and access are dimensions important in dealing 
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with HIV. The response needs to go beyond technological innovation related to drugs 
and price and has to include new forms of partnerships, organizational forms, busi-
ness models, and education services, by companies and organizations, while being 
responsive to social and cultural context. Adopting to the local context combining 
prevention and treatment efforts while relying on local stakeholders may increase 
drug penetration, treatment adherence, and the effectiveness of prevention while at 
the same time promoting business opportunities for low income population.
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Chapter 17
Building Policies, Plans, and Cities 
to Manage Extreme Weather Events: 
Perspectives from Urban Planning 
and Landscape Architecture

Zoé Hamstead and Paul Coseo

 Urban Extreme Events

By the time the heat wave subsided in late August of 2003, France had lost an esti-
mated 15,000 people to heat-related illnesses [1, 2]. On August 12, temperatures in 
Paris approached 40 °C (104 °F) and the low that night (24 °C; 75 °F) exceeded the 
normal daytime high (22 °C; 72 °F) [3]. Since air conditioning is uncommon given 
the typically mild Parisian summers, residents had little relief from the scorching 
temperatures. If you were poor, elderly, or had other complicating health factors, 
you were at greater risk. Socially isolated elderly residents who lived in older build-
ings without private toilets and in proximity to urban heat islands were particularly 
vulnerable [2].

During the summer of 2003, atmospheric patterns shifted north, leading to a 
series of high pressure systems that dried out the air mass and displaced weather 
patterns over central Europe. That combined with the storm track further south than 
normal resulted in clear, stagnant, dry conditions. Those conditions led to a feed-
back loop through which warming led to drying and drying led to additional warm-
ing [4]. The drought intensified as part of a reinforcing drying-warming cycle akin 
to the North American Dust Bowl of the 1930s.

The cities where most Europeans reside were already drier than the countryside 
due to their very design. Monumental, masonry buildings and impervious roads of 
Paris soaked in the abundant sunshine. Those materials absorbed the sun’s energy 
and emitted it into the stagnant atmosphere, heating the city several degrees warmer 
than the surrounding French countryside. The heat wave that killed more than 
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70,000 people across Europe was driven by not only atmospheric conditions, but 
also urbanization and socio-ecological dynamics [5]. Extreme heat events quietly 
extinguish lives and livelihoods to reveal hidden inequities. As weather-related 
disasters like the 2003 European heat wave become more common and intense, 
extreme weather events are an urgent focus for our twenty-first century urban plan-
ning agenda.

Since the middle of the twentieth century, scientists have observed increases in 
warm temperature extremes, high sea level extremes, and heavy precipitation 
events. Globally, weather-related disasters have more than tripled since the 1960s 
[6]. In some parts of the world, it is estimated that human-induced climate change 
has more than doubled the probability of heat waves. A large proportion of climate 
change will not be reversible within the next 100–1000 years [7]. Even if humans 
were to completely abate greenhouse gas emissions, warming and sea level rise will 
continue. These warming trends will increase the frequency, intensity, and duration 
of heat waves and extreme precipitation events while continuing to elevate sea lev-
els, warming and acidifying oceans. Climate-induced heat waves, droughts, floods, 
cyclones, and wildfires reveal vulnerabilities in ecosystems, infrastructure, eco-
nomic systems, and human health. It is estimated that climate change-mediated heat 
exposure, diarrhea, malaria, and childhood undernutrition will cause approximately 
250,000 additional deaths per year between 2030 and 2050 [8]. Warming tempera-
tures can increase the spread of disease as reproductive rates of organisms that 
transmit infectious diseases are affected by climate variation. Malaria transmission 
has been associated with increased temperatures in parts of Kenya and Ethiopia and 
waterborne diseases have been linked to the 1997–1998 El Nino event in Peru dur-
ing which daily admissions for diarrhea more than doubled [9]. Extreme weather 
poses risk to critical food, water, energy, transportation, and healthcare infrastruc-
ture. Disruptions caused by extreme weather may exacerbate political violence and 
trigger socio-economic instability through processes such as climate migration. The 
United Nations High Commissioner for Refugees estimates that 22.5 million people 
were displaced by climate or weather-related events between 2008 and 2015, equiv-
alent to 62,000 people each day [10]. From a national security perspective, countries 
like the USA are concerned with the high potential for refugee flow due to humani-
tarian disasters in neighboring Caribbean countries, damage to national and interna-
tional military bases in coastal communities, and politically unstable regimes that 
could be further destabilized by climate change [11].

Human civilization relies upon an overlap between the rise of human intelligence 
alongside favorable and somewhat reliable climate conditions. Yet, extreme events 
across all regions are destabilizing these favorable conditions and unevenly distrib-
uting risks by placing a disproportionate burden on the poor, people of color, people 
who live in the global south, and other marginalized groups. To consider how poli-
cies, plans, and cities should manage extreme events, we need to understand how 
urban systems make extreme events worse, and how those extreme events in turn 
disrupt urban systems. We also must understand the professional systems of engi-
neers, architects, urban planners, public works professionals, meteorologists, 
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 emergency managers, public health practitioners, and others who shape planning 
and design responses to extreme weather events such as heat waves [12].

 Global Impacts

The Global Climate Risk Index developed by Germanwatch quantifies impacts of 
extreme events across countries. Between 1997 and 2016, 11,000 extreme events 
directly led to more than 524,000 deaths and losses of US$ 3.16 trillion. However, 
indirect mortality rates such as those associated with heat and cold extremes are 
more difficult to capture. Since hot and cold temperatures interact with co- 
morbidities such as cardiovascular disease, hospital admissions codes generally 
underestimate temperature-related death and illness. Heat waves can also lead to 
indirect impacts via droughts and food scarcity, particularly in African countries. Of 
the ten countries most affected by extreme events in 2016, nine were developing, 
low- or middle-income countries. Haiti, Zimbabwe, and Fiji were most affected by 
extreme events, followed by Sri Lanka, Vietnam, and India. In September of 2016, 
Haiti was struck by Hurricanes Matthew and Nicole. Hurricane Matthew killed over 
500 people, threatened food security and exacerbated cholera outbreaks. In 2016, 
Zimbabwe experienced extreme droughts and heat waves that caused agricultural 
losses, followed by a massive precipitation event that led to flooding which killed 
250 people, left several thousand people homeless, and destroyed public infrastruc-
ture such as dams and bridges. Countries most affected by extreme events between 
1997 and 2016 include Honduras, Haiti, and Myanmar (Fig. 17.1) [13].

Fig. 17.1 World map of the Global Climate Risk Index for 1997 and 2016. (Source: reproduced 
with permission from Eckstein et al. [13], Germanwatch and Munich, Re NatCatSERVICE)
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Since most people live in cities, extreme events occurring in urban systems sub-
stantially impact large populations, infrastructure, and ecosystems. By 2050, the 
proportion of people living in cities is expected to double to 70% [14]. In addition 
to this transition from rural to urban environments, also shifting is the geography of 
urbanization. Whereas current urbanization rates in the Americas and Europe are 
between 75% and 80%, less than 40% of African and Asian populations are urban. 
Urban populations in Africa and Asia are expected to increase more than 50% by 
just 2025 [15]. Following extreme events, many urban communities experience 
slow or incomplete recovery. Given urban warming trends and increased demands 
placed on infrastructure that is already insufficient to support population increases, 
urbanizing populations will be particularly vulnerable to extreme events. In addition 
to these direct impacts, urban areas will also be impacted by climate migration pat-
terns. One of the most poignant ways in which people are impacted by warming 
trends and extreme events is through displacement. In the Arctic, temperatures are 
rising at more than twice the rate of the global average, leading to violent ocean 
storms, flooding, and erosion beneath peoples’ homes [16]. The community of 
Kivalina, Alaska, USA is a barrier island that is shrinking due to sea level rise and 
storm surges. According to the United States Army Corps of Engineers, the island 
with a population of 400 will no longer be habitable in the next decade [17]. As the 
people of Kivalina and other communities compromised by climate change must 
relocate, it will largely fall on cities to host these climate refugees and manage their 
transition to new ways of life.

 Breaking Records: “Natural” Fluctuations Across Scales

Extreme weather and climate phenomena occur on the outer boundaries of normal 
temperature, precipitation, and other meteorological distributions [18]. Since 
extremes are observed in relation to all weather and climate events in a particular 
geographic context, an extreme in one region may be considered normal in another. 
Societal risks associated with extreme events are driven by weather and climate, as 
well as the biophysical urban environment which can exacerbate or ameliorate cli-
mate and weather and determine spatial patterns of risk (Fig. 17.2).

Urban planners, designers, and developers have constructed the urban built envi-
ronment based on the assumption of an unchanging atmosphere and climate system. 
The term stationarity describes this static, unchanging view of atmospheric pro-
cesses. Increasingly, scientists recognize that atmospheric processes are nonstation-
ary, describing “…a shifting mean value or a changing shape of the probability 
distribution with time.” [19] The known boundaries of our climate systems are 
based on empirical data collected only over the last 150 years, and that record is 
geographically and temporally incomplete [20]. Although incomplete, the record 
clearly indicates that the climate boundaries within which humans built industrial 
cities are rapidly shifting due to climate change.
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Extreme atmospheric events (weather and climate) are bounded and influenced 
by the limits of our earth systems. We use the term extreme weather events to 
describe short-term extreme changes in our atmosphere measured in hours and 
days, while extreme climate events relate to longer-term extreme atmospheric con-
ditions that last over months to years. Climate trends over large spatial scales also 
function on longer time scales and partially control weather phenomena at smaller 
scales. The weather you experience in your backyard is a manifestation of global 
wind patterns, regional macro dynamics, local climate influences, and the biophysi-
cal conditions of your backyard (Fig. 17.3).

 Biophysical Urban Infrastructure

When we build cities, we replace agricultural and rural landscapes with mineral- 
based materials to construct infrastructure such as buildings and roads, and we plant 
novel, non-native vegetation. Those altered urban biological and physical environ-
ments play a key role in how extreme events impact our lives. How we build, where 
we build, and for whom we build all factor into the degree, intensity and burden of 
impacts. We choose many non-native plants for our yards and parks that modify 

Fig. 17.2 The same meteorological event can result in uneven impacts for residents within adjacent 
neighborhoods because of differences in risk and vulnerabilities such as the quality of buildings and 
infrastructure. In urban systems, the impacts of extreme events are driven by how weather and cli-
mate interact with infrastructure, ecosystems and humans. (Source: Paul Coseo, YY, Brazil, 2012, 
https://yyinbrazil.wordpress.com/2012/12/01/yy-in-brazil-rio-de-janeiro-favela-rocinha-day-4/)
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native plant communities, change biological compositions and in some cases, use 
more water and nutrients. We construct buildings and roads composed of mineral- 
based engineered materials that seal soils and warm the environment. Changing 
both biology and physical environments alters the hydrological and heat energy 
budgets that influence the quality and quantity of water, heat, and wind.

The term biophysical environment describes the biological and physical compo-
sitions of urban systems. Three aspects of cities’ biophysical environment exacer-
bate extreme atmospheric events. First, impervious surfaces seal soil, which causes 
more stormwater to run-off. Materials that are 100% impervious, such as concrete 
and asphalt, completely restrict water or air from moving through the material and 
reduce the land’s natural ability to absorb stormwater and cool itself. Second, engi-
neered materials alter the albedo or reflectivity of the land surface. Cities absorb 
80–85% of incoming solar radiation, making them hotter than non-urban locations 
[21]. Finally, the design of a city’s biophysical environment is a social and political 
endeavor. Existing social inequities in decision-making, resource allocation, and 
services are manifest in the biophysical environment of our cities. These inequities 
result in uneven impacts from extreme events.

Fig. 17.3 Nested atmospheric systems. (Source: Paul Coseo)
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 Historic and Contemporary Developments

 Trend 1: The Carbon Metropolis

During industrialization of the 1800s, society adopted carbon as the main source of 
energy on which to build cities (Fig.  17.4). Human energy systems use Earth’s 
resources for survival and quality of life [22]. These energy systems have three main 
components: natural energy sources, conversions of those sources, and uses of 
energy flows. Humans transitioned from plant and animal sustenance to wood to 
water and more complex carbon-based resources (e.g., coal) for societal survival 
and quality of life [23]. At the beginning of the industrial revolution and continuing 
through modernization of cities, a variety of renewable and non-renewable energy 
sources have all vied for dominance to fuel urban and economic growth. George 
Perkins Marsh, in Man’s Responsibility for the Land, recognized the power of natu-
ral processes to fuel society.

Mechanical philosophers have suggested the possibility of accumulating and treasuring up 
for human use some of the greater natural forces, which the action of the elements puts forth 
with such astonishing energy. [24]

Fig. 17.4 Energy consumption in the U.S. since 1775 in quadrillion Btu. Led by coal and then 
petroleum, carbon-based energy became an increasingly large share of the U.S. and world’s energy 
system starting in the late 1800s. (Source: U.S. Energy Information Administration, 2009. https://
www.eia.gov/totalenergy/data/annual/archive/038409.pdf the 2009 Annual Review report from the 
U.S. Energy Information Administration. Direct Link to Data: https://www.eia.gov/totalenergy/
data/annual/index.php)
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Although a mix of energy sources fuels cities today (Fig. 17.4), the majority of 
the built environment is a direct product of, and reliant upon carbon-intensive modes 
of production. Wuebbles et al. [25] report that under higher emissions scenarios, 
annual global carbon emissions are projected to approach 30 gigatons of carbon per 
year by 2100, while projected global temperatures may range from 5.0° to 10.2 °F 
above 1901–1960 averages (Fig. 17.5). Although a warming world will likely lead 
to more extreme events, scientists are not able to attribute a particular extreme event 
at a specific location (e.g., Hurricane Katrina) to human-induced global climate 
change from natural variability of extreme events [26]. This is because we are only 
beginning to understand natural variability in higher-level (e.g., global) atmospheric 
patterns that last from several weeks to months—such as El Niño-Southern 
Oscillation (ENSO), the North Atlantic Oscillation (NAO), the Pacific Decadal 
Oscillation (PDO), and the Artic Oscillation (AO)—within which local-scale 
extreme events are nested. For instance, in 2014 and 2019, polar vortices with 
extremely cold temperatures over mid-latitudes in North America were driven by 
higher-level atmospheric patterns (a negative phase of the AO) coupled with climate 
change (unusual arctic warming). Trenberth et al. [26] suggest that rather than ask-
ing whether a particular weather event is attributable to climate change, one should 
instead ask, “… given the change in atmospheric circulation (natural global vari-
ability) that brought about the event, how did climate change alter its impacts?” 
Scientists must be able to articulate climate trends with both accuracy and urgency. 
A tendency to describe climate change in conservative, non-alarmist terms makes 
room for denial by special interests whose power and wealth depend on a carbon-
based economy.

Fig. 17.5 Projected annual global carbon emissions and projected global temperatures. (Source: 
Wuebbles et al. [25])
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 Trend 2: Industrial Material Cities

The carbon-based city caused two key changes to the frequency and intensity of 
extreme events. First, cheap carbon-based energy fueled urban-induced local cli-
mate change through conversion of unbuilt land to urban industrial produced mate-
rials, configurations, and uses. Local climate change—such as the formation of 
urban heat islands—tends to be worse in areas with high percentages of impervious 
pavements and buildings with little to no vegetation (explained more below) and 
exacerbates extreme events such as: (1) hot temperatures; (2) heavy rainfall; and (3) 
stagnant, polluted air conditions in concentrated areas. Our carbon-based economy 
compounds urban-induced warming by enabling sprawling expanses of mineral- 
based urban landscapes that exacerbate waste emissions. At the same time, carbon 
emissions cause global climate change from the same consumptive, decentralized 
auto-oriented settlement patterns of buildings and uses. Although these global 
forces will result in higher than average global temperatures, they also create 
increased variability in bioclimatic regions, warming some bioclimatic regions, 
while cooling others [27, 28]. Local and global climate change interact in compli-
cated and dynamic ways that scientists are only beginning to understand. Moreover, 
many global temperature projections are derived at a scale that does not incorporate 
the effects of urban-induced warming. Stone [29] compared urban to rural air tem-
perature trends over 50  years for the 50 largest American cities finding that, on 
average, UHIs make these urban areas 1.5 °F warmer than rural areas and this aver-
age difference is increasing at a rate of 0.14  °F per decade. Thus, UHIs in the 
U.S. are intensifying over time. The global scale at which climate change projec-
tions are often provided limits their utility by ignoring important local factors and 
underestimating warming impacts in many urban areas. However, even as we recog-
nize the limitations of global climate projections, decision-makers need to make 
informed decisions about how to mitigate weather impacts.

 Trend 3: Fail-Safe Management

Institutions that plan for and respond to extreme events often use standard operating 
procedures—rules, norms, or routines that promote efficiency. With standard oper-
ating procedures in place, institutional behavior is largely consistent and change 
tends to occur incrementally [30]. This is problematic given that extreme events are 
occurring with more frequency and unanticipated intensities. Events such as the 
heat wave that struck Europe in 2003 are sobering reminders that we underestimate 
risks posed by extreme events. As many physicians and government agents were on 
holiday during that summer and many vulnerable elderly people who lacked con-
stant medical care did not have support systems in place, institutions were unable to 
respond to people in need.
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Environmental policies have traditionally been constructed under the command- 
and- control approach, which bases regulation on current conditions and technology 
currently available to manage those conditions. This approach assumes that we can 
predict how natural and cultural systems will behave and therefore, managers can 
use science and technology to reduce environmental pollution and meet human 
needs. Yet, in reality we find that natural and cultural systems are unpredictable, and 
that technology (such as emissions control) can fail during surprise events [31]. 
When Hurricane Harvey hit Texas, USA in the fall of 2017, unusually warm waters 
in the Gulf of Mexico led to unusually heavy rainfall; on the order of 24.5 trillion 
gallons of water fell on southeast Texas and southern Louisiana [32]. Floods caused 
by heavy rainfall were worsened by impenetrable concrete land cover and lack of 
soil absorbency in the low-lying coastal plain on which Houston, Texas is built. The 
interaction between ocean warming and impervious surfaces not only damaged 
property and directly claimed lives, but also further endangered public health by 
triggering chemical discharges. As power outages, backup failures and other storm 
damage occurred at chemical plants and oil refineries, fires that released air toxins 
broke out. Oil, refined fuel and chemicals, natural gas, and hundreds of tons of other 
toxic substances were spilled across Texas [33]. Regulators and company executives 
did not anticipate the magnitude of emissions releases. State officials shut off air 
quality monitors to protect them from storm-related damage, increasing uncertainty 
about public health impacts [34]. Lacking recognition of dynamic relationships 
across our climate, landscapes, and industrial infrastructure, managers are blind- 
sided by the cascading spin-off effects of extreme events.

The risk of future climate change impacts rises with temperature. Our tendency 
to design policies, plans, and infrastructure based on average conditions is increas-
ingly ineffective in the context of climate change. Countries at all levels of develop-
ment lack preparedness for extreme events that are altering ecosystems, disrupting 
food production and water supply, damaging infrastructure and settlements, causing 
human morbidity and mortality, and impacting human well-being [7].

 Trend 4: Vulnerable Communities

Due to ways in which institutions directly and indirectly disenfranchise minority 
social groups, some communities and households have less capacity to cope with 
extreme events than others. For instance, throughout the twentieth century in the 
USA, federal housing policy created an enormous wealth gap between black and 
white households. In 1935, the Home Owners Loan Corporation (HOLC) was 
established to insure home mortgages following the banking crisis of the 1930s that 
had decreased home ownership and resulted in many foreclosures. However, this 
insurance was unavailable to racial minorities, ethnic minorities, immigrants and 
urban communities. It was the HOLC’s policy to ensure that “incompatible racial 
groups should not be permitted to live in the same communities.” [35] This policy 
was enforced through redlining maps, which delineated red boundaries around 
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communities with African Americans, immigrants, and that were located near cen-
tral business districts. The HOLC also recommended that highway construction be 
used to separate “incompatible races,” further isolating urban black neighborhoods. 
Since the middle of the last century in the U.S., home ownership has been a primar-
ily means through which middle class families generate wealth and pass on wealth 
to their children in the form of higher education investments and direct bequeath-
ment. In addition, residential property tax forms an important means through which 
communities collectively invest in local infrastructure. Housing policy not only led 
to wealth disparities (African American wealth in the U.S. is only 5% that of white 
wealth), but this wealth disparity was also compounded at the neighborhood-level 
by uneven community investments through which white children could access bet-
ter opportunities and living conditions through higher quality education and other 
public investments. Household and neighborhood-level resources can be crucial for 
resilience to extreme events. Access to air conditioning on hot days, or flood insur-
ance during storms is largely a matter of income and wealth.

Just as institutions tend to prepare for average rather than extreme conditions, 
there is also a tendency to neglect human outliers, and further marginalize people 
who are already disenfranchised members of society. Disasters are worse for low 
income communities of color. During storm events, low income communities sus-
tain more damage because they tend to be built on cheaper under-regulated land 
(Fig. 17.2) that is more flood-prone, and are more likely to lack personal transporta-
tion and other resources needed for evacuation. Adding insult to injury, marginal-
ized groups are often stigmatized during disaster relief processes. During Hurricane 
Katrina in New Orleans, Louisiana, USA, poor and African American victims were 
labeled as looters while trying to procure necessities through community support 
systems. Similar efforts in whiter, wealthier areas were characterized as “finding.” 
[36] Since recovery tends to be more difficult for low-income communities of color, 
extreme events will continue to exacerbate existing inequalities unless sensitivities 
are explicitly addressed through a social justice lens (Fig. 17.6).

 Barriers to Transformation

 Scientific Knowledge

Increasing intensities, frequencies, durations, and impacts of extreme events in cit-
ies are driven by not only greenhouse gas-related climate change, but also interac-
tions across ecosystems that govern the energy and water balance and human-driven 
processes of urbanization  (Fig. 17.6). Urbanization processes determine both the 
composition of built materials that can stymie climate moderation, as well as which 
human populations and infrastructure are in the path of these events. Although 
human and ecological systems interact with one another, they have traditionally 
been studied and managed separately. Traditional engineering practices set 
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 acceptable levels of risk for infrastructure to withstand environmental conditions 
such as rainfall, which depend on the assumption of a stationary climate [37]. These 
assumptions of predictability coupled with lack of recognition for human and cli-
mate drivers across scales has limited the extent to which scientific knowledge 
could inform environmental planning and policy.

 Politics and Legislation

In the early 1990s—just as global leaders were negotiating how to reduce green-
house gas emissions through the United Nations Framework Convention on Climate 
Change (UNFCCC)—the World Trade Organization (WTO) adopted a set of trade 
policies that undermined the UNFCCC. Enlarging distances over which goods 
travel, these trade policies increased global greenhouse gas emissions. Aggressive 
technology patents have inhibited the transfer of renewable energy technology, and 

Fig. 17.6 Climate and ecological systems. (Source: Nicole C. Little, at the request of the Editors)
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governments have been reluctant to adopt anti-pollution policy for fear of being 
sued by private industry [38]. Local governments’ ability to address climate change 
through legislation that would reduce greenhouse gas emissions is undercut by trade 
policies that favor liberal global trade.

Since the early 1990s, party activists in the USA accelerated political conflict on 
a range of issues, which more distinctly sorted individuals along party lines [39]. 
Climate change is one of the issues that has become highly politicized. A study of 
Gallup Polls between 2001 and 2010 found that liberals and Democrats are more 
likely to believe the scientific consensus on global warming than are conservatives 
and Republicans [40]. Thus, national-level support for climate legislation may 
depend on which party is in leadership.

 Recognition and Procedural Injustice

Increasing intensity and duration of weather events will fundamentally change 
human society as a whole. But the poor, people of color, and people living in the 
global south will be disproportionately impacted. In modern history, institutions 
have oppressed racial and ethnic minorities, women, the poor, people who do not 
identify with gender binaries or heteronormative roles, and people living in the 
global south. Ecofeminist scholars argue that constructs such as nature, culture, 
reason, and humanity are the very vehicles of oppression [41]. For instance, Western 
culture conflated women/nature in opposition to men/reason. Casting nature and 
reason as opposites creates cultural opposition between men and women. Critical 
environmental justice scholars argue that oppressed people are treated as expend-
able to our collective future [42]. White supremacy regimes attempt to marginalize 
non-White populations, as human dominionism claims human supremacy over 
other species, ecosystems, and Earth systems. The divisive nature of identity-based 
associations affects norms and policies that govern our relationship with nature and 
with each other.

Climate-driven extreme events are threat multipliers that compound existing 
injustices and power imbalances. Uneven impacts of extreme events are as much 
about environmental injustice as they are about unfair institutions of housing, trans-
portation systems, and economic development. In Gulf region states of the USA 
affected by Hurricane Katrina, women and women of color were the most likely to 
lack access to health insurance, experience disproportionately high rates of poverty 
and engage in low-wage work despite high work participation rates. Jones and 
Hartman [43] argue that women of color and elderly women were “abandoned 
before the storms” and thus experienced particularly great difficulty relocating and 
recovering in their wake. Institutions of governance and industry both play key roles 
in exacerbating existing inequalities at all geographic scales—from global to 
national and local levels. Although democratic decision-making processes offer 
opportunities to identify solutions for protecting people who are most at risk, all 
existing democratic nations engage in various forms of representative democracy in 
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which elected representatives—rather than all citizens—make decisions. Thus, 
decision-making processes tend to be democratically weak at best and authoritative 
at worst.

 Integrative and Ethical Approaches

 Urban Resilience

Scientific efforts over the last decades have begun to address the complex nature of 
extreme events. Urban ecologists strive to understand how both human and ecologi-
cal processes work together to create more or less resilient urban systems [44–46]. 
This systems perspective provides a way to consider how humans, infrastructure, 
and ecosystems all interact with each other at multiple scales and in often complex 
and surprising ways. The resilience of urban systems—their ability to maintain 
essential functions—is tested during times of social or ecological disturbance. 
Resilience defines how much a system can change before losing its ability to recover. 
Adaptability is the capacity of actors to influence a system’s resilience, by enabling 
a system to recover more successfully or by preventing a level of change under 
which it would not be able to recover [47]. Adaptive governance is an approach by 
which resource management strategies are seen as experiments that test how man-
agers can best deliver services in the face of imperfect information about how our 
social, economic, infrastructure, and ecological systems will respond during distur-
bances such as extreme events [48]. Command-and-control strategies—which have 
dominated contemporary natural resource management—aim to control the vari-
ability of resources such as coastal fishery or agricultural yields [49]. These 
approaches do not work well in times of crisis because they are optimized for every-
day occurrences rather than extreme events. For instance, engineered stormwater 
systems in which streams have been buried in underground tunnels and which 
largely rely on grey infrastructure to control flooding may function well in the con-
text of a stationary climate, as they are designed to handle rain events with particular 
occurrence probabilities and levels. However, when the return period becomes more 
frequent and rain event levels increase under non-stationary conditions, the system 
may fail. Adaptive governance recognizes that the behavior of social-ecological sys-
tems is not entirely predictable, and therefore one-size-fits all approaches which 
limit redundancy are less resilient to change [50]. It centers around monitoring as a 
way for managers to incorporate system feedback into maintenance and to inform 
future design. For instance, the performance of a variety of green infrastructure 
projects such as raingardens, bioswales, and rooftop gardens could be tested under 
conditions of different rain events through a quasi-scientific process [51].

Transportation and critical infrastructure are often developed as “fail-safe” sys-
tems designed to withstand known threats. In an world of increasingly unknown 
threats, Ahern suggests that we instead design systems using a “safe-to-fail” 
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approach, according to principles of redundancy, diversity, connectivity, and adap-
tive planning and design [31]. Redundancy and diversity are ways of providing 
“backup” systems that perform the same function, but are not reliant on the same 
support structure and thus spread risks across time and space. Connectivity supports 
functionality at multiple scales. Experimental approaches that pilot responsible 
safe-to-fail design experiments enable managers to “learn-by-doing,” and adapt 
management strategies with changing conditions over time.

 Earth Ethics and Social Movements

The largest climate march in history occurred in New York City in 2014, galvaniz-
ing over 1500 environmental justice organizations. An estimated 311,000 people 
marched in New York, and spurred thousands more to march worldwide. The stag-
ing area, located in a blocked off area of Central Park West between 59th and 86th 
streets, was divided into six sections: (1) Frontlines of Crisis, Forefront of Change; 
(2) We can Build the Future; (3) We Have Solutions; (4) We Know Who is 
Responsible; (5) The Debate is Over; and (6) To Change Everything, We Need 
Everyone. The title of the sixth group was part of a message in The Guardian earlier 
that month by a group of non-governmental organizations that included Avaaz, 38 
Degrees, Greenpeace UK, and Oxfam. “From New  York and London to Paris, 
Berlin, Delhi and Melbourne we’ll demonstrate demand for an economy that works 
for people and the planet; a world safe from the ravages of climate change; a world 
with good jobs, clean air and water, and healthy communities. There is only one 
ingredient that is required: to change everything, we need everyone.” [52]

Climate scholars and activists argue that although many of our legal and gover-
nance structures treat future generations, marginalized peoples, and natural systems 
as expendable, the well-being of all people, species, and ecosystems are actually 
critical to our collective existence [42]. Injustice to nature comes about through 
disrespect and status injuries; through extractive industries, humans dominate 
nature, render it politically invisible and disparage the natural world [53]. Our 
Children’s Trust is a legal team representing a group of youth who filed suit against 
the United States federal government for intergenerational injustice. The group 
claims that the federal government has not taken sufficient action to protect the 
nation’s youth and future generations against climate change. In addition to legal 
action, climate protests are another means by which activists aim to motivate cli-
mate action. Drawing on civil rights movement-era civil disobedience strategies, 
notable activist-scholars including Bill McKibben (co-founder of 350.org) and cli-
matologist James Hansen (former director of the NASA Goddard Space Institute) 
have been arrested during protests such as that of the Keystone-XL pipeline. Just as 
the civil rights movement of the 1960s brought national attention to racial inequali-
ties, climate justice legal battles and political protests are drawing attention to inter-
generational and ecological injustice on the world stage.
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 Collaborative Management Across Disciplines

In addition to addressing climate change and adaptation at global and national levels 
through social movements and legal means, vision-oriented planning processes at 
the local level can directly engage those who are most impacted. Collaborative cli-
mate planning approaches bring together a range of citizens, scientists, and profes-
sionals to integrate knowledge about environmental planning and design (green 
infrastructure, energy policy); health (determinants of health-related outcomes); 
emergency management (protocols for reaching most vulnerable); ecological sci-
ences and engineered infrastructure managers. Climatologists and other scientists 
contribute knowledge for setting benchmarks for pollution reduction. Engineers 
evaluate and design strategies for guarding against impacts on critical infrastruc-
ture. Planners and designers can address ways in which our built environment miti-
gates climate change and urban warming. Emergency responders develop protocols 
for responding to critical human health needs when other systems fail.

Given that urban areas have significant impact on extreme events at local scales, 
and that urban populations are most impacted by these events, collaborative plan-
ning processes hold important potential for mitigating and adapting to climate 
extremes at the urban scale. By integrating knowledge from multiple scientific 
domains (Table 17.1) and recognizing critical knowledge and experiences of those 
who are most vulnerable to extreme events, local-level planning can enable urban 
communities to transition to a more resilient and equitable future.

Table 17.1 Professional knowledge domains for management of extreme events in the USA

Area of 
expertise

Primary 
jurisdiction level Profession Arena

Science Federal, state Climatologists Weather forecast and prediction
Federal, state Ecologists Ecosystem health and restoration
Federal, state Biologists Wildlife management

Planning and 
design

City Architect Building infrastructure planning, 
design, and management

City Landscape architect Green infrastructure planning, 
design, and management

City Urban planner Urban infrastructure planning 
(includes ecosystems, technological 
infrastructure, and social 
institutions)

Federal, state, 
county, city

Engineer Technological infrastructure 
planning, design, and management

(continued)
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Table 17.1 (continued)

Area of 
expertise

Primary 
jurisdiction level Profession Arena

Business and 
finance

City Real estate developer Neighborhood economic 
development

State, city Land use lawyers Land use regulation navigation and 
creation

Global, federal, 
state, city

Financier Urban infrastructure investment

Global, federal, 
state, city

Insurance agents Risk assessment and management

Advocacy Global, federal, 
state, county, city

Conservancies Green infrastructure conservation, 
care, and advocacy

Global, federal, 
state, county, City

Non-profits Varies by focus---protection, care, 
and advocacy for interests of the 
organization

Governance City City councils Urban policy creation and 
accountability

City Mayor/city manager Urban policy creation and 
accountability

Metropolitan 
region, counties

Regional planning 
associations

Regional policy creation and 
management

Federal, state, 
county, city

Representatives Urban policy creation and 
accountability

Neighborhood Home owners’ 
association (HOA) 
boards

Neighborhood policy creation and 
accountability

Emergency 
response

City Police and fire Human protection, health, and 
safety

Global, federal, 
state, county, city

Public health Human health, safety, and disease 
prevention

County, city Health care systems Human health, safety, and disease 
treatment

Social 
services

County, city Social workers Human health, dignity, safety, and 
Well-being

County, city, 
neighborhood

Religious 
organizations

Human spirituality and Well-being
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Voice from the Field: Kizzy Charles-Guzman

1.  Describe your position at the New York City Mayor’s Office of Recovery 
and Resiliency, and one or more initiatives that you have undertaken to 
protect city residents from extreme climate and weather events.

I am a Deputy Director, leading the social resiliency team at the NYC Mayor’s 
Office of Resiliency. We develop policies and programs that protect New York 
City communities against climate change impacts. These initiatives are rooted 
in our philosophy that residents, community-based organizations, and small 
businesses are the fabric of our neighborhoods. My team supports and brings 
capacity to these institutions through multi-agency initiatives that improve the 
physical environment, foster social cohesion, and strengthen their services 
and ability to conduct neighborhood-level emergency and climate prepared-
ness planning. For example, we promote climate-smart adaptation measures 
for community organizations and small businesses that minimize the risk of 
lasting service disruptions in our communities. Lastly, we developed and are 
working to implement Cool Neighborhoods NYC, the City’s first heat resil-
iency strategy. This plan is informed by health and climate data to achieve 
climate equity goals, focusing on historically underserved communities and 
at-risk populations.

2.  In your view, what are the major barriers that New York City faces in 
managing extreme heat and other climate-related threats?

Heat is often referred to as a silent killer because heat-related deaths and ill-
nesses occur behind closed doors and often don’t receive much media atten-
tion. Our work also shows that even when the media reports on heat waves 
and extreme heat days, the focus of their messaging is misplaced. Most images 
that are used on TV and other media show people cooling down at beaches, 
and emphasize risks from outdoor activity, like jogging or working outdoors, 
instead of the much greater risk that older adults confined in unair-condi-
tioned homes endure. So, people who are at risk and who should take action 
to protect themselves or their loved ones might see the news, not see them-
selves represented, and then take no protective actions to stay cool. We are 
working to educate health and weather reporters on the types of messages and 
images that can help at-risk New Yorkers to stay safe.

Another challenge in NYC is that our communities include people from 
many countries and cities that are much warmer. Many people don’t like the 
feel of air conditioning or have concerns about the cost of energy bills. We 
emphasize that getting to an air-conditioned place such as a library, a cooling 
center, or someone else’s home can save lives. We also emphasize that an AC 
unit can be set at 78 degrees, which is a way of staying safe while not running 
up the energy bill. Finally, many people don’t perceive themselves to be at 
risk if they don’t also know that certain conditions may lead to heat illness 
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and heat death, such as taking certain medications, abusing drugs or alcohol, 
or having diabetes, cardiovascular, or respiratory disease. So, we have to work 
hard to ensure that we’re reaching people in their languages and that we are 
disseminating information inclusively via their trusted messengers and the 
media channels they access day-to-day.

3.  What lessons have you gleaned from your experience that could inform 
other communities’ efforts to protect people against the impacts of cli-
mate-related threats?

Resiliency starts with preparation and the literature is clear that communities 
with stronger “social capital” and “social cohesion” recover faster from disas-
ters. So, it is critical for communities to work on increasing civic engagement 
and volunteerism and for their leaders to support and build the capacity of 
community-based organizations. Residents and organizations are usually first 
on the scene in a disaster, remain long after official services have ended, and 
often play vital roles in helping those affected to respond and recover. This 
idea is to build relationships with neighbors, feel invested in your community, 
receive proper training during “blue skies” and not during times of emer-
gency, and having adequate, if not excellent, neighborhood gathering and 
resource centers.

Second, it is important to expand the participation of “trusted messengers,” 
including health professionals, weather reporters, health services providers, 
home health aides, and faith-based groups in emergency preparedness plan-
ning and climate resiliency efforts. This is particularly important in communi-
ties that have low trust in government and who will rely on their existing 
networks and local leaders to endure climate-related threats.

Finally, the main lesson is to convey that climate-related threats aren’t 
expected to happen in the future. Instead, we’re all facing those risks now. 
Local-level impact information is critical to encouraging people to be prepared 
and a key action to protect people is to ensure that we’re checking on each 
other during warm weather. Practicing safety checks and building community 
during heat waves—which occur consistently every summer—are habit form-
ing! If a community then faces a different disaster, many can already have a 
habit of checking on or helping at risk, or isolated neighbors.

4.  What educational and training experiences best prepared you for your 
job? What do you wish you had learned during your training that would 
have prepared you to better address extreme climate events? What advice 
would you give to students who are eager to make a contribution to this 
field?

I have spent well over a decade working to ensure that social, public health, 
and environmental justice priorities are integrated into climate adaptation 
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plans and environmental policies in NYC and I intentionally work at the inter-
section of my passion and abilities. I have a BA in Geology from Carleton 
College, and a Master of Science in Natural Resources Policy and Management 
from the University of Michigan at Ann Arbor. In both instances, I sought out 
minors, concentrations, or tracks that focused on environmental health and 
racial disparities in the distribution of environmental benefits and burdens. 
My calling is to enhance environmental quality while redressing those dis-
parities. This also meant being OK with seeking elective courses outside of 
my departments and graduating with more credits than required for my 
degrees. Not only is this a good use of your time in academia, but it is also 
critical to developing a fuller picture of environmental and climate issues, 
which are inherently inter-disciplinary, multi-faceted, and cross-sectoral. I 
also completed several leadership development, negotiation skills, manage-
ment training, and environmental fellowship programs which also built my 
capacity as a sustainability leader and as a manager.

My advice to students who are eager to make a contribution to this field is 
to focus on learning rather than on grades. I have never hired someone based 
on their GPA. Read. Go to community meetings. Lend your skills. Don’t do 
science for science’s sake. Don’t get indebted over a professional degree that 
doesn’t stir your passion. Don’t spend your entire career behind a computer 
planning for communities. Do place-based work.

We need people who can think clearly, take data-driven approaches, incor-
porate health and equity into environmental and climate policy, and develop 
science for the public’s interest. Exposure to environmental pollution, hous-
ing conditions, rising temperatures, and other climate risks disproportionately 
affects people that also face economic inequality, housing pressures, and lim-
ited access to neighborhood resources such as open space or healthy food 
options. People from any discipline can, and must, become activists to address 
the rapid deterioration of our natural resources and improve global health.
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Chapter 18
Alternative Housing Delivery for Slum 
Upgrades: Perspectives from Architecture, 
Engineering, and Non-governmental 
Organizations

Sheela Patel, Young Seop Lee, Jin Young Song, and Greg Sloditskie

 Introduction

Influencing physical, mental, and social well-being, our home’s physical character 
is one of the most critical elements of our lives. Extensive research has proven the 
dramatic impact of poor living environments on health [1–3]. Informal settlements, 
therefore, must be one of the most extreme examples exposing the critical influence 
of architecture on health. Such poor living conditions are increasing worldwide, 
despite record levels of global wealth, advances in architecture and construction 
technologies, and urban development. According to UN Habitat, one in eight people 
(about 1 billion) currently live in slums [4]. There are significant health and safety 
problems in these living environments due to lack of safe housing and proper public 
services. For example, in Dharavi, Mumbai, most of the 100 sq. feet slum houses do 
not have sanitation and water facilities. Many community toilets are suffering with 
lack of water supply, electricity, and basic safety such as proper doors.
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Dharavi is one of the largest slums in Asia and suffers from inadequate access 
to safe water, sanitation and other infrastructures, insecure structure of housing, 
and over-crowding. Efforts to improve these conditions have been inefficient due 
to conventional top down development practices which rely on commercial devel-
opment with tall housing without substantial demographic, socio-economic data, 
 ownership, and physical surveys [5]. Lack of proper local information results in 
inadequate consideration of rehousing and resettlement of current slum residents. 
In many ongoing cases, redevelopment of informal settlements bears significant 
socio- economic costs during multiple years of construction processes due to mass 
evictions, relocation, and effectively, the erasure of communities and micro-cul-
tures. However, we should note that slums develop over long periods of time with 
diverse communities and cultures rather than being a result of a quickly formed 
temporary settlement. Top down development without considering the dwellers’ 
ongoing lives not only counters fundamental human rights, but also negatively 
impacts the rest of the city which is organically connected by industry, employ-
ment, and culture. However, a bottom up strategy, focusing on individual projects 
and gradual improvement based on slum dwellers’ needs, is outpaced by rapidly 
increasing slum populations. Lack of government funding and private investment 
exacerbate this problem.

Responding to this challenge, we suggest that architects, engineers, and urban 
planners consider a slum upgrade with an incremental prefabricated delivery 
model to upgrade informal settlements (Fig.  18.1). Aiming for the wellness of the 
inhabitants, architecture can work within existing urban frameworks where slum 
residents can maintain their dynamic urban activities while promoting larger eco-
nomic development. Due to advances in digital tools, manufacturing technology, 
and the standardization of components, prefabricated modules and components 
have become common in many countries. This chapter explores the design of a 
prefabricated building system that could be easily constructed by low-skilled 
workers in a factory located close to an informal settlement. This approach allows 
for participatory urban upgrades with reduced costs, construction time, and dis-
ruption. It also provides new jobs and training for the residents of the informal 
settlements.

Sheela Patel discusses the nature of problems regarding the housing in 
Mumbai based on her valuable experiences in Dharavi and elsewhere. Youngseop 
Lee describes the core benefit of prefabrication in architecture and how it can 
change the construction industry by making low cost, well designed buildings 
possible. Jin Young Song and Greg Sloditskie will describe a theoretical supply 
chain that leverages a Mumbai factory to radically change the upgrade process.
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Fig. 18.1 Conceptual framework outlining the conventional method of slum housing development 
compared to the proposed incremental prefabrication method of slim development. (Source: Jin 
Young Song)
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 Toward a New Paradigm of Slum Upgrade in India 
and Elsewhere

Sheela Patel

 Dharavi, Mumbai, India

Mumbai, India is a city created from a colonizer’s global trade aspiration. The city 
developed around a natural harbor that was much needed by the British colonists for 
trading. A city grew around it in the early 1880s, and a municipality was created 
along the same framework set by English cities like London and Manchester. The 
land was a group of seven marshy islands inhabited by native fisher folk. Labor was 
drawn to the city from nearby hinterlands and a business community from Surat, 
now in Gujarat, who built ships, traded various goods, and served the colonists. The 
labor crews worked on docks, in textile mills, and were housed in tenements. Many 
more people came to work informal labor, servicing the city and living informally. 
Whenever the city needed to grow, these laborers were pushed outward—some-
times without explanation, and at other times with the colonists justifying it by 
“wanting to beautify the public spaces.”

Over time, as the city grew northward, informal households working and living 
in dock areas in various places around the island city were pushed to communities 
outside of the city boundary, and marshy lands were claimed informally. In parallel, 
the formal city was reclaiming land and filling the spaces between the islands to 
form what is now known as the island city of Mumbai. Currently, 70% of the formal 
houses in the city are one room tenements—the houses historically constructed for 
textile mill workers. Since these homes are not enough to house the migrated work-
ers, large townships such as Dharavi emerged through either the eviction, pushing 
people outside the city boundary, or ongoing migration through kinship groups.

 Origins of the Settlements and Its Location Over the Years 
in the City

Until 1956, Dharavi was outside the city limits and comprised of self-built, self- 
regulated informal “nagars” or neighborhoods which the city ignored. These neigh-
borhoods had no toilets, amenities, or drinking water—even though the main water 
supply from lakes went directly through the township. One hardly needs statistics to 
tell the story of health concerns of the informal habitats in the city. This was further 
exacerbated by the fact that, in a period of prohibition in the 1960s, illegal produc-
tion of liquor and the curing of leather permeated dangerous chemical into soil, 
which then contaminated drinking water in the bored wells dug by residents.
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It was only in the late 1970s that the state government of Maharashtra and the 
city of Mumbai focused on Dharavi albeit for the wrong reasons. In the absence of 
any formal governance in dealing with informal areas, informal governance man-
aged all businesses in Dharavi. Attempting to clamp down on the sale of illicit liquor 
and other illegal activities was impossible, as police could never enter and locate the 
miscreants. The huts, densely built with narrow pathways, and a community fearful 
of police meant that the law and order situation just kept getting worse.

Apart from this challenge, the city had grown around Dharavi to over 500 hect-
ares of land. Interestingly, it was only through Dharavi that the eastern and western 
extension of the city could be accessed via roads and railways. So a road was built 
through Dharavi, demolishing a large number of houses and cutting Dharavi for the 
city traffic to pass though the neighborhoods.

 Dharavi Redevelopment Strategies by the State Fail Time 
and Time Again

In India as elsewhere in the world, informal settlements grow out of an inability for 
the state to effectively use planning instruments to embrace the migration of people 
into cities. Poor, unskilled, and/or asset-less people often come to find work in the 
city, but cannot find neighborhoods to stay in. Therefore, they build their own homes 
incrementally—collectively, neighborhoods were produced. City planning frame-
works set up by the British colonists in the late 1800s, often modeled after their own 
cities, remain exclusionary even after many years of independence. State interven-
tions in these neighborhoods come with vertical, top down developed solutions that 
come too late—solutions whose frameworks are clearly unviable—all in the name 
to improve the lives, health and well-being of communities and fail time and time 
again without even understanding the reality on the ground of increased densifica-
tion and worsening habitat indicators. Even more challenging is the fact that most 
of the attempts would gentrify the neighborhoods and expel residents.

Dharavi has had several such interventions: In each instance, the policy was 
announced and plans made by the state with huge publicity only to fritter away the 
opportunity to improve the well-being of residents due to an inability of the state to 
involve residents’ associations and listen to what people wanted.

 The PMGP (The Prime Minister’s Grant Project) Project 1985

In 1985 the prime minister of India gave 100 crores, a substantial investment at that 
time, to Mumbai for its improvement to celebrate the 100 years of the Congress 
Party’s inception in the city, which had won India its independence. He sought to 
give a portion of the award, 35 crores, to Dharavi to demonstrate the party’s com-
mitment to the urban poor. The state government set up a department in its housing 
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authority to provide special assistance to Dharavi and other neighborhoods. The 
project proposed, assumed that there were 50,000 huts or structures of which 15,000 
would have to be removed to make Dharavi habitable. The residents of Dharavi cre-
ated two of their organizations with the help of NSDF (National Slum Dwellers 
Federation) and undertook surveys to demonstrate who lives where and seeks iden-
tity and voice for their demands. Their survey identified over 80,000 structures 
which housed over 120,000 households and innumerable informal businesses in 
contrast to the state surveys. Out of that activism arose two organizations represent-
ing this challenge. One was Dharavi Vikas Sammittee, a residents’ network, and the 
other was the committee of business in Dharavi which provided employment to 
more than two thirds of the residents and were linked to the city’s food, clothing, 
and manufacturing industries.

While some critical infrastructure was provided—roads were widened and some 
housing stock developed—the plan underestimated the number of households who 
lived there, did not take into consideration the huge informal businesses that were 
based in Dharavi, and despite taking the bold step to treat Dharavi as a special plan-
ning area, did little to explore ways to develop planning norms that worked for the 
residents. Its main claim to fame was that it removed the leather curing activities 
and relocated this outside the city, thus reducing the toxins from chemicals that 
impacted the ground water.

 The Dharavi Redevelopment Plan 2004–2014

In the next intervention, the government of Maharashtra was recommended by a 
consultant to redevelop Dharavi through invitation of international real estate agen-
cies who would pay the state for value of land and build free tenements (250 sq. feet 
per residents), which would be multi-storied and create additional housing and com-
mercial hubs to cover their developmental costs. This has been a long and contested 
activity which the residents of Dharavi opposed. In 2014, the city concluded on this 
possibility, continuing to tweak it in different ways without making much headway. 
In the meanwhile, Dharavi continues to densify, and the possibilities of solutions 
become even more improbable.

 Searching for Sustainable Solutions for the Informal City

Today, Dharavi is no longer the largest slum in Mumbai, or India, or even Asia for 
that matter. Census data indicates that over 60% of the over 12 million people living 
in Mumbai’s slums, the informal habitats of the island city, have been reduced. This 
was done through evictions initially, and through relocation more recently—
although many pockets of informal dwellers still cling to their locations. However, 
most of the informal habitats are in both eastern and western suburbs of the city, and 
this majority of population inhabits only 8% of the land in the city. Access to water 
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sanitation and electricity is still very low, and the quality of life in informality 
remains very poor in general.

The Mumbai metropolitan region now has 12 municipalities that have very large 
informal settlements facing various challenges. Due to the delays in redevelopment 
and intensified growth in the city, the densification went over the limit of horizontal 
expansion. People began to grow vertically, building two or three floors on top of 
the existing structures. So what can be done in a situation where ongoing delays 
allow for further densification, and growing populations have no other choice but to 
grow vertically? How can the production of these unsafe structures, built precari-
ously on existing habitats, be avoided?

In Dharavi, there has been a lack of meaningful or effective interventions to pro-
vide even basic infrastructure if nothing else, to these households. This is not unlike 
many towns within cities that grow organically (and often illegally) right under the 
eyes of the municipal and provincial administration. The provision of basic ameni-
ties remains the most cost effective investment. Paradoxically, when the neighbor-
hoods become recognized as vote banks, and some basic infrastructure is attempted 
to appease the settlements, it is the very dense habitat itself which makes the invest-
ment of laying out water pipes, sewerage, and drainage systems impossible without 
demolishing many of the existing houses. And so, the viscous cycle continues with 
no real solution in sight.

How can such retrofitting of basic services be done? Can the mistakes of delay-
ing investments inform to produce a better response from the city, to serve more 
recently emerging informal settlements? Given that almost all housing stock is built 
informally by the residents, how can we produce a response from the construction 
industry that can provide better incremental upgrading possibilities that are safer 
and cost effective for the residents?

 Prefab Now/Prefab Future

Young Seop Lee

A building is a unique type of man-made product. Due to its size, transporting a 
building as a completed product imposes many challenges, and often times, is not 
feasible. Therefore, we tend to construct buildings on a site. This very nature of 
constructing on a site causes many inefficiencies in cost, time, and materials that are 
not common in other manufacturing industries. For example, all building materials 
and personnels have to be transported to a construction site which can be in a 
remote area or a dense urban area which causes many logistic problems. It also cre-
ates high risks such as hundreds of construction workers having to access and work 
on non-enclosed high-rise floors. These are some of the reasons that the construc-
tion industry is struggling to match the growth of other manufacturing industries 
like auto and aerospace with their highly automated efficiency. However, the recent 
development of prefab construction is opening an alternative way to improve this 
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centuries-old building construction method by merging construction and benefits of 
manufacturing. Prefab construction is an off-site construction that manufactures a 
building in a factory by building various elements or an entire building divided in 
deliverable modules, which can then be transported to a construction site to install. 
Although this type of construction has been practiced to some degree historically, 
recent technical developments and innovations are fueling a global rise of prefab 
construction as a prominent alternative construction method with promise of faster, 
better, cheaper, and greener solution to tackle major challenges our society faces 
today like shortage of affordable housings in many fast urbanizing cities around 
the world.

 Prefab construction creates its own unique challenges that limit its applicability 
project by project and per building types. This led to the development of various 
types of prefab construction with varying degrees of prefabrication. Currently, there 
are three types of widely used prefab construction. The first is called modular con-
struction, which constructs the entire building in deliverable modules that are trans-
ported and assembled on a construction site. The modules can be delivered at 
a  60–90% completed stage  with mechanical, electrical, and plumbing, and even 
furniture, fixtures and interior finish installed in the factory. The second type is 
called pod construction which has only labor and cost intensive portions of a build-
ing like a kitchen, restroom, and hospital room headwalls built in a factory. Delivered 
pods will be crane-lifted and anchored on an already site-built building floor slabs. 
The last type is called panelized construction which mass produces building com-
ponents in a factory that will be shipped and assembled on the site. For an efficient 
assembly on-site, each panelized system is fully engineered with all joints and con-
nections to minimize installation time and labor and to shorten construction 
sequence and time. However, compared to modular or pod construction, panelized 
construction requires more on-site labor and time for assembling smaller panelized 
pieces and defeats some of prefab construction’s advantages.

To justify the threshold for prefab construction cost to be competitive compared 
to the on-site construction, a general rule of thumb is to construct a building type 
and program with a large number of repetitive modules like residential or educa-
tional buildings rather than arts and cultural buildings that are more custom-designed 
and has less repetitive modules. Therefore, prefab construction is becoming a suit-
able solution to mass residential developments in many urbanized cities in the world 
with huge housing shortages due to mass migrations and skyrocketing housing 
prices. The prefab construction industry is expanding and growing fast due to this 
global mass housing needs, primarily because of its fast construction schedule and 
more economic construction costs compared to the traditional site-build construc-
tion. Prefab construction reduces overall construction time as  its simultaneous 
multi-lateral construction progresses in multi-locations  while the site-build con-
struction is limited with its single linear construction progress. Up to 40–50% time 
savings are possible by manufacturing modules off-site while site-development and 
foundation work are undergoing at a site. This time saving is one of the key advan-
tages prefab construction offers. Fast project completion provides a faster return on 
investment and lowers hard and soft development costs like construction overheads 
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and insurance. Another advantage of prefab construction is that it produces higher 
quality and more controlled craft  than on-site construction by constructing in a fac-
tory, which offers optimally designed environment and a system like lean manufac-
turing. For example, air and waterproofing of a building are two of the most 
challenging areas in construction that can cause huge issues after the completion. 
Those issues can be minimized in higher quality control and quality assurance in 
prefab construction with tighter tolerance in a controlled factory environment. Job 
site accidents are also reduced in a factory as it is designed and equipped with a 
safer environment and system.

In addition, prefab construction offers significant environmental benefits. Even 
though prefab construction might be seen as adding more energy for transportation 
from factory to the site, prefab construction is generally much more environmen-
tally friendly and energy saving than on-site construction. There are several 
researches done on the prefab construction life cycle analysis. Most research has 
found that prefab construction uses much less energy and generates much fewer 
pollutants. One key reason is that construction time is much shorter than on-site 
construction. It reduces energy uses and environmental impacts in all categories. 
Moreover, constructing most portion of the building in a factory minimizes material 
waste, site disturbance, noise to neighbors, traffic, and staging that can cause huge 
challenges and cost if a site is in a dense urban neighborhood or a specially chal-
lenged site like hillside sites. Many prefab constructed projects earn high LEED 
rating, which is a U.S.  Government Building Committee’s internationally used 
environmental protecting and energy efficiency rating. Prefab buildings usually gain 
better ratings in sustainable sites, water efficiency, and innovation in design 
categories.

Innovative use of prefab construction has also been developed due to prefab con-
struction’s restrictions and limitations like transportable size. Previously, it was not 
feasible to use prefab construction for some types of building programs like an 
auditorium or a banquet hall, which require a long-span column-free space or high 
ceiling heights. A “hybrid” of prefab/off-site and on-site constructions has been 
developed which builds a custom portion of a building on-site and completes with 
installing repetitive modules later. It is necessary that we consider prefab construc-
tion not as a finished solution but consider to use with creativity and innovations to 
maximize its potential for each project. It is also recommended to move away from 
the  conventional linear building-design and construction process to a more inte-
grated process between architect, manufacturer, owner and contractor. Recent 
development in Building Information Modeling (BIM) designing, clouding, and 
other technologies accelerate this paradigm shift by linking and integrating design, 
procurement, manufacturing, and assembling.

Today, we are seeing innovative prefab construction widely used against global 
challenges our society faces. The New York City is promoting prefab construction 
as a solution to the city’s housing shortage by hosting many prefab programs and 
constructions. Many school districts in the US are investigating to improve current 
cheap and utilitarian mobile classrooms by building prefab constructed schools as 
they cannot provide permanent schools to match fast growing and changing 
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 demography. Some global hotel chains have been developing their hotel designs 
around the world on a modular design for their projects around the world. Globally 
manufactured and shipped, quality and design assured hotels can be assembled any-
where in the world. Prefab provides more controlled quality and branded hotel 
experiences to its hotel guests throughout the world, including remote/ under-devel-
oped countries where no-trained vendors are available. Canadian Olympic 
Committee has also implemented prefab construction to reuse its modular buildings 
for the 2010 Vancouver Winter Olympic Village for staffs and volunteers. After the 
Vancouver Winter Olympic, the modular buildings were disassembled and shipped 
to six different cities in the British Columbia and re-configured into new communal 
and residential buildings. It was an innovative solution to the growing criticism for 
mega sports events like Olympic or FIFA world-cup, for which hosting cities had 
developments that wasted billions of dollars after the games.

Briefly reviewing global market development, it is considered that European 
countries like England, Germany and Japan have the most developed prefab con-
struction market. For example, the prefab construction industry in Japan is very 
mature. Its mass-producing factories are served with robotic and automated manu-
facturing, and about 12.9% of the entire single-family houses in Japan in 2013 were 
constructed by prefab construction. East Asia including China have fast-growing 
prefab construction markets recently due to its shortage of housing due to exploding 
growth and urbanizations in their mega cities. Malaysia, Singapore, and South Korea 
have government supported or even government led prefab construction markets. In 
China, for example, the Broad Group has developed and is leading the panelized type 
of prefab construction. They are known for completing a high-rise hotel tower in 
just 15 days. Also, CIMC in China, the largest shipping container manufacturer in 
the world, is expanding its manufacturing and logistic capabilities into a modular 
type of prefab construction and serving global markets by exporting custom design-
able modules in shipping container sizes from its factories in Southern China.

Prefab construction is bringing a paradigm shift toward the future of construc-
tion. Prefab construction is still in the developing stage, and it is rather an open 
platform where many new ideas and innovations can be tested and used creatively. 
It will be a powerful tool to the construction industry to better serve our fast chang-
ing society’s needs.

 Grand Upgrade Without Mass Demolition

Jin Young SongGreg Sloditskie

Improving the lives and health of the residents in informal settlements should be the 
main focus of this redevelopment strategy. In the majority of cases where a process 
of eviction is followed by the construction of taller public housing, community par-
ticipation is not seriously considered and the socio-economic cost of relocation is 
not logically planned. On the other hand, piecemeal on-site upgrading and improve-
ment is slow and inefficient considering the rate of increase of global slum popula-
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tions. Significant improvement can be made in the process of slum upgrades by 
using novel technologies and alternative delivery methods of prefabrication. This 
approach minimizes the disruption of residents’ lives and livelihoods while keeping 
pace with the increasing population.

Traditional redevelopment schemes demolish old structures before replacing 
them with taller residential towers. This approach is often flawed because it fails to 
measure existing conditions. According to statistics published by the alliance of 
SPARC, Mahila Milan, and the National Slum Dwellers Federation, the substantial 
city sized settlement in Dharavi has developed over a long period of time with 
diverse communities, rather than being quickly formed as a temporary settlement 
[6]. The informal settlements also provide critical services to the greater city, and it 
is important for any redevelopment plan to minimize the impact on these dynamic 
activities. This is often ignored by conventional developer-oriented plans. Some 
case studies have shown that the existing housing was in good shape and the new 
public housing failed to improve the lives of the residents [7]. Eviction followed by 
mass housing construction typically requires multiple years. Any successful rede-
velopment strategy must measure the costs of migration and life disruption during 
this period. Therefore, clearing the slum site is not only inhumane but also techni-
cally difficult. In Dharavi, land ownership is very complicated, owned by the 
Municipal Corporation of Greater Mumbai (MCGM) and various private communi-
ties. Additionally, since the ground floor of typical units provide space for living and 
working, it is inevitable to expect serious resistance from the residents. Quality of 
construction and maintenance is also difficult to achieve through profit-driven and 
contractor-oriented construction without serious community interaction. We should 
note that the success of mass-development of high-rise apartment blocks in 
Singapore, South Korea, and some other global cities is based on countless com-
munity actions, reactions, mistakes, and modifications over 30–40 years.

In the site analysis and pre-design phase, one of the most important tasks archi-
tects do is to uncover strengths within current conditions that are worth preserving. 
We should continue and enrich the positive aspects of existing communities in the 
redevelopment plans. The goal of novel redevelopment plans is to maintain the 
dynamic urban activities while promoting larger economic development. In order to 
do that, we must avoid significant disruption resulting from the “upgrade.” Rather 
than creating new socio-economic problems related to the costs of mass-migration 
due to demolition, we propose designing a prefabricated building system that could 
be easily constructed by low-skilled workers in a factory located close to the infor-
mal settlement. The factory would produce three dimensional modules or two 
dimensional components for the incremental and participatory urban upgrade 
process.

Considering the important financial factors in conventional slum upgrading has 
been subsidies and loans from governments, support from private banks, and inter-
national donations, the key contribution from the building industry is to help the 
state and agencies to support conditions for community-based slum upgrading [8]. 
And this local business for the prefabricated housing factory can support the incre-
mental development. The factory’s products would be optimized for a manufactur-
ing process that requires minimal capital investment. Local residents would make 

18 Alternative Housing Delivery for Slum Upgrades: Perspectives from Architecture…



296

up the bulk of the factory’s workforce and management teams. The modules or 
components would be delivered to the existing informal settlement using the most 
cost efficient transportation methods. The process of site installation would be 
designed to minimize disruption to the informal settlement residents (Figs. 18.2, 
18.3, 18.4, 18.5, 18.6, and 18.7).

Demolition would be minimized so as to provide basic services such as garbage 
and sewer lines. Demolition would also provide access for pile driving equipment 

Fig. 18.2 Projected morphology of Dharavi. (Source: Jin Young Song)

Fig. 18.3 Minimum site clearance for basic public service. Prefabricated modules are stacked on 
top of micro piles. (Source: Jin Young Song)
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and a compact construction crane. The first residents impacted by the demolition 
would be the first group to occupy the new prefabricated dwelling units. The factory 
would prefabricate temporary housing and work spaces for the first group of slum 
dwellers. These units would be located near the factory or slum. The first group of 
residents would occupy these dwellings and use the work spaces while their homes 
were being demolished and replaced with new dwellings. They would move out 

Fig. 18.4 Local health center and public toilets are delivered as prefab-modules. (Source: Jin 
Young Song)

Fig. 18.5 Inner courtyard is planned for future amenity such as playground and green open space. 
(Source: Jin Young Song)
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Fig. 18.6 The major road (16–20 m) is planned as future zoning plan. (Source: Jin Young Song)

Fig. 18.7 Schematic rendering of the street after the delivery of units on the left. (Source: Jin 
Young Song)
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after the new dwellings were suitable for occupancy. The next impacted group 
would occupy the temporary structures and start the process over again. This 
approach would also allow the factory to refine their process before delivering units 
to the slum. Micro pile foundations, inserting structural piles by drilling machines, 
which are often used for underpinning historic buildings, would be used to provide 
an acupunctural structural solution. This approach allows the rich and complex 
community to continue functioning at the ground level while new dwelling units are 
added above. The new dwelling units would be combinations of either three dimen-
sional structural modules or two dimensional components. The final choice between 
the two prefabricated methods would balance transportation logistics with site dis-
ruption. Ancillary structures like stairs, awnings, etc., would be prefabricated by the 
factory to the extent possible and shipped to the site for field installation.

Off-site prefabrication methods and inspections would assure structural integrity. 
Combining basic modules and components in different ways would create a varied, 
architecturally pleasing design. The upgrade process would be participatory, incre-
mental, and respect local materials and customs whenever possible. The existing 
community would be engaged so that they can evaluate the first group of dwellings 
and offer improvements for the next group. The ground floor can be improved 
whenever the owners are ready to upgrade. This will provide another source of busi-
ness for the local prefabrication company. Costs for this theoretical framework 
(business startup, construction materials, foundations, labor, etc.) are subject to the 
market strategy and will be offset by the demand resulting from the city’s  substantial 
size. This alternative project delivery has a potential to make a global impact on 
other slum sites by showing how construction firms, academia, and humanitarian 
agencies can use technology to improve the lives of the inhabitants.

The mode of slum upgrade should improve the wellness of the inhabitants by 
maintaining dynamic urban activities while promoting larger economic development. 
Alternative modes of housing delivery are the key concepts that can be used for any 
informal settlement case. In order to overcome both large scale slum clearance and 
slow piecemeal upgrade, the prefabrication and novel design configuration provide a 
“grand upgrade” without mass demolition of neighborhoods and communities.
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Chapter 19
Integrating Traditional and Modern 
Medicine: Perspectives from Ethnobotany, 
Medical Anthropology, Microbiology, 
and Pharmacy

Gail R. Willsky, Rainer W. Bussmann, Mayar L. Ganoza-Yupanqui, 
Gonzalo Malca-Garcia, Inés Castro, and Douglas Sharon

 Project Goals

Traditional medicine (TM) as defined by the World Health Organization is “the sum 
total of the knowledge, skill, and practices based on the theories, beliefs, and experi-
ences indigenous to different cultures, whether explicable or not, used in the mainte-
nance of health as well as in the prevention, diagnosis, improvement or treatment of 
physical and mental illness” [1]. The objective of this study is to introduce more (TM) 
practices, central to the local culture, into the Peruvian public health system (PPHS) 
in Northern Peru. There are three interrelated parts: (1) to help public health service 
personnel understand the local TM practices of their patient population to supplement 
the therapy for these patients, (2) to inform the patient population that many of the 
herbal remedies of TM are the same as the medicines used in the allopathic medical 
tradition, (3) to promote conservation programs by educating the public and maintain-
ing gardens of native medicinal plants. The work involves an interdisciplinary 
approach of ethnobotany, medical anthropology, microbiology, and pharmaceutical 
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sciences to improve patient satisfaction with public health services and to preserve 
local medicinal plants and the knowledge concerning their use (Fig. 19.1).

 TM and the PPHS in Peru

Aspects of TM practiced by the indigenous healers (curanderos) are used exten-
sively in Northern Peru. The evidence-based allopathic medical tradition aims to 
alleviate the pathological symptoms of disease with remedies (such as drugs or 
surgery) directly targeted to the diagnosed problem. This system is used in many 
medical schools in the developed world. Osteopathic medical training, based on 
similar principles, has a slightly different philosophy emphasizing the interrelation-
ship of all systems in the body to promote good health. The PPHS provides care 
predominantly based on the allopathic system.

In response to World Health Organization (WHO) guidelines outlined in the 
Alma-Ata Declaration of 1978, Peru has become a major innovator in trying to 
promote health care equity relating to the integration of TM into primary health 
care. In 1979 and 1988, it hosted two WHO conferences on TM, leading to the 
formation of the National Institute of Traditional Medicine in 1991. In the late 

Fig. 19.1 Conceptual diagram depicting the integration of traditional and allopathic medicines in 
the Peruvian public health system. (Source: images: Gail R. Willsky, and Gonzalo Malca-Garcia; 
graphic design: Nicole C. Little)
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1990s, Peru’s Social Security Administration organized a public health program 
(EsSalud) that developed the National Program of Complementary Medicine 
(PRONAMEC) and opened three Centers of Complementary Medicine (CAMECs) 
in Peru’s major cities (Lima, Arequipa, and Trujillo). Today there are 27.

In 2015, Peru’s Ministry of Culture began an initiative to recognize north-coastal 
TM or curanderismo as “cultural patrimony of the nation”. Shamanistic practices in 
the area involve folk healing embracing extensive use of medicinal plants (including 
the psychoactive San Pedro cactus) and grass-roots psychotherapy. If successful, 
after nearly 500 years of persecution, the shamanism of this area is officially pro-
tected under the General Law of Cultural Patrimony of the Nation, which resulted 
from Peru’s ratification of the 2003 UNESCO Agreement for Safeguarding 
Intangible Culture (such as oral traditions). This law complemented the 2002 Law 
for the Protection of the Biological Knowledge of Indigenous Communities [2].

 Robust TM and Public Health Facilities Exist Separately 
in Peru, with Integration Only Recently Attempted

Only beginning in the 1990 have there been efforts to incorporate aspects of TM, 
including the use of medicinal plants (Fig. 19.2) into PPHS in spite of the fact that 
large segments of the local population, especially in rural and peri-urban areas 

Fig. 19.2 Medicinal plant use in the PPHS Clinic in Trujillo. Samples of medicinal plants growing 
in the clinic’s garden. (Source: Gail Willsky)
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appear to have more faith in traditional healers, curanderos, than in the practitioners 
of allopathic medicine. This is particularly true with regard to mental health and 
stress-related ailments that can be considered by modern science to be psychoso-
matic or psychosocial in nature. To further complicate the problem, no conservation 
programs exist for medicinal plants that are currently being lost due to climate 
change and development (Fig. 19.3).

In Trujillo’s EsSalud-Complementary Medicine Center (CAMEC), one of the 
major treatment modalities (including Tai Chi, acupuncture, diet, aromatherapy, 
psychological evaluation, etc.) involves medicinal plant therapy (Fig. 19.3). The 
program’s Manual de Fitoterapia surveys the scientific literature on the ethnobot-
any, phytochemistry, pharmacology, and sustainable agriculture of 70 Peruvian 
medicinal plants and their medical applications; however, it does not address the 
cultural content of medicinal plant use [3]. TM medicinal plant therapy includes 
psychosocial and cultural variables of respectable antiquity, i.e., dating back to at 
least 1500 B.C., that are not included in the CAMEC program. Medical anthropol-
ogy and ethnobotany studies are being carried out to describe these indigenous 
practices, documenting their use by the general population in order to help the 
physicians in the PPHS treat their patients in a manner congruent with specific 
cultural contexts.

Fig. 19.3 Medicinal plant use in the PPHS Clinic in Trujillo. Medicinal plants are dispensed in the 
clinic’s pharmacy. (Source: Mayar Ganoza-Yupanqui)
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 Characterization of TM Practices and Comparison 
with Techniques of Allopathic Medicine Will Help 
the Integration of TM into the PPHS

The authors of this chapter have utilized the US National Institutes of Health 
Minority Health & Health Disparities International Research Training grant 
(MHIRT) awarded to San Diego State University to characterize TM practices. This 
multi-disciplinary research has been conducted in Trujillo, Peru.

 Ethnobotany

Ethnobotany is the study of plants from a specific region and their practical uses by 
the culture, i.e., essentially a systematic study of the relationships between plants 
and people. Initially working with practitioners of TM (curanderos), we published 
a database of approximately 500 medicinal plants that has been recently updated 
[4]. Of the plant remedies used 65% were mixtures [5]. The Peruvian medicinal 
plant set studied by MHIRT contains many species that are also recognized as 
medicinal plants in many other cultures. Our database, some facts from which are 
outlined below, was obtained by going into the field and collecting information from 
patients, curanderos, and herbalists. These data, shown below, indicate a heavy ori-
entation to psychotherapeutic application.

 Medicinal Plant Use in the North-Coastal Area of Peru

• 43% of all plants are used for curandero described “magical” & “nervous sys-
tem” disorders

• 18% used for respiratory problems
• 16% for kidney & urinary tract ailments
• 10% for cardiac & circulatory disorders
• 9% for rheumatic & arthritic conditions
• 4% for female reproductive system problems

We found that environmental destruction (overharvesting of medicinal plants, de- 
forestation, mining, changing climate) in the areas studied poses a grave threat to 
the use of native plants. These studies also provide a framework for trying to save 
plant species disappearing from native habitats. Support from the US government 
sources for the study of native plants in order to develop new pharmaceuticals must 
set aside funds to compensate the people who cultivate and use these plants for 
medicinal purposes. This process is hampered by the difficulty in tracing the parties 
who should be compensated [6]. For example, curanderos use remedies passed on 
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through generations and are now known to many; the vendors selling the plants to 
the people may not be those who developed the cures. Many plants growing in the 
wild or by the roadside are harvested both by curanderos, who use and understand 
them, and vendors, who collect and sell plants for which there is a demand in the 
local markets. For documenting usage, it is much easier to locate the vendors rather 
than knowledgeable curanderos.

Our research has an educational and applied component. The experience 
gained with a medicinal plant garden we planted in 2010 at the archeological site 
museum for the nearby pre-Hispanic city of Chan Chan, as well as surveys from 
two community studies and the previous three clinics studied in Trujillo are being 
used to develop an inventory and database of the most frequently used herbal 
remedies applied in alleviating day-to-day ailments. A criterion for selection is 
that the efficacy of these remedies for treating specific ailments has been scientifi-
cally verified by Peru’s National Program for Complementary Medicine 
(PRONAMEC) as published by the social security system in the Manual de 
Fitoterapia (3). Further verification is to be found in our plant book containing 
510 north Peruvian plants and their uses as well as Plantas Medicinales del Perú, 
a survey of the taxonomy, ethnobotany, ecology, and phenology of 774 Peruvian 
medicinal plants assembled by botanists from the National University of Trujillo’s 
Faculty of Biology [4, 7].

Given that “traceability” is a major problem in using plants from local markets, 
many of which grow in the sierra, another criterion for selection includes the recom-
mendation that these plants can be cultivated in the soil and climate of the Trujillo 
Valley [8]. The same plant grown under different conditions (soil, sun, water) can 
have very different properties. Crucial to this assessment was the re-planting of the 
Chan Chan garden. The original plants—many of which had not regenerated—were 
obtained in local markets where vendors are unable to specify the origins of what 
they sell. Advancing the latter work and a study of market suppliers and sustain-
ability, we also are documenting the efforts of a homeopathic herbalist and owner of 
one of the three clinics in Trujillo where previous studies were conducted [9]. On 
his farm in the Andean foothills east of Trujillo, he is gradually adapting plants from 
other ecozones to coastal conditions with the aim of becoming a major supplier for 
local markets.

There is also a sustainability goal for this undertaking. As noted above, Trujillo’s 
social security-administered Center for Complementary Medicine (CAMEC) has a 
plant treatment modality via their certified natural pharmacy. Guidelines for the 
program are contained in CAMEC’s Manual de Fitoterapia [3]. Currently, only 20 
of these plants are obtainable on a large scale from natural plant product suppliers 
and no plant mixture remedies or cultural variables are included in the manual. 
Potentially, the gardens and possible offshoots could eventually become a supplier 
for CAMEC-Trujillo by demonstrating the viability of the medicinal plant market to 
local farmers. In addition, a seed bank element could provide a much-needed con-
servation function as demand increases over time.
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 Laboratory Science

Characterizing TM remedies using laboratory sciences important in pharmacology 
(microbiology, toxicology, and medicinal chemistry) that are involved in allopathic 
medicine helps PPHS personnel see how TM practices relate to what they have been 
taught. Employing these techniques to validate remedies of TM helps the patients of 
the PPHS see how connected TM practices are to those remedies used in allopathic 
medical practices. In 2005, we began laboratory research with the Clínica Anticona 
(CA) and the Universidad Privada Antenor Orrego (UPAO) followed in 2012 by 
starting work at the National University of Trujillo (UNT). The experience of 
MHIRT-Peru demonstrates the difficulties with laboratory studies in Northern Peru. 
Problems with reliable electricity and getting supplies in a timely fashion hinder 
laboratory work. Many laboratories are not climate-controlled, making it difficult to 
carry out studies requiring sterile techniques or other studies where contaminants 
can be airborne and deposited on samples. A lack of rules concerning the disposal 
of various chemicals is a problem for the environment, researchers, and the general 
population. Extensive paperwork requirements make it difficult to get samples and 
reagents into and out of the country.

Most Western research efforts are confined to the study of single plants. As 
reported above in our ethnobotany results, 65% of the herbal remedies in our studies 
were mixtures [4, 5]. The Western approach of searching for a “magic bullet” in 
looking at individual plant extracts appears to be the wrong research paradigm since 
synergistic effects may be found when plant mixtures are used.

Antibacterial activity of ethanol and water extracts obtained from dried, ground 
native plants was determined using standard serial dilution techniques in liquid cul-
tures and with plate tests. Curanderos administer the plants mostly as a water decoc-
tion while concentrated ethanol extracts (sometimes used as treatments) contain 
more chemical components from the plants. Toxicity of the extracts was measured 
by adding them to growing brine shrimp larvae at room temperature. This assay can 
be done in areas where the strict sterility constraints and equipment for mammalian 
cell culture are difficult to obtain. Phytochemistry studies included determination of 
the basic chemical composition of plant extracts and some isolation of components 
using thin layer chromatography techniques. The data reported below for toxicol-
ogy results of single plant extracts suggest that TM preparation of remedies should 
consider toxicity when preparing mixtures for treatments. Phytochemistry results 
suggest that looking only at extracts from single plants could miss some important 
antibacterial components [5, 10–12].

 Sample Laboratory Results

• Microbiology: 81% of ethanol extracts from 141 plants used in TM to treat infec-
tious disease showed antibacterial activity against S. aureus, while 36% showed 
activity against E. coli [13].
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• Toxicology: 76% of ethanol extracts from 341 plants used in TM showed high 
toxicity against brine shrimp, while 24% of water extracts from the same plants 
were toxic to the brine shrimp [10].

• Phytochemistry: Data supporting the presence of a new compound with anti-
bacterial activity was found in an ethanol extract of the mix of Salix chilensis 
Molina and Prunus serotina Ehrhart-subsp. capuli (Cav.) McVaugh that was not 
present in the separate ethanol extracts made from each plant [14].

Scientists throughout Peru are working to advance the study of the country’s 
medicinal plants. The quality of the labs is improving and funding is being made 
available from the government and local corporations. Many of the plants used in 
Peru are also found in other cultures, and are actively being characterized in labs 
around the world. Although these studies will provide much-needed knowledge, it 
is difficult to relate this information to medicinal plants grown in Northern Peru.

 Medical Anthropology

Medical Anthropology studies are needed to characterize how the patient relates to 
the TM healer or curandero and how the curandero relates to the patient, the earth 
and the cosmos. Studies with Trujillo’s EsSalud-Complementary Medicine Center 
(CAMEC) included an evaluation of the Center’s plant treatment program where we 
noted a need to include the cultural context of medicinal plant use. Supplementing 
ethnobotanical work with local healers and herbalists, medical anthropology sur-
veys were conducted to determine knowledge and use of medicinal plants in city 
clinics and communities around Trujillo. These studies expanded the outreach 
efforts of our local partners at the National University of Trujillo and EsSalud- 
CAMEC. In this context, these two public entities began a collaborative effort to 
conduct phytochemical research on medicinal plants not yet available in the Center’s 
Natural Pharmacy. Initially this research included cultural information from the 
field, a trend that we hope will continue.

Studies of three clinics (public, private, and herbal homeopathic) in the city of 
Trujillo demonstrated that, although modern pharmaceuticals were used by patients 
more frequently than medicinal plants in a private Western clinic, the use of medici-
nal plants was still relatively high [15, 16]. On the other hand, in an herbal homeo-
pathic clinic, the situation was reversed, i.e., a slightly higher use of medicinal 
plants as compared to pharmaceutical products [17]. Studies at the public EsSalud- 
Complementary Medicine clinic which were applied in a more informed manner 
than in the other clinics also showed a higher use of medicinal plants in comparison 
to the use of pharmaceutical products [18].

To date 193 different types of plants have been listed by interviewees in the com-
munity. With this list we were able to determine the most commonly known plants. 
Even though we were not able to determine actual use, we have an idea where to 
start in future research specifically seeking to document usage. Working with a 
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homeopathic herbalist and market supplier we were able to discover the origins of most 
of the preferred plants. This information should be very helpful to our research part-
ners at EsSalud in their efforts to increase plant knowledge and use among their clien-
tele through the Programa Nacional de Medicina Complementaria (PRONAMEC).

Regarding medical preference, comparison of the two communities studied 
revealed an almost equal split between preference for medicinal plants and medi-
cine from a doctor or pharmacy [18]. This is similar to the findings from the three 
clinic studies discussed above. Many participants indicated that—even though they 
prefer one type of medicine—cost, severity of illness, and availability are key 
decision- making factors. However, belief in culturally bound illnesses (“fright,” 
“shame,” and “evil eye”) was about 90% or higher for both communities and every-
one explained that these are not illnesses that can be treated by a medical doctor. 
Some respondents even expressed the opinion that a doctor could accidentally harm 
a patient by treating the wrong ailment. We feel that these strongly held culturally 
bound beliefs demonstrate the unique coexistence of physical and psychosocial ill-
nesses in Peru.

A worrisome statistic was the large percentage of participants stating that their 
parents knew more about medicinal plants than they did, i.e., 81% of participants in 
a newer community and 66% in an older one. This may indicate that we are witness-
ing a decline in the passing on or interest in the use of medicinal plants as communi-
ties continue to grow and urbanize, a trend also noted in the three clinics surveyed 
in prior studies [18]. This knowledge concerning the plants has not always been 
documented. Nonetheless, the overall knowledge of medicinal plants in the three 
clinics and two communities was impressive and speaks to a deeply rooted practice 
of plant medicine in this area as further indicated by the number and size of open-air 
medicinal plant markets which we have documented and continue to monitor. 
Packaged samples of these plants are also offered in modern supermarkets that first 
appeared in Trujillo in 2009 and even outside of Peru.

To date, our community studies are also showing that, in spite of increased use of 
modern medicine, the beliefs and practices of TM and its associated worldview are 
still very strong at grass-roots level, i.e., over 90% of community respondents held 
traditional beliefs regarding culturally bound illnesses which they felt could only be 
treated successfully by local curanderos.

In order to better characterize the mindset of the patient population of the PPHS 
more documentation is necessary. Recent work by our UB medical anthropology 
colleague, Ana Mariella Bacigalupo is documenting how curanderos in rural areas 
are counteracting poor health linked to environmental destruction by reinforcing 
local holistic health models based on the relationship between plants, sacred spaces, 
and people. They see people’s health as inextricably linked to the environment. 
They reinforce notions that community spaces and medicinal plant gardens are 
inhabited by spirits, especially the spirits of their ancestors (los gentiles) and seek to 
reconnect locals to these sacred spaces which provide the context for traditional 
health practices. We feel that Peruvian public health programs need to include 
 sensitivity to this cultural context along with the findings from the lab coupled with 
concerted conservation efforts.
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 Comparison of Specific Plants and Plant Mixtures Used 
in North Peruvian TM

Workers in the health field need to understand and respect the different cultural 
values of the patient population. An example of the value of such an open-minded 
approach is seen in the use of the San Pedro cactus. Easily prepared extracts of the 
San Pedro cactus (Echinopsis pachanoi), which is widely available in most open-air 
markets (Fig. 19.4), are used in healing ceremonies. In a MHIRT-Peru study describ-
ing 974 herbal mixtures used in TM in the area, the San Pedro cactus appears in five 
mixtures, only one of which is specifically used as a hallucinogen [5]. The evidence- 
based medical practices of the developed world have determined that mescaline is 
the active hallucinogenic compound in the San Pedro cactus [19]. Mescaline has 
been abused in Western cultures due to its hallucinogenic effects. In contrast, San 
Pedro extracts (easily made by boiling the cactus in water) are successfully used in 
TM in Northern Peru without general problems of abuse due to the respect for the 
sacred nature of the plant.

Buenas Tardes (Mirabilis Jalapa L.) and Flor de Arena (Tequila paronychoides 
[PHIL.] A. Richardson) were used in five two-plant mixtures, three of which were 
for diseases that could be caused by infectious agents: inflammation, kidney prob-
lems, and renal disease [5]. We tested the antibacterial activity of ethanol extracts 
made from the individual plants and from a mixture of both plants to measure the 
amount of extract needed to kill 50% of the bacterial population. Each extract made 
from the individual plants was able to kill half of the S. aureus at approximately 
2 mg/ml. The extract made from a mixture of the two plants was twice as effective, 
killing half of the bacteria at a concentration of 0.8 mg/ml [11, 12].

Fig. 19.4 Open-air market showing San Pedro cactus (bottom right). (Source: Gail Willsky)
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Hierba Buena (Mentha spicata L.) and Pimpinela (Sanguisorba minor Scop) 
were combined in five two-plant mixtures, four of which could be caused by an 
infectious agent: indigestion, colic, renal disease, and gastritis [5]. The activity of 
alcohol extracts of individual plants and the plant mixtures was tested using two 
strains of bacteria, E. coli and S. aureus. Using E. coli, the extracts made from the 
individual plants and the plant mixture all had slightly effective antibacterial activ-
ity, requiring between 5 and 6 mgs/ml of extract to kill half of the bacteria. Using 
S. aureus, none of the extracts made from the individual plants were considered to 
have antibacterial activity with over 36 mgs/ml of each extract needed to kill half of 
the bacteria. However, in the extract made from a mixture of these two plants only 
0.6 mgs/ml was needed to kill half of the S. aureus bacteria which was over 60 times 
more effective than the extract made from either plant alone [12].

These results with the two-plant mixtures used to treat diseases potentially 
caused by infectious agents demonstrate that evaluating the composition and anti-
bacterial activity of only one plant at a time may miss an important chemical com-
ponent used in TM treatments. In our studies two common bacterial strains were 
used and all plant extracts were obtained using alcohol extracts. Our studies may not 
have involved the specific bacteria that might be causing the disease the TM mixture 
was intended to treat. Also, our scientifically required standardized preparation of 
extracts did not completely follow how the mixtures are used in the varied methods 
found in TM, i.e., our alcohol extracts contained more chemicals than the water- 
based teas used in the TM treatments.

 Continuing Work in Ethnobotany, Laboratory Science, 
and Medical Anthropology Will Greatly Speed the Progress 
of Integrating TM into the PPHS

Obtaining more community information on these areas and educating both the 
patients and workers in the PPHS along with the people who provide the medicinal 
plants can be greatly beneficial. The workers in the PPHS need to understand the 
worldview of the patient population, requiring further documentation of indigenous 
knowledge and practice. The educational aspects of MHIRT-Peru involving gardens 
of native medicinal plants is also vital for the continued availability of these plants 
and the potential to get the native population involved in medicinal plant production 
and conservation.

 MHIRT-Peru Program and Student Exposure to TM

An important part of the MHIRT-Peru program is exposure of our students to 
Peruvian TM via participant-observation in curandero “cleansing” rituals (limpias) 
involving the use of medicinal plants, including the psycho-active San Pedro cactus, 
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conducted in conjunction with healing altars or mesas. A healing ceremony or 
cleansing ritual can take all night and often involves more than one patient. The 
people attending the ceremony gather around the mesa (Fig. 19.5) arranged on the 
ground in a symbolic format common to all north-coastal healers. During the cere-
mony the curandero invokes the spirits of sacred mountains, lagoons, pre-Hispanic 
temples (huacas), and Christian saints. The curandero passes the San Pedro concoc-
tion around to all who are present during the ceremony. Incense and the spraying of 
perfumes in the four cardinal directions and over the patient purify the environment 
and patient while stimulating the sense of smell. The curandero questions the 
patient, diagnoses the presenting problem, and rubs a staff symbolizing the targeted 
ailment over the patient’s body. A final “cleansing” is performed by the curandero 
who orally sprays a perfume mixture over all present.

The mesa is an important tool of the curandero giving concrete expression to the 
basic cultural ideology underlying North Peruvian psychotherapy, an ethnographic 
fact verified by a large number of scholars working in the north. This metaphysical 
concept has been characterized the “complementarity of opposites.” It is manifest 
in the spatial arrangement of the power objects on the mesa into three “fields” 
(campos): left (negative), right (positive), and middle (mediating). Up until mid-
night, the curer’s rituals symbolically activate the healing energies of the mesa 
zones through the agency of the Middle Field. After midnight, this balanced energy 
is ritually focused on each patient seeking relief from “sorcery,” “fright,” “bad luck,” 
or a variety of other culture-bound illnesses.

The following text is the testimony of a Latino archeology student regarding his 
interaction with one of the curanderos who works with us. After the “cleansing” 
ritual, the curandero said that he wanted to talk further about the barriers in the 
student’s life which were impeding his academic progress. In previous conversations, 

Fig. 19.5 Mesa used in a curing ceremony in Northern Peru. (Source: Doug Sharon)
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the student had discussed the difficulties he was experiencing in his studies. He had 
come to the curandero in the hope of changing his luck.
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Testimony of a Student Concerning Their Experience with a 
Curandero-Conducted Healing Ceremony
The maestro (a common term for addressing a curandero) listened to my per-
sonal story and the description of the impediments to my progress. I felt sur-
prisingly comfortable in relating all this to him. The central problem was that 
I was at my father’s side when he died in a car accident in 1998. Related to 
this and other matters, a sense of fear and anxiety had manifested within me. 
The maestro didn’t necessarily resolve my problems, but I felt recharged with 
regard to my ability to deal with daily life and to renew my desire to transcend 
the tragedy and leave it in the past. Also, the maestro and his assistant worked 
very hard to achieve a resolution of my problems and make me remember 
my true state of being and the progress I had made since the death of my 
father. I began to look beyond the negative impression caused by this experi-
ence which had influenced me. Using my personal history, I felt that the mae-
stro wasn’t just helping me by means of the session, but that he was imparting 
to me a part of what he does as a curandero.

In the final analysis the session lasted about 4 h and, because of a cold I 
was experiencing, I did not drink the San Pedro. Despite this, the combination 
of fragrances, songs, and the rhythm of the rattle made me feel that I had 
reached a state of ecstasy and that my inhibitions had been removed. I thought 
that the session had lasted 2 h because I felt totally awake. Upon returning 
home, I couldn’t sleep. In the year after this session, I re-initiated contact with 
my brothers, renewed my zeal for my studies, and I experienced an improved 
ability to deal with my anxieties. It isn’t that the maestro performed a miracle 
for me, but he gave me the tools to manage my life in a more effective fashion.
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