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    Foreword    

 December 1, 2011, was the 24th annual World AIDS Day. This one was particularly 
signi fi cant as 2011 marked the 30th anniversary of the  fi rst diagnosis of an AIDS 
patient. The organizers of World AIDS Day launched a 5-year campaign entitled 
“Getting to Zero,” a theme that was meant to encompass the goals of zero new HIV 
infection, zero discrimination, and zero AIDS-related deaths. 

 Many high-pro fi le people, politicians in particular, chimed in to echo the ambi-
tious goals of the campaign. Hilary Rodham Clinton said that an AIDS-free genera-
tion was  fi nally achievable. President Obama declared “we can beat this disease” 
and spoke of “the beginning of the end” of AIDS. Carla Bruni-Sarkozy spoke of her 
“dream of an HIV-free generation in the next few years—and of all generations 
being HIV-free from then on.” 

 No politician ever wants to be a wet blanket. Yet behind their upbeat rhetoric, a 
sense of realism hangs in the air. Absent from the cacophony of celebratory remarks 
was a single con fi dent voice asserting that there is a scienti fi cally credible, or even 
plausible case that 30 years on, the end of the war against AIDS was in sight. The 
multitude of articles and commentaries in the press shared the tone of a writer put-
ting on a brave face, putting aside his trepidation and exercising restraint in his 
language. 

 As usual, the politicians’ words were neither all true nor all false. Whether the 
anti-HIV/AIDS enterprise has been a success or a failure depends on how one looks 
at it—from the viewpoint of curative medicine or from the viewpoint of public 
health. 

 As far as medicine goes, indeed, great progress has been made. Dispelling the 
ignorance and therefore the mystery and fear surrounding the cause of the disease 
30 years ago, the viral etiology was established and the virus was isolated. This 
made it possible for the HIV infection to be diagnosed long before a patient enters 
into the phase of full-blown AIDS. With the availability of antiretroviral drugs, life 
expectancy from diagnosis of infection can now be measured in decades. During 
much of that time, a patient’s viral load can be suppressed, the decline of CD4 cells 
can be reversed, and the onset of full-blown AIDS can be pushed back. For a patient 
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who has access to good medical care, HIV infection can be regarded as a chronic 
disease which can be managed for years by medication even though the virus, inte-
grated into the genome of certain host cells, is never entirely purged from the 
patient’s body. The clinical course of an HIV-infected patient today can be worlds 
apart from that in the early days of AIDS. The strides made in understanding the 
biology of the virus and the mechanism of its pathogenesis, and in developing tools 
to diagnose and treat an HIV infection, comprise one of the most brilliant chapters 
in the annals of modern medicine. 

 The success in treating HIV patients came through the development of new 
drugs. Nucleoside analogs had already been developed in the 1970s for treating 
Herpes virus infection and cancer. Following in this pathway, new nucleoside ana-
logs were developed to inhibit the replication of the HIV virus. Later, novel drug 
development techniques such as structural biology and computational chemistry 
were used to develop small molecule protease inhibitors and nonnucleoside reverse 
transcriptase inhibitors. Biologics were also developed such as peptides which 
inhibit viral entry into the host cell. The concerted efforts in developing anti-HIV 
drugs, targeting different parts of the virus’ life cycle, have resulted in over 20 anti-
retroviral drugs approved by the FDA for treating HIV infection. Just as new drugs 
were discovered to treat one disease after another in the history of medicine, effec-
tive and safe drugs were successfully developed to treat HIV infection. 

 Whereas the practice of medicine addresses the health status of an individual 
patient, the practice of public health addresses the disease burden on a whole popu-
lation. Central to the mission of public health is the control of the spread of HIV 
infection such that the pandemic can be extinguished. The major concerns are the 
incidence and prevalence of diseases, the systems for provisioning healthcare, and 
the economics thereof. In contrast to the great strides made in treating a patient 
infected with HIV, the public health scorecard in dealing with the HIV/AIDS prob-
lem is mixed. The greatest success was achieved in stopping mother-to-child trans-
mission of the virus where zero infection does look to be achievable. The broader 
picture, however, is less encouraging. As of 2010, there were still 2.7 million people 
around the world who became newly infected with HIV, adding to a prevalence of 
33 million people worldwide who were already living with HIV infection. Of these, 
only 6.6 million were getting treatment. Regional differences in prevalence also 
paint a grave picture. In three southern African countries, the prevalence of HIV 
infection in the adult population exceeds 20%. 

 Traditional public health measures used to deal with pandemics have been much 
less usable in dealing with the HIV pandemic. Quarantine, probably the most effec-
tive public health measure used to extinguish pandemics beside vaccination, did not 
work in the case of HIV because infections remain asymptomatic and often unknown 
for years after exposure. A good contrast is between HIV and SARS. SARS is a 
disease with rapid symptomatic manifestations after infection. Upon the discovery 
of the emergence of a new infectious disease, the world immediately mounted a 
quarantine response which stopped the spread of the disease. With HIV infection, 
this was not possible. It is estimated that in the USA, 20% of the infected do not 
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even know that they are infected and they carry on activities which infect others. In 
sub-Saharan Africa, that percentage is sure to be higher. 

 Viewing from these two different vantage points, the track record of the HIV/
AIDS enterprise can indeed be classi fi ed both as a success and a failure—a success 
by the standard of medicine, a failure by the standard of public health. This is not to 
say that progress has not been made on the public health front, but the world is far 
from bringing the pandemic under control. 

 Theoretically, there is no reason why the success in curative medicine for HIV 
infection cannot be rolled out to become a public health success. Practically, what 
stands in the way is economics. The world now has the knowledge and the tools to 
stop the spread of the HIV virus, but not the means committed to do so. 

 In 2003, President George W. Bush initiated the President’s Emergency Program 
for AIDS Relief (PEPFAR) which allocated 15 billion dollars to making antiretro-
viral drugs available in developing countries. In 2008, the US Congress passed an 
appropriation bill to authorize up to 48 billion dollars for the next 5 years to combat 
global HIV/AIDS, tuberculosis, and malaria. Together with the Global Fund to 
Fight AIDS, Tuberculosis and Malaria and private foundations such as the Gates 
Foundation and the Clinton Foundation, there are now about seven billion dollars 
each year available for treating HIV patients in low and middle income countries. 
The impact of this sum was further maximized by aggressive negotiation with phar-
maceutical companies to lower the cost of antiretroviral drugs. The annual cost for 
each patient is now down to $335. Fifteen years ago, antiretroviral drugs cost 
$10,000 per annum. It is a great accomplishment that there are now 6.6 million 
people worldwide who have access to treatment for AIDS. Of that number,  fi ve mil-
lion are in sub-Saharan Africa where only 20,000 were being treated in 2004. 
Impressive as this number is, it still pales in comparison with the estimate that 14.2 
million AIDS patients worldwide are sick enough to be put on treatment. 

 A still more foreboding statistic is that for every person who is newly put on 
treatment now, there are two persons who are becoming newly infected with HIV. 
Since the use of antiretroviral drugs is lifelong and the median age of diagnosis of 
HIV infection is in the 20s or 30s depending on the country, even a conservative 
treatment protocol would mean that the addition of each newly infected person cre-
ates an additional  fi nancial burden for a decade or more of treatment some time 
down the road. The more the antiretroviral therapies prolong the lives of the HIV 
infected, the greater is the number of years of drug treatment needed for each patient. 
The  fi nancial burden for HIV treatment worldwide is therefore increasing exponen-
tially. The sheer math is sobering. It is no wonder that a certain pessimism has set in 
that the war against AIDS cannot be won. 

 Ongoing clinical studies continue to come up with new ways of using the antiret-
roviral drugs for greater bene fi t. Most notable is the HPTN 052 clinical trial which 
was halted in May 2011 by the independent Data and Safety Monitoring Board for 
ethical reasons because the data were so overwhelming that initiating HIV-positive 
patients on antiretroviral therapy when their CD4 counts were in the 350–500 cells/ m L 
range as opposed to waiting until their CD4 counts declined to 250 cells/ m L had an 
effect of reducing by 96% the risk of transmission of the virus to the HIV-uninfected 
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partners of the HIV-serodiscordant couples in the trial. The bene fi t to the health 
status of the HIV positive partner of these couples seen in this trial strengthens 
emerging evidence that treating early is better than treating late. Now, imagine the 
 fi nancial rami fi cation of putting HIV-positive patients on therapy earlier than what 
is being practiced now! Herein is another example of a medical breakthrough in the 
treatment of HIV patients which will have a problematic future as a public health 
measure at the population level for reason of sheer economics. 

 Given that there are not enough medicines to go around, the fair allocation of 
drugs becomes a question loaded with bioethical questions. Does making drugs 
available in one part of the world, or to one particular high-risk group, have greater 
impact in stopping the spread of HIV globally? What is the role of personal respon-
sibility in risky behaviors which lead to acquisition of the infection or transmission 
of the infection to others? Who bears the responsibility for drug compliance for 
those who are under treatment? In countries with socialized medicine, how should 
resources be prioritized in the treatment of acute versus chronic diseases or one 
disease versus another? Policy considerations are fraught with conundrums and the 
choices are exceedingly dif fi cult. 

 Government agencies remain the largest source of funding for HIV treatment. In 
democratic countries, the use of the country’s  fi nancial resources is subject to the 
constraints of democratic institutions and processes and is hence subject to the col-
lective political will of the populace. In the early days of the HIV pandemic, there 
was a sense of exigency in the western countries and therefore a groundswell of 
popular support for governments to devote resources to combatting AIDS. With the 
passage of time, that sense of exigency has waned. The success of the antiretroviral 
drugs in treating HIV patients has also created an illusion that the AIDS pandemic 
is now under control. Combatting AIDS no longer enjoys the priority in the national 
agenda as it once did, all the more in recent years as the governments in the devel-
oped world have all fallen into extreme  fi nancial stress. With its own healthcare 
system  fi nancially unsustainable, it is doubtful that America will be as generous 
when the PEPFAR program comes up for renewal in 2013. In light of the latest 
census data showing that 46.2 million Americans are living under the poverty line, 
the highest number in the 52 years that the Census Bureau has been collecting 
income data on the American people, it is also doubtful that American largess 
towards the developing world will be as plentiful in the future. Dif fi cult economic 
times breed isolationism. 

 As a result of the world  fi nancial crisis that began in 2008, philanthropic dona-
tions for the AIDS cause have also waned. Some of the formerly active NGOs 
devoted to the AIDS cause are now in  fi nancial straits. It is hard to be optimistic that 
there will be a massive infusion of new funds to support HIV treatment. 

 Equally discouraging is the poor prospect of a universal prophylactic vaccine 
against HIV. Weakly effective vaccines as the ALVAC/AIDSVAX vaccine tested in 
the Thailand trial are no cause for optimism. Such vaccines can never be deployed 
in real-life situations for fear that they create an illusion of protection which in turn 
encourages risky behavior. Even though there is the possibility that a conserved 
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epitope on the HIV-1 envelope protein gp120 may give rise to neutralizing antibod-
ies, the availability of a vaccine is realistically nowhere in sight. The prophylactic 
use of neutralizing antibodies is also unrealistic. 

 If neither a vaccine nor the adequate resources to fund HIV treatment appear 
imminent, the  fi ght to contain the spread of HIV will have to resort to more tradi-
tional public health measures which have had proven ef fi cacy at controlling dis-
eases or improving health at the population level. One should not forget that 
changing the public’s attitude and behavior through public education succeeded in 
reducing cigarette smoking. Coupled with light-touch legislations, the antismoking 
campaign in America produced one of the all-time success stories in public health. 
In the prevention of HIV infection, public education in using condoms has borne 
fruit with certain high-risk groups, as has the public education for injection drug 
users not to share needles. 

 Several randomized controlled trials in Africa have shown that male circumci-
sion is highly effective in reducing heterosexual HIV transmission. In three trials, 
the data were so overwhelming they were terminated early for ethical reasons. 
Unlike the use of condom or vaginal microbicide which has to be done at every 
sexual encounter, male circumcision is done once for a lifetime bene fi t. In this 
regard, it is like a vaccine. Programs in Botswana and Swaziland have shown that 
male circumcision is welcome by both men and their female partners. There do not 
appear to be insurmountable cultural barriers to the idea of male circumcision. 
Being a surgical procedure, it is necessary to organize the delivery of male circum-
cision in a more cost-effective fashion. There is no reason why this cannot be 
done. 

 In both Uganda and Zimbabwe, there is evidence that reduction in casual sex and 
in the number of sexual partners—behavioral changes brought about by public cam-
paigns—has also contributed to reducing HIV transmission. The  fi eld experience 
for male circumcision and for the reduction of concurrent sexual partners strongly 
argues for public education as a highly effective strategy for reducing HIV transmis-
sion. Such public education programs, rather mundane and never able to garner the 
limelight as scienti fi c or medical breakthroughs, are actually more effective at the 
population level. There must be redoubling of efforts in such behaviorally based 
public health strategies. 

 On the healthcare delivery side, one should not forget that community-based 
efforts played a large role in reducing HIV infection among sex workers in many 
countries. The use of community-based efforts both to promote prevention and drug 
compliance among those who are under treatment should be supported. 

 In light of a high likelihood of declining funds available for providing antiretro-
viral therapy to the developing world, drug treatment programs should be adjusted 
to get the greatest bene fi t out of available resources. The antiretroviral drugs have 
now been in use for so long in such a large patient population that they are proven 
to be safe. In one study conducted by British scientist in three African countries, it 
was found that routine laboratory testing of the patients, hitherto thought to be nec-
essary for monitoring toxicity and side effects of the drugs, conferred no additional 
survival bene fi t 5 years out. This so-called Lab-Lite approach is one way of shifting 



x Foreword

the available  fi nances from routine lab testing to buying more drugs and making 
drugs available to people living in remote areas where healthcare facilities are not 
equipped to do the laboratory testing. The provisioning of drug treatment can be 
done more economically without eroding the quality of care. 

 Apart from prevention and treatment, the disease surveillance function of the 
public health infrastructure must not be overlooked. This vigilance is particularly 
critical because HIV comes in several subtypes and is hypermutable. New evidence 
is emerging that the HIV-1B subtype of the virus, prevalent in North America and 
Europe, has very different properties than the HIV-1C subtype which is prevalent in 
South Africa, the latter being much more ef fi cient in heterosexual transmission and 
is found in high titers for a prolonged period after the acute phase of infection. The 
rami fi cation of this latter property for disease control is profound. The surveillance 
infrastructure of the public health system must be strengthened to pick up different 
behaviors of the viral subtypes at the population level as well as the potential emer-
gence of variant forms of the virus. 

 Finally, we should not give up hope that science will be able to deliver medically 
based means for controlling the spread of HIV at a cost that the world can afford. 
Funding for studying the virology and immunology of HIV should continue. 
Expenditures designed for current outcome must be balanced with expenditures 
designed for future payoff. It may seem like a long shot, but in light of the unbear-
able economics of antiretroviral treatment-based prevention strategies, it is a risk 
that we cannot afford not to take. The success of antiretroviral therapy should not 
sti fl e the exploration for new treatment and prevention modalities, especially 
modalities that can be mass deployed economically. We may do well to acknowl-
edge the limitations of current therapies and apply fresh thinking to the problem. 

 The current research funding environment in America is certainly less than 
friendly. In the face of a declining NIH budget, funding any one area of research is 
at the expense of funding other areas of research. Considering AIDS is not even in 
the top 15 causes of death in the general population of America, the case is biased 
towards funding research on diseases which af fl ict a much larger percentage of the 
American population. With the aging of the Baby Boomers, there is a powerful 
demographic force in favor of supporting the study of diseases of the aged such as 
cancer, cardiovascular diseases, and neurodegenerative diseases. Diseases whose 
incidences are increasing at alarming rates are also more likely to garner funding. 
Obesity, metabolic syndrome, and diabetes are prime examples. Considering obe-
sity af fl icts one-third of all Americans while about one million American live with 
HIV, it is futile to assert, as one article headline on AIDS Day last year stated that 
“Belt-tightening can’t apply to AIDS.” 

 Looking back, the AIDS pandemic came on the scene at precisely the moment 
that the world was most con fi dent about its ability to eradicate infectious diseases. 
It was in 1979 that WHO certi fi ed smallpox as extinct, a mere 12 years after WHO 
launched an intensive program to eradicate the disease. As late as the early 1950s, 
there were 50 million new cases of smallpox each year worldwide. It was in the face 
of such triumphalism that AIDS burst on the scene. Upon the discovery of the HIV 
virus in 1981, Margaret Heckler, then Secretary of Health and Human Services, 
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declared in 1984 that an HIV vaccine would be tested in 2 years. Such hubris turned 
out to be foolhardy. 

 Throughout human history, man had always coexisted with pathogenic micro-
organisms. Such is the design of nature. It is a struggle for survival between the 
microbes and the human race. From time to time, the pathogens would have the 
upper hand and a swathe of humanity would be wiped out from the face of the earth 
such as the bubonic plague which killed a third of the European population in the 
fourteenth century, or the Spanish  fl u pandemic of 1918 which killed at least 50 
million people worldwide. Less spectacular but more frequent outbreaks of chol-
era, measles, smallpox, in fl uenza, typhus, and tuberculosis would claim tens of 
thousands or even millions of lives in each episode. In all cases, the human race 
survived and a new equilibrium was re-established between man and the patho-
genic microbe. Other than smallpox, there has not been another infectious disease 
that has been eradicated throughout human history. Science, together with history, 
does not support a case that AIDS will be extinguished from the face of the earth. 
More than likely, the end game will be an uneasy equilibrium between man and the 
HIV virus. 

 While science and science-based modern medicine have done so much to improve 
the human lot, we must not be lulled into the false belief that science is omnipotent. 
For the battle with HIV/AIDS, we would do well to push the frontier of science as 
if it has no limits, but work with other approaches concurrently as if future science 
will not be able to deliver a solution, at least not one that will come soon enough. 
Sound and robust public health endeavors in dealing with the HIV/AIDS problem 
have never been more important to the continuing well-being of the human race.

Newton, MA, USA Gerald L. Chan, Sc.D.
Boston, MA, USA  
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   AIDS: A Public Health Crisis Forcing Improvement of Public 
Health Systems Worldwide 

   If you understand AIDS, you understand public health. There’s almost no aspect of behav-
ior, policy, basic science, statistics, epidemiology, nutritional interventions—everything—
that does not touch HIV/AIDS. 

 Max Essex (Harvard Public Health Review, November 2011)   

 For public health workers in developing countries, working on AIDS prevention 
and control requires a broad range of social skills and special knowledge not taught 
in public health schools. Many of us from public health schools have often been 
impressed by what local AIDS workers in Africa and Asia have accomplished in 
terms of providing help to AIDS patients in resource-poor regions. Publishing this 
book is part of our continuous effort to encourage the world to learn about how and 
what these AIDS workers in developing countries have done in the  fi ght against the 
AIDS pandemic, in the hope that with such encouragement, more and more public 
health students and workers will devote their careers to AIDS prevention and treat-
ment. We also hope that this book will provide a source of inspiration for more 
people to become interested in various international or local AIDS programs any-
where or everywhere in the world. Unlike other infectious diseases that come and 
go, such as SARS in 2003 and the H1N1 “Swine Flu” in 2009, AIDS came to stay. 
The challenges facing AIDS workers today will surely face many generations of 
AIDS workers in the years to come. 

 Being an AIDS worker in a developing country or a resource-poor region might 
mean raising funds to build a clinic, a school, a nursing home, or even a paved road 
connecting a village to the outside world; or being a social activist  fi ghting to obtain 
funds for public health costs from local or national governments; or a clinician who 
may need to be able to deal with any kind of medical emergency as the only doctor 
or nurse in the entire village. Treating AIDS patients effectively requires the most 
advanced modern medical knowledge. The new antiretroviral drugs are based on 
very recent scienti fi c discoveries and created by major investments of research and 
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development. Tens of thousands of AIDS workers have successfully used these 
drugs in developing countries and resource-poor regions to save lives and prevent 
newborn babies from being infected by their infected mothers. As described in this 
book, these AIDS workers often accomplished their mission in “impossible” envi-
ronments, working under extremely harsh living conditions in places with no exist-
ing public health infrastructure. 

 The idea of publishing this book was conceived when we conducted our annual 
AIDS medical training courses and research workshops in China. Many of us from 
public health schools sat together trying to  fi gure out which new medical training 
topics in antiretroviral (ARV) treatment and which new research discoveries we 
should bring in to each group of trainees. We, as instructors in these courses, were 
also students ourselves, as we learned from our trainees and from each other. We 
soon realized that public health students back home or around the world, some of 
whom will hopefully become future AIDS workers, could bene fi t from reading the 
presentations of these workshops. We decided to include one chapter to describe the 
prevention of mother-to-infant transmission in some remote villages in China where 
modern prenatal medical care did not previously exist, and one chapter to describe 
how free ARV treatment was started and maintained in some poor villages that 
lacked very basic public health infrastructure or even paved roads connecting them 
to the outside world. We included one of the most popular presentations in the past 
training courses where the trainees learned how India dealt with ARV treatment 
because AIDS workers in China faced similar challenges. We speci fi cally selected a 
presentation that described the ARV treatment programs in Africa, which were made 
possible by the US President’s Emergency Plain for AIDS Relief (PEPFAR). In 
order to elicit more strategic thinking about the future of the global ARV treatment 
program and for public health students to get prepared for more challenges to come, 
we included a chapter by some of the researchers who  fi rst proposed the concept of 
ARV prophylaxis. We also included a chapter by a Chinese national public health 
of fi cial that addresses improving access to generic ARV drugs through international 
collaboration and speci fi c WTO rules. We also included a presentation trying to 
answer one of the most frequently asked questions in these workshops: when will 
most AIDS patients in the world have access to effective treatment? 

 The past 30 years of the AIDS pandemic have resulted in tens of millions of 
deaths, mostly in developing countries. This global tragedy will unfortunately con-
tinue into the foreseeable future. AIDS workers around the world have no choice 
but to  fi ght this dreadful disease with any and all tools they may have or acquire. An 
encouraging thought is that in trying to treat AIDS patients under very dif fi cult 
conditions, such AIDS workers have, at the same time, improved public health 
infrastructure. In some developing countries and resource-poor regions, AIDS 
workers are actually creating basic public health infrastructures that had eluded 
many generations of public servants before them. And the newly created public 
health services, despite their simplicities and need for improvement, provide foun-
dations and hope for future generations.

Boston, MA, USA Yichen Lu
 Max Essex   
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         Introduction 

 It has been about 30 years since AIDS was  fi rst recognized as a new disease  [  1–  3  ] . 
Within a year or two after the initial recognition of the disease in homosexual men, 
what appeared to be the same disease—severe and irreversible immunosuppres-
sion—was also recognized in other groups: injection drug users  [  4  ] , hemophiliacs 
 [  5  ] , blood transfusion recipients  [  6  ] , a few infants  [  7  ] , and people in Africa  [  8  ] . 
Within 2–3 years after the initial recognition of AIDS as a disease, the cause was 
identi fi ed, a new human lentivirus that was initially called human T-cell lymphotro-
pic virus III  [  9  ] , or lymphadenopathy-associated virus  [  10  ] . 

 At the time HIV was identi fi ed as the cause of AIDS, many in the public health 
community thought that a vaccine against AIDS could be rapidly developed. 
Effective vaccines had already been developed against a wide variety of viral dis-
eases. Despite more than 25 years of research, we are still many years away from 
the availability of an ef fi cacious HIV vaccine. 

 Most other approaches for preventing the spread of HIV among adults have had 
only modest success. These include the broad categories of education and behavior 
change, condoms, and vaginal microbicides that contain broad-spectrum ingredi-
ents rather than antiretroviral drugs (ARVs)  [  11  ] . The circumcision of males has 
been moderately effective, with estimates of about 60% protection usually cited 
 [  12  ] . Other sexually transmitted infections, especially Herpes, are associated with 
increased risk for infection with HIV  [  13  ] . Yet the successful treatment of genital 
Herpes with acyclovir did not decrease risk of transmission of HIV  [  14  ] . When 
considered together, interventions to prevent HIV infection have been disappointing, 
especially in sub-Saharan Africa where the epidemic is most severe.  
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   Southern Africa and HIV-1C 

 It has been estimated that more than 70% of the world’s HIV infections are in 
sub-Saharan Africa, which represents about 10% of the world population 
(Table  1.1a ). Prevalence rates of HIV are particularly high in southern Africa, per-
haps 3–5 times higher than the other regions of sub-Saharan Africa, where it has 
been estimated that up to 25% of adults aged 15–49 may be infected in some coun-
tries  [  15  ] . The southern African region has more than one-third of the world’s HIV 
infections, with less than 2% of the world’s population. The country of South Africa 
has about one-quarter of all infections in sub-Saharan Africa, with just 6% of the 
population in sub-Saharan Africa (Table  1.1b ).  

   Table 1.1    Estimated prevalence of HIV in adults, 2009   
 (a) Geographical regions 

 Region  Population a  
 % of world 
population a  

 Mean 
prevalence b  

 Total 
infections a  

 % of world 
infections 

 World  6,792.89  100  0.8  33.3  100 
 Asia  3,771.39  55.5  0.1  4.9  14.6 
 Sub-Saharan Africa  788.23  11.6  5.0  22.5  67.6 
 Southern  134.37  2.0  13.9  11.3  33.9 
 East  133.38  2.0  5.6  4.5  13.5 
 West  298.83  4.4  2.7  4.7  14.1 
 Western and Central Europe  607.81  8.9  0.2  0.8  2.4 
 North America  451.71  6.6  0.5  1.5  4.5 
 Central and South America  431.42  6.4  0.5  1.4  4.2 
 Middle East and North Africa  292.92  4.3  0.2  0.5  1.4 
 Eastern Europe and Central 

Asia 
 273.20  4.0  0.8  1.4  4.2 

 Caribbean  35.23  0.5  1.0  0.2  0.7 

 (b) Estimated prevalence of HIV in adults, selected countries in sub-Saharan Africa, 2009 

 Country  Population a  
 % SSA 
population 

 Mean 
prevalence b  

 Total 
infections a  

 % SSA 
infections 

 Botswana  1.99  0.3  24.8  0.3  1.4 
 Burkina Faso  15.75  2.1  1.2  0.1  0.5 
 Kenya  39.71  5.2  6.3  1.5  6.7 
 Malawi  15.03  2.0  11.0  0.9  4.1 
 Nigeria  157.47  20.5  3.6  3.3  14.7 
 Senegal  12.01  1.6  0.9  0.1  0.3 
 South Africa  49.05  6.4  17.8  5.6  24.9 
 Swaziland  1.34  0.2  25.9  0.2  0.8 
 Tanzania  41.05  5.3  5.6  1.4  6.2 
 Uganda  32.37  4.2  6.5  1.2  5.3 

   a In millions 
  b In adults, from UNAIDS  [  15  ]   
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 The reasons why the epidemic is so much more severe in southern Africa are not 
clear. They may include lower rates of male circumcision and different patterns of 
sexual behavior, such as multiple concurrent partnerships  [  16  ] , but increasing evi-
dence also suggests that HIV-1C, the viral subtype that dominates in the area, may 
be more transmissible by heterosexual contact  [  17  ] . The HIV-1C of southern Africa 
has extra NFkB sites in the long terminal repeat region of the virus, which enhance 
transcriptional activation  [  18  ] . The HIV-1C virus envelope maintains high af fi nity 
for infection through the CCR5 coreceptor on macrophage and T4 lymphocyte cell 
membranes  [  19  ] . By contrast, HIV-1B and HIV-1D, which seem less ef fi ciently 
transmitted, often evolve to lose CCR5 tropism after prolonged periods of infection, 
to become dependent on the CXCR4 coreceptor. This may be particularly important 
for infection via the reproductive tract, where it appears that only CCR5-type viruses 
are infectious because cells with the other major co-receptor, CXCR4, are not pres-
ent at the mucosal surfaces of the reproductive tract  [  20  ] . Langerhans cells, which 
probably represent the main target for infection at the vaginal junction with the 
uterine cervix, and in the foreskin of the penis, are easier to infect with CCR5-type 
viruses  [  21  ] . Higher overall viral loads (VLs) have also been reported for HIV-1C 
 [  22,   23  ] , and this virus grows better in gut-associated lymphoid tissues, which are 
thought to be a primary site for initial expansion of the infection  [  24  ] .  

   Treatment with Antiretroviral Drugs 

 In contrast with the lack of success in making an HIV vaccine, it was soon clear that 
ARVs could be used to treat people with HIV/AIDS. By about 1988, the  fi rst drug, 
zidovudine (ZDV), was available  [  25  ] . Within 5 or 6 years, various new drugs that 
acted on the viral reverse transcriptase or on the viral protease were available. It was 
soon clear that the drugs could save the lives of AIDS patients when used in appro-
priate combinations. All the drugs worked by blocking the intracellular replication 
of HIV, lowering VL so that little virus was left to kill immune cells. By 1994, it was 
also apparent that ZDV given to an HIV-positive pregnant woman could reduce 
the risk that she would infect her child during gestation or delivery  [  26  ] , setting the 
precedent that such drugs could be used for prophylaxis. 

 Despite evidence that the drugs worked so well in the USA and Europe, they 
would not be widely available in most developing countries for many years. The 
drugs were expensive, and many international health experts were not convinced 
that they could be used effectively outside of modern hospital settings. There was 
concern that patients in developing countries might not be as adherent to the required 
schedules for taking pills, and lack of adherence was known to give rise to drug 
resistance. The HIVs in Africa were also different subtypes, and little was known 
about how the viral sequence differences might affect rates and patterns of drug-
resistance development, as well as the  fi tness for transmission of drug-resistant 
variants. 
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 Although some differences in drug-resistance patterns were observed with 
HIV-1C in southern Africa, it was soon apparent that the treatment of AIDS patients 
with ARVs could be just as effective in Africa as in the USA and Europe, assuming 
drugs were available  [  27  ] . By 2002 or 2003, many countries in Africa began using 
ARVs in limited populations. International governmental and nongovernmental 
donor organizations succeeded in obtaining deep reductions in drug prices, and the 
funding for programs to provide free drugs, such as the President’s Emergency 
Plan for AIDS Relief (PEPFAR) and the Global Fund, became available. In Africa, 
about one-third of HIV-infected people who need drugs for clinical AIDS may be 
receiving these drugs. In some countries, such as Botswana and Namibia, a much 
larger proportion of AIDS patients receive the drugs. Typical criteria for initiation 
of highly active antiretroviral treatment (HAART) are an AIDS-de fi ning illness and/
or a lowering of CD4 count to 200 or 250, though more countries are now consider-
ing initiation when CD4 levels fall below 350. Typical three-drug combinations 
used have been Trimmune—a formulation including stavudine (d4T), lamivudine 
(3TC), and efavirenz (EFV)—or combivir, which includes ZDV with 3TC, and 
either nevirapine (NVP) or EFV. More recently, the combinations of d4T and 3TC 
or ZDV and 3TC are increasingly replaced with Truvada, which is a two-drug com-
bination of tenofovir and emtricitabine, as the latter combination may cause fewer 
early side effects.  

   Prevention of Mother-to-Child Transmission 

 Following the evidence that ZDV alone could reduce mother-to-child transmission 
(MTCT) when given in utero in the developed world  [  26  ] , various approaches were 
tested for prevention of mother-to-child transmission (PMTCT) in developing coun-
try settings. These ranged from dosing with ZDV for longer vs. shorter periods in 
late gestation and immediately after birth in Thailand, to a trial in Uganda that tested 
whether NVP chemoprophylaxis could still reduce MTCT if given only when the 
mother  fi rst presented at the time of labor  [  28  ] . Surprisingly, even when NVP was 
only given at birth, it still reduced MTCT by up to 50%. This was thought to be 
particularly important for poor country settings where pregnant women often did 
not come to health clinics until very late in gestation. 

 Other studies showed that using more drugs worked better than using fewer drugs 
 [  29,   30  ] , and that drugs given to breastfeeding infants could also lower the risk of 
infant infections that occurred through the mother’s milk  [  30,   31  ] . In all cases, there 
was a strong correlation between reductions in viral RNA levels in blood and breast 
milk and reduced risk that the infant would be infected at any of the three stages of 
risk: gestation, delivery, and breastfeeding. The most dramatic reductions in MTCT 
occurred when the mother was initiated on three-drug HAART by week 27 of gesta-
tion and remained on HAART while breastfeeding  [  30  ] . Even though this resulted 
in very low levels of viral RNA in milk, it did not cause lower levels of cell-
associated proviral DNA  [  32  ] , and earlier studies suggested that some breastfeeding 
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MTCT might be due to cell-associated DNA  [  33  ] . Nonetheless, the results when 
HAART was used throughout breastfeeding and the last one-third of gestation were 
dramatic, with less than 1% of infants becoming infected with at least two different 
three-drug HAART regimens  [  30  ] . These reductions were as great as those seen 
with chemoprophylaxis used during pregnancy in developed countries, even when 
formula was used in place of breastfeeding. Formula feeding to replace breastfeed-
ing was also tested in some developing countries, but usually abandoned because 
the use of unclean water to prepare the formula resulted in unacceptable rates of 
other water-borne diseases  [  31  ] .  

   Antiretroviral Drugs to Prevent Sexual Transmission 

 With the recognition that most prevention interventions that did not include ARVs 
were insuf fi ciently effective, and that ARVs worked very well in developing coun-
tries for both AIDS treatment and PMTCT, enthusiasm also rose for using ARVs for 
prevention of adult infections. Potential interventions included the use of ARVs for 
Pre-Exposure Prophylaxis (PrEP) with either systemic use of drugs to high-risk 
subpopulations, or as localized intravaginal microbicides  [  34,   35  ] . At the same time, 
some advocated the use of HAART in all HIV-infected adults as a way of reducing 
transmission as well as treatment for disease  [  36,   37  ] . While such an approach 
should be effective if accompanied by widespread testing to identify as many HIV-
positive people as possible, it seemed to be prohibitively expensive. At a time of 
global economic depression in the af fl uent countries, many agencies were question-
ing the sustainability of ARVs at current treatment levels in the developing world. 

 These observations were coming at a time when there was increasing optimism 
that ARVs could also be used to prevent transmissions in adults. Vaginal microbi-
cides with ARVs like tenofovir showed protective bene fi t, and PrEP studies hold 
great promise  [  34,   35  ]  (see Table  1.2 ).   

   Targeting the Transmitters 

 The highest VLs are observed during acute infection  [  41,   42  ]  and years later when 
AIDS-de fi ning illness is present and T-lymphocyte counts are falling rapidly. Acute 
and early infection has also been associated with the highest rates of transmission, 
because high blood VL is associated with high VL in reproductive tract  fl uids. Also, 
recently infected individuals are less likely to know they are infected as compared 
to those who have become ill after several years of infection, and they are more 
likely to feel healthy enough for sexual activity. Studies with discordant couples and 
other at-risk populations have shown a quanti fi able increase in transmission associ-
ated with each increase in VL  [  43  ] . 
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 Recent studies by our group in Botswana revealed that up to one-third of recently 
infected people had VLs of  ³ 50,000 per ml of blood that were maintained for at 
least 6 months after seroconversion, and the median duration of the high VL in this 
group was 350 days  [  44,   45  ] . This invites the hypothesis that such individuals could 
be responsible, at least in part, for the very high prevalence rates of HIV that are 
seen in southern Africa. It also suggests the possibility that selectively targeting this 
subset of individuals could be particularly effective in a “test and treat” approach for 
prevention of new infections. 

 If a “test and treat” strategy were undertaken in a particular region or locale, and 
most sexually active adults agreed to be tested for VL, we estimate that a large pro-
portion of potential transmitters could be eliminated from the transmission pool if 
they took HAART  [  45  ] . To identify such individuals with extended early high VL, 
particularly those who are not yet eligible for treatment based on disease criteria or 
low CD4 counts, it will be necessary to utilize VL tests rather than just antibody 
tests at routine voluntary testing and counseling centers. Dried blood spot (DBS) 
screens can be done with a  fi nger prick, negating the need for phlebotomy at the  fi rst 
visit. The DBS tests may not be as sensitive for detecting small  fl uctuations, particu-
larly low VL, as might be needed for evaluating early changes in drug resistance. 

   Table 1.2    Biomedical research approaches to prevention of HIV/AIDS   

 Category  Results  Comments  Reference 

 Vaccine  Generally 
poor 

 One recent design gave borderline 
ef fi cacy, highly ef fi cacious vaccine 
unlikely for at least a decade 

 Rerks-Ngarm 
et al.  [  38  ]  

 Treatment of 
venereal Herpes 

 No bene fi t  Control of Herpes replication in 
coinfected individuals gave no bene fi t 
in reducing transmission of HIV 

 Celum et al.  [  14  ]  

 Male circumcision  50–60% 
protection 

 Randomized controlled trials showed 
clear ef fi cacy. Inexpensive 

 Quinn  [  12  ]  

 Microbicides-broad 
spectrum 
disinfectants 

 No bene fi t  Some even showed increased risk for 
infection, presumably through 
damage to mucosal surfaces 

 Balzarini and 
Van Damme 
 [  11  ]  

 Microbicides-
antiretroviral 
(ARV) drugs 

 Some bene fi t  Vaginal Tenofovir gel gave 39% 
protection in recent trial 

 Abdool Karim 
et al.  [  34  ]  

 Prevention 
mother-to-child 
transmission 
with ARV 

 Excellent  Three-drug combinations prevent 
virtually all transmissions during 
pregnancy, birth, and breastfeeding 

 Shapiro et al.  [  30  ]  

 Postexposure 
prophylaxis 
with ARV 

 Apparently 
excellent 

 Occupational exposures followed by 
rapid ARV appear effective but not 
based on randomized trials 

 Bouvet et al.  [  39  ]  

 Preexposure 
prophylaxis 
with ARV 

 Bene fi cial  Ef fi cacy in men who had sex with men 
who adhered to ARV regimen 

 Grant et al.  [  35  ]  

 Test and treat with 
ARV 

 Bene fi cial  High ef fi cacy in discordant couples trial; 
no results available at community level 

 Cohen et al.  [  40  ]  
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However, for the semi-quantitative detection of high VL associated with transmission, 
such as 50,000 or 100,000, the DBS screen seems appropriate. 

 Recently, a study in discordant couples evaluated antiretroviral treatment (ART) 
to the infected partner to determine whether this decreased transmission between 
adults  [  40  ] . All HIV-infected partners were given ART after they reached lower 
CD4 levels, but half of those in a higher CD4 range were also given ART to deter-
mine whether it would reduce transmission. Using only matched transmissions, 
where it could be veri fi ed that the uninfected partner became infected from the 
index case, transmissions were reduced by 96% in couples where the index case 
received ART. Evidence for linkage of the infections to the index case was estab-
lished by comparing the sequence of the newly infecting virus to the sequence of the 
HIV in the infected partner.  

   Cost-Effectiveness 

 For various governments, foundations, and international agencies, a major concern 
is the sustainability of ART for AIDS patients in low-income countries. The effec-
tiveness of the treatment has been established. Patients appear to have high rates of 
adherence to their medications  [  27  ]  resulting in low rates of drug resistance  [  46  ] . If 
the cost of treatment is at least $500–1,000 per year, similar to the entire per capita 
income, patients on ART live for more than 20 years, and 10–25% of adults are 
infected (as is the case in most countries in southern Africa), it is easy to see how 
 fi nancial sustainability may be questioned. If, for example, deaths from HIV/AIDS 
are reduced by 75% through treatment, then the total number of HIV-infected adults 
will go up unless new infections are decreased by 75%. 

 The universal use of ART for all HIV-infected adults has been proposed by several 
groups as a strategy to prevent new infections  [  36,   37  ] . However, this strategy would 
increase the global cost by a large proportion, at least for a decade or more. A logical 
cost-effective alternative would be to selectively treat only those HIV-infected indi-
viduals with high VL  [  45  ] , in addition to those who qualify based on AIDS-de fi ning 
illness or low CD4 lymphocyte numbers. This subset, which corresponds to 20–30% 
of infected individuals with HIV-1C infections in southern Africa, also lose CD4 
lymphocytes more rapidly than others, meaning that they would usually qualify for 
disease-based HAART in 1–3 years rather than 4–6 years, as would those with 
lower VLs. Concentrating “treatment for prevention” on those with “extended 
acute” high VL should thus be cost-effective within very few years, and cost-saving 
long before a “treatment for all” approach.  

   Conclusions 

 Research to develop an ef fi cacious vaccine for HIV/AIDS has been disappointing. 
This has been particularly discouraging for sub-Saharan Africa, where HIV trans-
mission has been much more prevalent. Rates have been especially high in southern 
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Africa, which has about one-third of the world’s HIV infections in less than 2% of 
the world’s population. ART for AIDS has been highly successful throughout the 
world. ARVs for PMTCT has also shown very high ef fi cacy when three-drug com-
binations are used. Recently, ARVs have also shown interesting promise in micro-
bicides and prevention of infection in men who have sex with men. We have 
proposed the use of ARVs for prevention in subpopulations of heterosexuals in 
southern Africa who have sustained high VL. Because this intervention would be 
limited to those most likely to transmit, who are also most likely to progress rapidly 
to disease, it should be more cost-effective than generalized treatment of all HIV-
infected individuals.      
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      Introduction 

 Yunnan Province is the origins and heartland of China’s AIDS epidemic. While the 
epidemic was for many years concentrated among injecting drug users, over the past 
few years it can be characterized as an epidemic driven as much by sexual transmis-
sion. Sixty-four percent of newly identi fi ed cases in 2009 are attributable to hetero 
and homosexual transmission  [  1  ] . With increased sexual transmission naturally 
comes the increased risk of vertical transmission from mother to baby in utero, dur-
ing labor and delivery, or through breastfeeding. In 2009, 1.5% of newly reported 
cases were cases of mother-to-child transmission (MTCT)  [  1  ] . The national and pro-
vincial governments have invested heavily to combat the spread of the AIDS epi-
demic in Yunnan, initially with a focus on harm reduction programs for drug users 
and in more recent years extending the work to other populations and transmission 
routes as well. In 2003, the national prevention of mother-to-child transmission 
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(PMTCT) program was piloted in two Yunnan counties. Three years later all 129 
counties in Yunnan were covered in the national PMTCT program that recommended 
and provided azidothymidine (AZT) starting at 28 weeks gestation plus single-dose 
nevirapine (sdNVP) during labor and delivery for the mother and neonate, a protocol 
that in combination with safe feeding practices can bring transmission rate as low as 
1.8% according to one study  [  2  ] , although with risks of inducing drug resistance for 
women who may later require treatment for their own disease. In practice, because 
many women are identi fi ed as HIV infected only when they present at the clinic in 
labor, the use of sdNVP, associated with a 10.8% transmission rate  [  3  ] , is still highly 
prevalent. In the national PMTCT program, infants are diagnosed by antibody test 
after 18 months of age when maternal antibodies are no longer present in the child’s 
blood. Twelve months of formula feeding are provided as well. 

 In this context, in 2005 the Aaron Diamond AIDS Research Center (ADARC) in 
partnership with the Yunnan Province Bureau of Health launched a demonstration 
project to test the safety, effectiveness, and feasibility of providing highly active 
antiretroviral therapy (HAART) for HIV-infected pregnant women to interrupt HIV 
transmission to their infants in 18 counties in Yunnan (Fig.  2.1 ). The following year 

  Fig. 2.1    Geographic distribution of PMTCT project counties. Figure adapted from: Zhou, Z, 
Meyers, K, Li, X, et al. (2010). Prevention of mother-to-child transmission of HIV-1 using highly 
active antiretroviral therapy in rural Yunnan, China.  Journal of Acquired Immune De fi ciency 
Syndromes , 53(Supplement), S15–S22       
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the Elizabeth Glaser Pediatric AIDS Foundation (EGPAF) joined these efforts and 
provided an additional 3 years of support to develop a model of PMTCT that 
expanded out from the mainly clinical focus to take on a more comprehensive pub-
lic health approach. The program has since expanded to 132 township and county 
facilities in eight counties. The provincial AIDS treatment authority, the Yunnan 
AIDS Care Center and a Kunming-based NGO, the Yunnan AIDS Initiative have 
been tasked with implementation of the program. Finally, in 2009, with support 
from Hong Kong’s Zeshan Foundation, the program added an additional component 
to integrate screening and PMTCT of hepatitis B virus (HBV) infection and syphilis 
with HIV in six counties to explore the feasibility of packaged testing as a part of 
standard antenatal care (ANC) services.   

   Program Design 

   Mobilization of Leaders 

 Local leadership support and buy-in are critical in the increasingly decentralized 
system of governance that has developed in China since opening and reform began 
in 1978. In the context of a complex public health intervention like PMTCT, “local” 
captures multiple tiers of administration and bureaucracy across multiple sectors. 
Key leaders include Bureau of Health administrators at the provincial, prefecture, 
and county levels; administrators of all health facilities participating in the program; 
administrators from the prefecture and county centers for disease prevention and 
control (CDC); township and village administrative leaders; and women leaders at 
all the program sites. The support of all these individuals does not only have to be 
built at the onset of the program but also must be maintained over time. Over the 
course of 6 years, leaders often get promoted or demoted, or they change sectors 
entirely, thereby requiring investment of time and resources by the program team 
into advocacy across the life of the program.  

   Establishment and Strengthening of PMTCT Network 

 Across most of Yunnan, the county is the lowest level on the administrative hierarchy 
able to provide HIV/AIDS services from testing to ARV (antiretroviral) treatment, 
including PMTCT interventions. Administratively this makes sense, as the number 
of HIV-infected cases distributed in each county is not overwhelmingly large. 
However, Yunnan’s mountainous terrain and underdeveloped road infrastructure 
make access to county health facilities very challenging for the majority of rural 
residents. Their most regular point of contact with the health system is at the town-
ship and village level. 

 To address this critical access issue our program sought to build the capacity of 
township and village level health workers to take over critical elements of PMTCT 
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services, and to form close vertical linkages with the county-level maternal child 
health (MCH) clinic. At the same time, the program also stressed the need for strong 
horizontal referrals between the MCH and the CDC and hospitals for laboratory 
tests and follow-up of HIV-positive women beyond their perinatal period.  

   Improving HIV Counseling and Testing 

 Improving the quality and reach of counseling and testing was a focal point of 
the program. Yunnan policy demands universal screening of pregnant women 
and premarital couples and this provides the critical regulatory basis of our work. 
Our program sought to overcome the implementation challenges in carrying out this 
directive, and to ensure that the services provided were effective vehicles for pro-
moting HIV prevention education for the 99% of women who remain uninfected. 
The speci fi c areas we worked on include: expanded coverage of counseling and testing 
out from county health facilities to township and village level; improved HIV coun-
seling of all pregnant women at ANC and labor and delivery; improved coordina-
tion of the MCH with the civil affairs bureau so that all premarital registrants will 
be counseled and tested for HIV.  

   Optimal PMTCT Services for HIV Pregnant Women 

 In the USA and Europe, vertical transmission has been virtually eliminated with 
HAART-based PMTCT regimens. The effectiveness of perinatal ARV prophylaxis, 
safe delivery methods, and formula feeding in reducing rate of MTCT from 30% to 
40% down to less than 2% has been thoroughly demonstrated  [  4  ] . A primary pro-
gram objective was to demonstrate that even though rural Yunnan is a resource-
limited setting, it was possible to deliver interventions according to international 
standards, and achieve results comparable to developed nations. Together the 
Yunnan Health Bureau and ADARC set out to demonstrate the feasibility, safety, 
and ef fi cacy of HAART prophylaxis for PMTCT at our project sites, with the hope 
that the results can be used to advocate for the adaptation of this project model 
across China.  

   Continued Care and Support for HIV-Positive Women 
and Families 

 Yunnan HIV/AIDS guidelines state that after pregnancy, HIV-infected women who do 
not require HAART should be referred to the CDC for follow-up, and women who 
reach treatment criteria shall be referred to the county comprehensive hospital for 
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HAART treatment. This program not only provided technical support to the MCH 
hospitals, but also worked closely with the CDC and the comprehensive hospitals to 
facilitate the linkage between PMTCT and care and treatment. In addition, we provided 
support for each program county to establish positive women and family support 
groups as a platform for women and their families to share their experiences and pro-
vide mutual support. Doctors could also use these positive support group meetings as 
opportunities to reinforce various health knowledge and practices, such as adherence to 
ARV therapy and infant feeding support.   

   Method 

   County and Facility Site Selection 

 Sites were selected based on HIV-1 prevalence among ANC clients, existing 
HAART services at the county hospital, and some experience in PMTCT interven-
tions. Among the 18 sites selected, 13 were county-level MCH clinics, 4 were pre-
fectural-level MCH clinics, and 1 was a municipal MCH clinic in the provincial 
capital of Kunming. HIV prevalence rate among the pregnant women population at 
the 18 sites ranged from 0.4% to 2% enrollment began at  fi ve sites in 2005, nine 
more in 2006, two in 2008, and two more in 2009. Half of the counties are desig-
nated poverty counties by the national and provincial governments, and seven coun-
ties have an average per capita income of less than $1 a day. 

 In addition to selecting geographic sites, we selected speci fi c facilities in which 
to push services out to the periphery. Speci fi cally, after EGPAF joined the program 
in 2007, we selected townships with the highest number of cases as focal points in 
which to invest in the capacity-building of village doctors and township hospitals to 
identify pregnant women early in gestation, provide basic HIV and PMTCT infor-
mation, and either provide HIV rapid test to pregnant women in the village, or refer 
them to the township health center for HIV testing. At the township level, we worked 
with the MCH system to distribute HIV rapid test kits at all the township health 
centers and integrate HIV counseling and testing as a routine part of ANC and labor 
and delivery services.  

   Enrollment into Clinical Program 

 Eligibility criteria for pregnant women to be enrolled into the program to receive 
HAART prophylaxis were the following: they planned to deliver their babies; they 
were able to give written informed consent; and they did not intend to move outside 
the county during the pregnancy period. Women not enrolled met one or more of 
the following exclusion criteria: serious opportunistic infection or AIDS-related 
tumor; abnormal liver or renal function; co-infected with hepatitis B or C virus; 
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severe anemia, thrombocytopenia, and leukopenia; serious risk of other pregnancy 
complication; acute or chronic pancreatitis; alcohol or drug addiction; and serious 
psychiatric illness. Those who did not meet the quali fi cations were enrolled into the 
government PMTCT program.  

   Intervention 

 All women received HAART, beginning as early as the 14th week of pregnancy. 
Planned C-sections were recommended if the duration of HAART was short or viral 
load late in pregnancy was high. Neonates were given sdNVP within 24 h of birth 
and 1 week of AZT if the mother had been on treatment for more than 4 weeks at 
the time of labor. Otherwise, neonates were given 4 weeks of AZT. Parents were 
counseled to formula-feed their baby exclusively, and follow-up visits were sched-
uled at 1 week, 1 month and once a month thereafter, and immediately in the event 
of any health problems. 

 Dry blood spots (DBS) from HIV-exposed infants were collected in each project 
county. Samples were shipped through the postal service at room temperature to the 
Yunnan AIDS Care Center laboratory, which has been certi fi ed to perform DNA 
PCR. Genomic DNA was isolated from DBS by extraction using a polyvalent cat-
ionic resin, chelex 100 (Biorad, Marnes-la-Coquette, Paris, France). HIV-1 DNA 
(gag, pol and env gp41 regions) was detected by two rounds of PCR ampli fi cation. 

 Women with CD4 counts above 350/mm3 at enrollment discontinued treatment 
after delivery, unless their CD4 had fallen below 350/mm3. These women were 
referred to the county CDC for regular follow-up. Women with CD4 counts below 
350/mm3 at enrollment were referred to the local government-designated ARV 
treatment hospital 6 weeks postdelivery to continue treatment.   

   Key Lessons and Results 

   Sustained Advocacy at Multiple Levels 

 Our leadership advocacy efforts focused  fi rst on the Yunnan Provincial Bureau of 
Health. At this level, it was bene fi cial to have internationally well-known experts 
such as Dr. David Ho, Director of the Aaron Diamond AIDS Research Center, at 
meetings with provincial Bureau of Health leadership to explain the signi fi cance of 
the program, and its potential contribution to overall HIV/AIDS prevention and 
treatment in Yunnan. The provincial Bureau of Health recognized the signi fi cance 
of the program very quickly and at program initiation gathered all the heads of 
prefecture to sign of fi cial program responsibility documents. 

 The next step was the integration of a leadership advocacy component into our 
trainings at each level. In addition to the health providers who directly provide PMTCT 
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services, we required county Bureau of Health, MCH and hospital administrators to 
attend nontechnical parts of the trainings designed to raise their awareness of the 
importance of PMTCT, and empower them to take on responsibility of local PMTCT 
work from a management perspective. Even though the government had designated 
HIV prevention and treatment work, including PMTCT, as a priority, many local lead-
ers did not see HIV as a signi fi cant concern in their area. Many of them confessed to 
coming into our training with the intention of sleeping through it. However, through 
our continued effort, these leaders grew to appreciate the signi fi cance of PMTCT in 
the context of HIV and women and children’s health, and to see the program as an 
opportunity to strengthen their local health system. 

 Finally, leadership advocacy requires sustained efforts. Throughout the program, 
we maintained close communication with county administrators whenever we 
traveled to counties on site visits. The administrators were invited to program 
conferences so they could be updated on program progress and participate in plan-
ning and implementation of next steps. Leadership changes occurred frequently 
throughout the life of the program. It was critical to learn of these changes as quickly 
as possible so that we could inform the new administrators of the program and 
secure their support.  

   Improved Quality and Coverage of HIV Counseling and Testing 

 While the ef fi cacy of interventions to reduce the rate of vertical transmission is 
extremely high, the critical  fi rst step is the identi fi cation of HIV-positive pregnant 
women. Expanding counseling and testing coverage to capture women who are not 
seen at county health facilities was therefore an instrumental component of our 
program strategy. 

 The  fi rst challenge was to build up capacity of township and village health workers 
to provide high-quality counseling and testing services. We developed a training 
curriculum targeted to rural community level health workers. Most township and 
village doctors have no higher than a vocational high school education. While most of 
them had heard about HIV/AIDS through the media and through half-day training 
sessions administered by government health agencies, these trainings were peda-
gogically uninspired: usually monotonous in both style and method, with one per-
son lecturing in front to a hall full of attendees. Our training curriculum was adapted 
from the USCDC PMTCT curriculum, with a strong emphasis on HIV counseling, 
as that was the area we felt community health workers would be most directly 
involved. Each of our training workshops was limited to 40 people to facilitate the 
use of participatory training and learning methods. Workshops were usually 2 days 
in length, and we used a mixture of training methods including slide presentations, 
demonstrations, role-plays, games and activities, discussion groups, and videos. 
This integrated approach was not only effective in knowledge transfer but also facil-
itated the acquisition of practical skills, and promoted attitudinal change. For most 
village and township health workers, our training was a completely novel experience. 
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Trainees expressed that they had never known that trainings could be so informative 
and yet fun at the same time. Through our trainings, health providers noted that they 
became more con fi dent at providing HIV counseling and testing. They also embraced 
participatory training methods that they have now adapted for use in public educa-
tion events in their townships and villages. 

 Through these trainings, the program successfully increased coverage of HIV 
counseling and testing in rural areas. The number of pregnant women who received 
counseling and testing at township health centers more than doubled from 16,057 in 
2007 to 36,791 in 2009. Also, 249 village doctors trained by our program have 
started to provide HIV rapid testing at their village clinics, which is unique in all of 
China. The expansion of counseling and testing services out to the peripheral areas 
has translated directly into increase in coverage rates for HIV testing of pregnant 
women. HIV testing coverage increased from 46% of all pregnant women in 2005 
to 95% of pregnant women at all the sites in 2009. 

 The program also supported HIV counseling and testing of premarital couples. 
Marriage licensing is under the jurisdiction of the Civil Affairs Bureau, while the 
responsibility for HIV counseling and testing in this population lies with the MCH. 
In our project counties, the MCH coordinated with the local Civil Affairs Department 
either to set up counseling and testing windows at the marriage registration of fi ce, or 
to set up a referral system to the MCH for registrants. Gradually, HIV counseling and 
testing for premarital couples has also expanded out to the township health clinics in 
order to reach those rural couples who do not go to the county for registration.  

   Improved Clinical Services for PMTCT 

 An ARV regimen for HIV-infected pregnant women represents a critical component 
of comprehensive PMTCT interventions. Our work to improve early testing of 
pregnant women and early identi fi cation of positive women allowed our program to 
start more women on complex regimens earlier during their pregnancy. 

 When our program  fi rst started, health workers within the MCH lacked both knowl-
edge and experience in the administration of ARVs, which were the purview of infec-
tious disease doctors at speci fi cally designated hospitals. Given the novelty of PMTCT 
in China in 2005, often the  fi rst advice given to HIV-infected pregnant women was to 
terminate their pregnancy. For those who chose to continue their pregnancy, it was 
common for providers to only prescribe sdNVP during labor and delivery, even if the 
woman was identi fi ed as HIV-infected earlier in her pregnancy. Gradually some MCH 
doctors began to provide scAZT prophylaxis during pregnancy, which marked a 
signi fi cant step forward. However, most MCH health providers neither had suf fi cient 
understanding of the importance of CD4 testing and clinical staging, nor the capacity 
to perform CD4 test or staging at the MCH hospital. The most they could do was to 
refer patients to the CDC for further testing; however in the early years of China’s  
PMTCT program very few referrals were completed, thus missing a great opportunity 
to link up PMTCT with care and treatment. 
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 Technical support has focused on two areas to bolster the effectiveness and safety 
of optimal prophylactic intervention. One is to link up the MCH and its doctors with 
the ARV treatment system, both with the local comprehensive hospital’s infectious 
disease clinic and with the provincial body responsible for overseeing treatment, the 
Yunnan provincial AIDS Care Center (YACC). At the same time, we provided train-
ing and continuous support to the MCH obstetricians and pediatricians themselves 
to raise their con fi dence and skill levels in managing HAART prophylaxis for 
HIV-infected pregnant women. 

 Process indicators collected suggest that over time, implementation of the project 
has improved. First, the pace of enrollment of women into the HAART regimen in 
each county increased over the years. During the  fi rst 3 years of enrollment, a total 
of 88 women received HAART; in 2008 and 2009, 181 women who delivered dur-
ing these 2 years received HAART prophylaxis; and in 2010 alone, 121 women 
have been enrolled. Discussions with project staff and doctors reveal that they attri-
bute this increase in enrollment to earlier identi fi cation of HIV-infected pregnant 
women and greater con fi dence in their own skills. The early reluctance in treating 
HIV-infected pregnant women with HAART has been turned into  fi rm belief in 
HAART prophylaxis as the best option for PMTCT. As they learn to manage 
HAART for women, and more and more HIV-free babies are born to HIV-positive 
mothers under their care, not only have they become more con fi dent in themselves 
but also HIV-positive women come to trust that they can lead healthy lives and have 
healthy babies under the doctors’ care. Many doctors recalled how dif fi cult it was to 
follow-up with women in the  fi rst years of the program, but now most women 
actively seek the doctor’s counsel, and adhere well to their follow-up schedule. 

 The 390 women who have received HAART prophylaxis gave birth to 395 
babies, including  fi ve sets of twins. A total of three babies have become infected 
with HIV-1 in this cohort, an infection rate of 0.76%. 

 In addition to our technical guidance to strengthen linkages between PMTCT and 
treatment, and our training of health providers at the MCH system, the  fi nancial sup-
port provided through the program  fi lls resource gaps for necessary examinations and 
tests to closely monitor the health of the women on HAART. Our program ensured 
that standard blood work and physical examination were performed for the women at 
start of HAART and at regular intervals throughout their pregnancy. In addition, blood 
was drawn to measure CD4 counts and viral loads at the start of treatment, at labor and 
delivery, and at 1, 3, 6, and 12 months after initiation of HAART. Sixty- fi ve percent 
of the women had an undetectable viral load at the time of delivery, demonstrating 
the effectiveness of HAART as a prophylaxis. We also closely monitored for adverse 
effects in the women using HAART prophylaxis. While 37% of women reported 
some type of adverse reaction, most were short-term, light adverse reactions. Twelve 
women switched to an alternate regimen, no women discontinued treatment due to 
side effects, and all mothers in the cohort remain alive. 

 Overall, 49% of the women had CD4 counts less than 350/mm 3  at the start of 
HAART prophylaxis and continued on treatment after delivery. This underscores 
another important advantage of starting women on HAART for PMTCT: linkage to 
treatment can be established using PMTCT as an entry point.  
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   Introduction of Early Infant Diagnostics 

 Standard practice in China for infant diagnostics is ELISA testing of HIV-exposed 
infants at 12 months, followed by another ELISA con fi rmation at 18 months. With 
technical support from ADARC, we developed the capacity of the laboratory at 
Yunnan AIDS Care Center to perform DNA-PCR for HIV-exposed infants as early 
as 6 weeks. As the laboratory technique became reliable, more and more exposed 
infants were tested using DNA-PCR. Since we introduced early infant diagnostics 
(EID) at our program site in 2006, 428 HIV-exposed infants were tested using EID, 
which included not only infants of mothers enrolled into HAART prophylaxis, but 
of mothers enrolled into the national program as well. We have seen that the age of 
the babies for when the blood sample for DBS was collected has been signi fi cantly 
reduced as the program progresses. Among the 22 babies for whom we have test 
date in 2006 and 2007, the mean age of babies at blood draw was 109 days. Among 
95 babies tested in 2008 and 2009, the mean age of babies was 59 days.  

   Strengthened Health Network 

 The signi fi cant results we achieved in expanding early screening of pregnant women 
and improving PMTCT prophylaxis to reduce the rate of MTCT would not have 
been possible without strengthening the local health network as a whole. In order to 
strengthen health system networks, it was necessary to  fi rst raise local health work-
ers’ and administrators’ awareness on the importance of close collaboration between 
the sectors. When PMTCT work  fi rst started, many health providers held a rather 
limited view of PMTCT as providing prophylaxis for HIV-positive women who 
desired to have the baby, delivering babies by C-section, and providing them with 
formula provided by the government. Through the program, we gradually intro-
duced a more comprehensive approach to PMTCT. Using the WHO (World Health 
Organization) PMTCT 4 components as a basis, we advocated for a comprehensive 
approach of PMTCT using “three preventions and one care”; that is, primary pre-
vention, secondary prevention, prevention of MTCT, and care and treatment for 
positive women and families. 

 At the project’s inception many health administrators and providers were con-
cerned about the feasibility and necessity of implementing PMTCT services in such 
a comprehensive way. They understood that if a HIV-positive woman wanted to 
have the baby, then it was their responsibility to provide her and her baby with 
prophylaxis, deliver her baby at the hospital, and provide formula to feed the baby. 
But the idea of providing HIV counseling to every woman at ANC and labor and 
delivery, expanding counseling and testing service out to the township and village 
level where many doctors had nothing higher than a high school degree and no 
previous experience, giving HAART to women which would require close clinical 
and lab monitoring throughout the pregnancy, was daunting. There was also wide-
spread concern that if the MCH was going to lead such a systematic effort, the 
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stigma associated with AIDS would negatively impact the overall operation of the 
hospital. Fortunately, such fears turned out to be unfounded. 

 Instead, PMTCT program support for the county MCH enabled them to strengthen 
its network at the township hospital and village level, and led to improvements 
in rates of hospital deliveries, and strengthening of child immunization coverage. 
The various components worked in synergy: government-supported initiatives such 
as the new rural cooperative medical scheme assisted our efforts to improve PMTCT 
service provision, and our project also facilitated implementation of government-
supported work in improving women and children’s health. In fact, after a couple of 
years of our program, we could see that many of our MCH hospital sites showed 
signi fi cant increase in their in-hospital delivery rates each year. Many of the health 
administrators at the county MCH hospitals expressed that the biggest asset of the 
program was that it enabled them to strengthen their connection to the township 
level health centers and bolster their ties with the county hospital and CDC. With 
those strengthened networks, they will be able to provide better services in the 
future even without program support.  

   Integrating Screening and Prophylaxis for Multiple Vertically 
Transmitted Diseases 

 Building upon the foundation of the HIV PMTCT program, we saw an opportunity 
and the need to integrate HBV and syphilis screening with HIV screening at ANC 
and labor and delivery. Between January and August 2009, over 13,000 pregnant 
women received HIV, HBV, and syphilis counseling and testing at 12 prefecture and 
county-level health facilities in a pilot project. Of all the infants born of HBV sur-
face antigen-positive mothers, 266 were immunized according to Chinese Medical 
Association guidelines (three shots over  fi rst 6 months of life), with an additional 
single hepatitis B immunoglobulin (HBIG) shot within 24 h of birth. Thirty-four 
syphilis-positive women received benzathine penicillin treatment regimen before 
their delivery. In addition, partners of HBV- or syphilis-infected women were also 
offered counseling, testing, and follow-up services. 

 Our pilot project demonstrated that the acceptance rate for testing and interven-
tion was quite high. Packaging the three tests greatly improves the cost-effectiveness 
of ANC services and should be bene fi cial for a country like China, where preva-
lence of HBV is 7.2% among the general population and syphilis infection rate has 
risen steadily in recent years  [  5,   6  ] .  

   Positive Support Groups 

 Mood disorders among PLWHA (people living with HIV/AIDS) such as anxiety 
and depression have been well documented in the literature  [  7,   8  ] . Psychosocial 
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care and support is important for HIV-positive women to help them overcome their 
feelings of anxiety, fear, and despair. To meet their needs, our program developed 
psychosocial support groups for HIV-positive women and their families at all of our 
county MCH clinics. The meetings of the groups have served as venues for women 
to provide each other with mutual support, and for doctors to reinforce medical 
information and provide referrals to other resources available in the community. 

 Since 2007, 13 support groups from our sites have met close to 200 times. 
Spouses and other family members also actively participated in the support group 
meetings. Participants express some measure of relief from the isolation and loneli-
ness they feel in their daily lives. The group meetings offer a forum for women to 
articulate their thoughts and concerns to others who have gone through or are going 
through similar experiences and emotions. Whenever possible we have tried to build 
the capacity of one or two women in the group to act as peer facilitators, as it seems 
that women more readily accept and absorb information shared by a peer rather than 
by a healthcare provider. 

 Support groups, with the patient’s consent, have made speci fi c efforts to involve 
partners and other family members. Support from family members is important for 
any person living with HIV, especially for HIV-infected pregnant women, where 
spousal support for treatment during pregnancy and infant feeding is critical. In rural 
China, where many young married couples live with the parents of the husband, the 
involvement of the mother-in-law in the support groups has proven especially 
bene fi cial. Through their participation these older women learn about HIV generally, 
and more importantly, witness the health and vitality of mothers and infants who 
have undergone the PMTCT intervention. Partners’ and family members’ support 
can contribute to a more supportive and harmonious atmosphere in the home. 
Overall, our support groups serve as a platform for providing HIV-infected women 
psychosocial support, promoting improved relationship with their family members, 
and acting as a complimentary force to clinical treatment.   

   Challenges and Next Steps 

   Infant Feeding Practices for HIV-Exposed Babies 

 High mortality rates among HIV-exposed, uninfected children have been observed 
and studied in a diverse range of settings  [  9–  13  ] . Many of these deaths are associ-
ated with infant feeding practices  [  9–  13  ] . The national and provincial PMTCT 
program in China generously provide 12 months of infant formula to all HIV-
exposed babies with the assumption that as long as the formula is made available, 
babies will be protected from exposure to HIV through breast milk and will survive 
and thrive. 

 In 2008, we began to gather preliminary evidence of deaths among HIV-exposed 
babies in six counties. The data suggested higher mortality rates in HIV-exposed 
infants compared to the general population of infants in the same geographic areas. 
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Analyzing the causes of death, we found that up to 53% of them were potentially 
related to feeding or nutrition issues like diarrhea and malnutrition. 

 Sharing these preliminary  fi ndings with our county sites, we worked together to 
adapt a WHO/PATH (Program for Appropriate Technology in Health) curriculum 
on infant feeding and follow-up and used the curriculum in a training of prefecture 
and county-level physicians. The curriculum included the most up-to-date research 
on infant feeding practices, including studies that demonstrated the bene fi ts of 
breastfeeding even for babies of HIV-infected mothers  [  14  ] . Through this aware-
ness-building and skills-building exercise, health providers realized that in many 
rural areas environmental barriers to safe feeding practices are very high, even if 
free formula is being provided. They also admit that continued feeding counseling 
and support is a weak area in their work that can be improved upon. 

 Even though many doctors still  fi nd recommending and supporting of exclusive 
breastfeeding of HIV-exposed infants extremely challenging, they expressed 
willingness to explore this feeding option, as they had already been concerned with 
the sustainability of long-term government provision of 12 months of infant formula, 
as well as the safety issues of infant formula as exposed by the melamine scandal in 
recent years. 

 Our program is planning a pilot project in which we will strive to strengthen 
feeding counseling and support to HIV-positive mothers, regardless of the feeding 
option, at the same time explore breastfeeding for positive mothers who cannot 
meet safety requirements for formula feeding. We hope that health workers may 
gain experience and con fi dence in recommending exclusive breastfeeding while 
using ARV prophylaxis as a safe, viable option, and be able to provide effective 
support to these who choose to breastfeed.  

   Expansion of Program Model Still Needs Outside Support 

 We have demonstrated that a HAART regimen for PMTCT in a remote, resource-
limited setting in China is feasible, and have achieved a reduction in MTCT rate 
comparable to that achieved in developed nations. We hold the conviction that from 
a standpoint of reducing MTCT and maximizing the mother’s health, HAART is the 
best and the only choice for PMTCT and are heartened that the revised WHO guide-
line for PMTCT lists HAART prophylaxis as one option  [  15  ] . 

 Even though rural China still lags in development compared to large metropoli-
tan areas, given the vast rise in economic power of China on the world stage, and 
given the still very low overall prevalence of HIV, providing HAART for all preg-
nant woman and virtual elimination of MTCT should be an achievable and worthy 
goal. We hope our program efforts and results are only the beginning of nationwide 
effort to build up health infrastructure to provide comprehensive PMTCT services 
and to promote the use of optimal therapy for PMTCT intervention. In this regard, 
international organizations’ participation in national-level advocacy, technical and 
 fi nancial assistance in systematic capacity building will remain critical.  
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   Ongoing Capacity Building and Systems Strengthening Required 

 Through our project, we have helped the local health systems build a team of health 
providers capable of carrying out PMTCT services. However, rural health facility 
staf fi ng remains very limited in general. There is no clear division between admin-
istrative and clinical responsibilities so that workloads for most doctors are heavy. 
While our program has promoted the integration of all PMTCT services into routine 
MCH work and we have seen signi fi cant progress in this regard, there are still many 
counties in which two or three doctors at the county level have sole or majority 
responsibility for all PMTCT services. We recommend the systematic distribution 
of PMTCT services should be further improved at health facilities, so that this work 
truly becomes a routine part of ANC, labor and delivery, and follow-up services and 
not the purview of one or two individual doctors. 

 Looking into the future regarding sustained implementation of PMTCT services 
at the community level, we feel that it will be critical to maintain training of health 
workers in order to reinforce the knowledge and skills, and to keep them updated on 
new information related to PMTCT.   

   Conclusion 

 While the primary endpoint of our PMTCT program has been achieved—fewer 
than 1% of HIV-exposed babies in our cohort have become infected in our program 
counties—the next step is to ensure that these results can be translated into a 
sustainable, province-wide model that can replicate these results and maximize 
HIV-free survival of exposed infants. 

 Nationally, the vertical transmission rate remains above 10%  [  16  ] . It is our hope 
that our experiences, as summarized in this chapter, may serve as building blocks 
from which the provincial and national PMTCT programs can extract key lessons 
and move toward decreased rates of MTCT and a generation of babies born free of 
HIV and surviving to lead productive, healthy lives.      

  Acknowledgments   The authors wish to thank Dr. David Ho and Yunnan Bureau of Health 
Director Chen Juemin for their  fi rm support of this program. We also thank the local project teams 
for their dedication and hard work, without which the successes described could never have been 
achieved. Finally, we extend our deep gratitude to all the women and their families who have 
entrusted us with their care and whose health and courage in the face of adversity inspire us daily.  

      References 

    1.   Yunnan CDC (2010) Yunnan CDC annual report for HIV epidemic in 2009. Yunnan CDC, 
Kunming  

    2.    Lallemant M, Conzague J, Le Coeur S et al (2004) Single-dose perinatal nevirapine plus stan-
dard zidovudine to prevent mother-to-child-transmission of HIV-1 in Thailand. New Engl J 
Med 351(3):217–228  



252 Study Report on Prevention of Mother-to-Child Transmission for HIV-Infected...

    3.    Moodley D, Moodley J, Coovadia H et al (2003) A multicenter randomized controlled trial of 
nevirapine versus a combination of zidovudine and lamivudine to reduce intrapartum and early 
postpartum mother-to-child-transmission of HIV type 1. J Infect Dis 187(5):725–735  

    4.      Volmink J, Siegfried NL, Merwe L et al (2007) Antiretrovirals for reducing the risk of mother-
to-child transmission of HIV infection. Cochrane Database Syst Rev CD003510  

    5.    Cohen MS, Hawkes S, Mabey D (2006) Syphilis returns to China … with a vengeance. Sex 
Transmit Dis 33(12):724–725  

    6.    Liang X, Bi S, Yang W et al (2009) Epidemiological serosurvey of hepatitis B in China—
declining HBV prevalence due to hepatitis B vaccination. Vaccine 27(47):6550–6557  

    7.    Kwalombota M (2002) The effect of pregnancy in HIV-infected women. AIDS Care 14(3):
431–433  

    8.    Napravnik S, Royce R, Walter E, Lim W (2000) HIV-1 infected women and prenatal care uti-
lization: barriers and facilitators. AIDS Patient Care STDs 14(8):411–420  

    9.    Brahmbhatt H, Kigozi G, Wabwire-Mangen F et al (2006) Mortality in HIV-infected and unin-
fected children of HIV-infected and uninfected mothers in rural Uganda. J Acquir Immune 
De fi c Syndr 41:504–508  

    10.    Chilongozi D, Wang L, Brown L et al (2008) Morbidity and mortality among a cohort of 
human immunode fi ciency virus type 1-infected and uninfected pregnant women and their 
infants from Malawi, Zambia, and Tanzania. Pediatr Infect Dis J 27(9):808–814  

    11.    Marinda E, Humphrey JH, Iliff PJ et al (2007) Child mortality according to maternal and infant 
HIV status in Zimbabwe. Pediatr Infect Dis J 26(6):519–526  

    12.    Newell M, Coovadia H, Cortina-Borja M et al (2004) Mortality of infected and uninfected 
infants born to HIV-infected mothers in Africa: a pooled analysis. Lancet 364(9441):
1236–1243  

    13.    Shapiro R, Lockman S, Kim S et al (2007) Infant morbidity, mortality, and breast milk immu-
nologic pro fi les among breastfeeding HIV-infected and HIV-uninfected women in Botswana. 
J Infect Dis 196(Supplement):S62–S69  

    14.    Iliff P, Piwoz E, Tavengwa N et al (2005) Early exclusive breastfeeding reduces the risk of 
postnatal HIV-1 transmission and increases HIV-free survival. AIDS 19:699–708  

    15.   WHO (2012) Programmatic update: use of antiretroviral drugs for treating pregnant women 
and preventing HIV infection in infants. WHO, Geneva. April 2012.   http://www.who.int/hiv/
PMTCT_update.pdf    . Accessed August 20, 2012  

    16.    Wang LH, Fang LW, Wang Q et al (2008) The rate and stages of HIV mother to child transmis-
sion in some areas of China with relatively high HIV/AIDS prevalence and evaluation of the 
effectiveness of relevant interventions. Chin J AIDS STD 14(5):435–438                   

http://www.who.int/hiv/pub/mtct/advice/en/index.html
http://www.who.int/hiv/pub/mtct/advice/en/index.html
http://www.who.int/child_adolescent_health/documents/9789241598873/en/index.html


27Y. Lu et al. (eds.), HIV/AIDS Treatment in Resource Poor Countries: 
Public Health Challenges, DOI 10.1007/978-1-4614-4520-3_3, 
© Springer Science+Business Media New York 2013

     Patients, Clinics, and Available ARV Drugs 

 The village clinic is located inside the Wenlou village of the Lugang township in the 
Shangcai County of the Henan Province. The National Free antiretroviral (ARV) 
Treatment Program  fi rst started in this village as a pilot study in 2002. The program 
was fully launched the following year. Between September and December 2009, 
271 AIDS patients from this clinic participated in this study. The oldest patient was 
71 and youngest was 31 years old. There were 133 male and 138 female patients. 
Most of these patients (267 of 271) were infected through the plasma collection 
equipment contaminated with HIV-1 through the past poorly regulated commercial 
activities of selling blood in the previous decade. Two patients were infected by 
sexual intercourse, and two patients were infected through an unknown route of 
transmission. All of these AIDS patients were farmers in the village. Eight ARV 
drugs were available for free to these AIDS patients by the national government. 
Three village doctors from the clinics provided the free ARV counseling services 
and distributed the ARV drugs. Four of these ARV drugs were manufactured by a 
number of domestic Chinese pharmaceutical companies, including zidovudine 
(AZT), didanosine (DDI), stavudine (D4T), and nevirapine (NVP). The other four 
ARV drugs, including tenofovir (TDF), lamivudine (3TC), efavirenz (EFV), lopinavir 
and ritonavir (LPV/r), were imported by the Chinese national government.  
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   Different ARV Drug Regimens 

 The majority of these patients (262/271) had been taking ARV drugs for more than 
6 months at the beginning of this study. Seven of these patients started their ARV 
therapies less than 6 months before this study. During the period of this study, 
approximately 47% of the patients were taking AZT/D4T + 3TC + NVP; 26% of 
them took TDF + 3TC + LPV/r; 21% of them took AZT + DDI + NVP, 4% of them 
took AZT/D4T + 3TC + EFV; 1% of them took D4T + DDI + NVP; and 1% of them 
took D4T + DDI + EFV. 

 About 30% of these patients had never changed their drug regimens since they 
started the ARV therapy, whereas 43% of them changed their drug regimens once 
and 19% of them changed their regimens twice. The remainder of the patients 
changed their regimens more than twice since they began their ARV therapy.  

   CD4 Counts and Viral Loads 

 During the period of this study, the majority of the patients (53%) had their CD4 
counts between 200 and 500 (per ml), whereas 29% of the patients had CD4 counts 
higher than 500 and 18% of them had CD4 counts lower than 200. At the same time, 
the viral load tests showed that the majority of the patients (58%) had undetectable 
levels or lower than 400 copies per ml, whereas the ARV therapy failed in nearly 3% 
of the patients with their viral loads that were higher than 100,000 copies per ml. 
The other 39% of the patients had viral loads between 400 and 100,000. During the 
study period, two patients died, and four patients were hospitalized because of 
AIDS-related severe opportunistic infections.  

   Compliance 

 This study measured patient compliance to the ARV therapies. All the patient 
participants were asked to complete a survey form monthly with help from one of 
the village clinicians or their DOT (direct observed treatment) monitors, who were 
either family members or close neighbors with elementary training in the ARV therapy. 
The survey forms included a daily record of actual drug-taking time. The drug-
taking schedule adherence (or schedule compliance) is de fi ned as drugs taken within 
2 hour of the morning and evening drug-taking time point. If the total drug-taking 
schedule compliances were less than 95%, it would be de fi ned as noncompliant. All 
the patient participants were also asked to save any remaining medication at the end 
of each month. Then, by calculating the percentage of the remaining medication in 
the total amount that a patient should have taken, “quali fi ed” drug-taking dose com-
pliances (dose compliance) were de fi ned as the leftover drugs were less than 5%. 
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 The study results showed that 31% of the patients were not quali fi ed as the 
schedule compliant and 11% of them were not quali fi ed as the dose compliant. 
Taken together, the total ARV drug noncompliance in this study group was 42%.  

   Causes of ARV Drug Noncompliance 

 According to the patient survey results, about half of the schedule noncompliant 
patients (53%) stated that they simply forgot to take the ARV drugs, whereas 57% 
of them said that they were too busy with their farm work to take the drugs. However, 
about 40% of the schedule noncompliant patients blamed the unbearable side effects 
of the ARV drugs they were taking. In fact, the drug side effects were cited as the 
main cause for the dose noncompliance as the patients hoped that reducing the drug 
dosages might make taking the drug more bearable. 

 Based on some anecdotal reports that the schedule compliances could decrease 
during the holidays, especially during the most signi fi cant holidays for Chinese farm-
ers such as the Spring Festival (Chinese New Year), a special follow-up visit by some 
of these 271 AIDS patients were conducted after the Spring Festival of 2009. Fifty-
two patients were randomly selected to complete a self-reported survey about their 
ARV drug-taking compliance. To no one’s surprise, 69% of the patients chose not to 
take the ARV drugs on the Chinese New Year’s Eve and the following morning.  

   Coinfections and Liver Disease 

 Since some of these AIDS patients had started the ARV therapy in 2002, the ALT 
(alanine aminotransferase) tests were included as part of the clinical tests for this 
study. Nearly 35% of the patients (94 of 271) had their ATL level higher than 50 U, 
indicating abnormal liver functions. In fact, four of these AIDS patients had to stop 
their ARV therapies in order to be  fi rst treated for their liver disease. 

 The liver abnormalities were apparently not all due to the side effects of the ARV 
drugs. Of these AIDS patients in the group, 113 were also tested for HBV (Hepatitis 
B virus) and HCV (Hepatitis C) infections. The results showed that 78% of them 
were co-infected with HCV and nearly 10% of them were tested positive for HBV 
as well as HCV (triple infections).  

   Discussion 

 Previous studies in China showed that at least 95% compliance to the ARV drug-
taking schedule and correct dosages would be required to achieve treatment ef fi cacy 
 [  1  ] . The study presented here showcased one of the most basic village treatment 
units in a rural area of China with a minimum health care infrastructure (a village 
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clinic without any medical equipment) and three village doctors caring for more than 
300 AIDS patients, 58% of whom had viral load tests within the treatment-effective 
scope. However, our study also showed that the noncompliance to the ARV 
therapies was worrisome (42%), which coincided with the percentage of the ARV 
treatment failures. Among many medical and nonmedical reasons that caused the 
ARV therapy noncompliance, some might have been corrected. For example, our 
survey found that the majority of the patients refused to take their ARV drugs during 
the Chinese New Year’s Eve and the New Year’s morning. Some patients even 
refused to take their medications before the  fi fth day of the Chinese New Year 
simply because it was the most important holiday for local farmers. Public educa-
tion about the fatal consequence of such noncompliance to the ARV therapy is 
urgently needed. 

 Severe adverse effects of a long-term ARV therapy, including various side effects 
of ARV drugs, were the second most signi fi cant factor that resulted in the noncom-
pliance to ARV therapy in the rural areas. There were 59 AIDS patients in this 
study, who began the second-line regimen 1 month before the study started, and 
who stated that because the side effects of the new regimen were so unbearable, they 
had to either stop taking the drugs or reduce the amount of the drugs they were sup-
posed to take. Two patients strongly demanded to return to the original  fi rst-line 
therapy, which had failed them. 

 This study also found that the drug-taking frequency, the dosage, and the type of 
ARV drugs had signi fi cant impact on the patients’ compliance. For example, most 
of the remainder of drugs at the end of each month during this study, which a patient 
was asked to bring in when given the drugs for the following month by a village 
doctor, were those pills that should been taken twice a day. It appeared that the more 
pills per day the patients were told to take, the worse the compliance became. 
Additionally, all of the patients who had taken the powder form of DDI could not 
tolerate the taste of the drug. Some patients even felt nauseous when they saw other 
people handling the DDI powder. The majority of these patients said that they were 
more likely to take their ARV drugs when the DDI powder could be replaced with 
the chewable DDI tablets. In fact, after 3TC became available through the National 
Free ARV Program, many patients noted that 3TC was easier than DDI for them to 
follow their drug-taking schedule and dosages. It would be advantageous for the 
patients and doctors alike if newer combinational ARV drugs could become avail-
able, thus increasing the ARV compliances. As some of these “ideal” new drugs, 
which require only one pill a day without signi fi cant adverse effects, have been 
approved by China’s State Food and Drug Administration (SFDA) to be sold in 
China and can be produced by domestic local drug manufacturers as soon as the 
patents expire in the next decade, it is hopeful that the current ARV therapy ef fi cacy 
will be improved signi fi cantly in the future. 

 The most worrisome problem in the resource-poor regions like ours was the lim-
ited options for the second-line or third-line regimens should an AIDS patient fail 
his/her  fi rst-line regimen. All of our patients depended on the free ARV drugs pro-
vided by the national government. As previously mentioned, the free ARV program 
started with the four drugs made by some domestic Chinese drug manufacturers. 
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Although four more imported ARV drugs were later included in the program, much 
more such additions would be required in the near future. 

 Most of the patients in our clinic, who switched to the second-line ARV regimen, 
were able to improve their compliance after they were told the dire clinical conse-
quences should they fail to comply again. Despite the increased patient compliance, 
17% (12/71) of the patients still chose to reduce their drug dosage or skipped taking 
their new regimen all together due to the side effects of the drugs. Because of the 
inability of our local clinic to provide accurate laboratory tests for the appearance of 
drug-resistant mutant viruses, the choice of the second-line ARV regimen was not 
based on virology results but only on clinical outcomes or continuous declines of 
the CD4 counts. 

 As the AIDS patients in our clinic continued to receive ARV therapies, some of 
them had started it since 2002, and grew older, an ensuing number of chronic dis-
eases such as hypertension and coronary artery disease, as well as other infections, 
seemed to appear more frequently. For example, in addition to the aforementioned 
high rate of HIV-1/HCV coinfection (78%), this study also observed the increasing 
number of tuberculosis infections in those AIDS patients (9/271). As aforemen-
tioned, coinfections like these and other opportunistic infections had resulted in 
higher noncompliance. Unfortunately, in resource-poor areas, such as ours, we are 
limited in our ability to overcome these dif fi culties.      
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  Abbreviations  

  3TC    Lamivudine   
  AIDS    Acquired immunode fi ciency syndrome   
  ART    Antiretroviral treatment/therapy   
  ATT    Anti-tuberculosis treatment/therapy   
  ATV    Atazanavir   
  CD4 count    CD4 T-lymphocyte count   
  COE    Centers of excellence   
  d4T    Stavudine   
  ddI    Didanosine   
  EFV    Efavirenz   
  FTC    Emtricitabine   
  Hb    Hemoglobin   
  HIV    Human immunode fi ciency virus   
  IDV    Indinavir   
  LPV    Lopinavir   
  NACO    National AIDS Control Organization   
  NACP    National AIDS Control Program   
  NNRTI    Non-nucleoside reverse transcriptase inhibitor   
  NVP    Nevirapine   
  PI    Protease inhibitor   
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  PLHA    People living with HIV/AIDS   
  RNTCP    Revised National Tuberculosis Control Program   
  RTV    Ritonavir   
  SACS    State AIDS Control Society   
  TB    Tuberculosis disease   
  TDF    Tenofovir disproxil fumarate   
  ZDV    Zidovudine     

       Introduction 

 Infection with the human immunode fi ciency virus (HIV) is unique. It infects only 
humans and causes mortality in almost every person. The presence of infection goes 
undetected for years because of lack of symptoms. Progression to HIV-related dis-
eases is slow, taking an average of about 8 years from infection to the development 
of acquired immunode fi ciency syndrome (AIDS), and without speci fi c antiretrovi-
ral therapy (ART), the survival period after the appearance of AIDS is 1–2 years. 
The explosive research undertaken globally during the short span since its recogni-
tion in 1981 has provided mankind with the tools to tackle the pandemic effectively 
with substantial progress made in reducing the transmission of HIV infection, espe-
cially from mothers to infants, and in speci fi c treatment with antiretroviral drugs. 
Today, there is a plethora of drugs available and although no single drug or combi-
nation of drugs has so far been found to completely eliminate the virus and affect a 
cure, many combinations of drugs properly used suppress the multiplication of the 
virus, ensuring the survival of individual patients for many years and permitting 
them to lead normal healthy lives until the onset of AIDS.  

   The Indian Epidemic 

 India has from the beginning of the global epidemic maintained vigilance against 
HIV infection. Its efforts in screening risk groups in the early 1980s provided the 
 fi rst evidence of indigenous transmission of HIV in commercial sex workers in 
Chennai, India, in May 1986  [  1  ] . Since then, efforts have been made continuously 
to evolve effective control measures initially directed at prevention of infection, 
reducing the transmission of HIV and the management and care of HIV infected 
persons, and now fully directed toward successful treatment of patients with ART. 

   Current Status of the Infection in India 

 India is a low-income country with a current population of about 1.2 billion. The HIV 
epidemic level is a concentrated one with substantially higher prevalence among 
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selected high-risk groups (HRGs) than in the general population. Distribution of 
infection in the country is uneven—in many states, the prevalence is low. In six 
states—Andhra, Karnataka, Maharashtra, Manipur, Nagaland, and Tamil Nadu—
prevalence is high and these states have received greater focus of attention com-
pared to the rest. The country has 609 districts—in 156 districts (Category A), the 
prevalence of HIV infection in attendees in Antenatal Clinics (ANCs) is over 1%. 
In an additional 39 districts (Category B), HIV prevalence in ANCs is less than 1% 
but prevalence in HRGs is over 5%. These 195 districts have received greater atten-
tion for the provision of HIV-control measures than the rest of the districts. Based 
on the HIV sentinel surveillance carried out in 2008–2009, it was estimated that 
India has about 2.39 million HIV-infected persons with an adult HIV prevalence of 
about 0.31%  [  1  ]  (Table  4.1 ). Nearly all of the people living with AIDS (PLHA) are 
adults and adolescents. Children comprise only about 3.5% of those infected.   

   The Most Vulnerable Population and Common Risk Factors 

 Transmission is largely sexual, and mostly heterosexual with a small proportion due 
to men having sex with men (MSM). In addition, there is a sizable population of 
HIV-infected injection drug users (IDUs) in four large cities—Chennai, Mumbai, 
Delhi, and Chandigarh and in two states in the northeast—Manipur and Nagaland. 
The rates of prevalence in the categories of HRG and general population (ANC 
attendees) are indicated in Table  4.2   [  3,   4  ] . These data have been collected through 
annual HIV sentinel surveillance and represent the  fi ndings in 2007 among 358,797 
persons tested.  

 Category  Estimate 

 Total population (in 2007)  1.027 billion 
 HIV prevalence (15–49 years) 
  Men  0.40% 
  Women  0.27% 
  Both sexes  0.34% 
 PLHA (adults and children)  2.31 million 
 Children (below 15 years)  3.8% 

   Table 4.1    HIV prevalence in 
India  [  2  ]    

   Table 4.2    HIV prevalence in 
high-risk groups in India 
(2007)  [  3,   4  ]    

 Category  Percent positive 

 ANC attendees  0.48 
 STD clinic attendees  3.67 
 IDU  7.23 
 MSM  7.41 
 Migrants  3.6 
 Truckers  2.51 
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 The changes in prevalence in successive years are monitored through annual 
seroprevalence surveys conducted under the National AIDS Control Program 
(NACP). It is estimated that there are about 2.5 million men who have sex with 
men, 0.16 million injecting drug users, and 0.8–1.2 million female sex workers 
(FSWs)  [  2  ] .   

   National Response to the Epidemic and Public 
Health Measures 

 The Ministry of Health and Family Welfare has the responsibility for HIV-control 
activities in India. The program is executed under the guidance of the National 
AIDS Control Organization (NACO). The apex body has organized three succes-
sive National AIDS Control Program: NACP I, II, and III. NACO formulates poli-
cies, plans, monitors, executes, coordinates, and evaluates all aspects of AIDS 
management in India. The current 5-year program, NACP III, was started in 2007. 
High priority is accorded to measures to promote, prevent, and care, with the objec-
tives of reducing HIV transmission rates, providing care and treatment, and reduc-
ing mortality due to AIDS. It has a wide network of government public health 
entities, including counseling and testing centers, treatment centers, research organi-
zations, and training centers. The management of the program is decentralized with 
the State AIDS Control Society (SACS) in each state having the responsibility to 
administer the program and monitor the activities in each district. In addition to the 
government health facilities in the country, the program is ably assisted and strength-
ened by outputs from many nongovernmental organizations, WHO, UNAIDS, 
UNICEF and other international organizations such as the Bill and Melinda Gates 
Foundation. 

   Millennium Development Goals and Targets 

 In 2000, the WHO, the United Nations, and its member countries identi fi ed eight 
developmental goals for socioeconomic development and decreasing disease bur-
den in the world. Goal 6 provided for the combat of HIV/AIDS, malaria, and other 
diseases, including tuberculosis (TB). For AIDS, the targets were:

   Have halted by 2015 and begun to reverse the spread of HIV/AIDS.   –
  Achieved by 2010, universal access for treatment for HIV/AIDS for all those  –
who need it.    

 There is evidence that in India, the epidemic has peaked and is declining slowly 
 [  5  ] . NACP III has set 2011 as the year for halting and reversing the epidemic in 
India. It is targeted to reduce new infections by 60% in high prevalence states and 
40% in vulnerable states.  
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   HIV Counseling and Testing 

 There is a wide network of HIV testing facilities in over 4,000 centers throughout 
the country. Initially, almost all centers provided client-initiated testing and later, 
more and more testing centers were provider initiated, related to antenatal care and 
HRGs. By December 2008, 8.7 million individuals were tested. The coverage was 
approximately a third of FSWs, IDUs, and MSMs  [  2  ] .  

   Antiretroviral Treatment 

 The advent of antiretroviral treatment (ART) under the “3 by 5” initiative for giving 
ART to three million PLHA globally by 2005 provided a quantum leap from the 
largely diagnostic, preventive, and epidemiologic activities under the program to a 
much higher level of control measures leading to providing access to all PLHA 
requiring speci fi c ART under a carefully formulated program. 

  Adults and adolescent  PLHA identi fi ed as HIV-positive either through client-
initiated testing (voluntary testing) or provider-initiated testing facilities, are regis-
tered as a pre-ART cohort and monitored periodically, clinically, and by CD4 counts 
and become eligible for ART when clinically warranted—WHO stage III with a 
CD4 count below 350 per cubic mm or stage IV, or when the CD4 counts fall below 
250 per cubic mm.  All HIV-positive children  are eligible to receive ART. The pro-
gram has identi fi ed a variety of ART regimens  [  6,   7  ]  (Table  4.3 ) including combinations 

   Table 4.3    National ART regimens in adults and adolescents in India  [  6,   7  ]    

 Regimen 

 Drugs 

 Remarks  NRTI  NNRTI  PI 

 Regimen I  AZT + 3TC  +NVP  First line/preferred 
 Regimen Ia  d4T + 3TC  +NVP  First line, preferred for patients with Hb 

<8 g/dl 
 Regimen II  AZT + 3TC  +EFV  First line, preferred for patients on ATT 
 Regimen IIa  d4T + 3TC  +EFV  First line, for patients on ATT and Hb <8 g/dl 
 Regimen III  TDF + 3TC  +NVP  Alternate  fi rst line, for patients not 

tolerating AZT or d4T on NVP-based 
regimen 

 Regimen IIIa  TDF + 3TC  +EFV  Alternate  fi rst line, for patients not tolerating 
AZT or d4T on EFV-based regimen 

 Regimen IV  AZT + 3TC  LPV/Rit  Second line, for patients not tolerating NVP 
and EFV 

 Regimen IVa  d4T + 3TC  LPV/Rit  Second line, for patients not tolerating NVP 
and EFV 

 Regimen V  AZT + TDF + 3TC  LPV/Rit  Second line, preferred for second-line 
regimen 

 Regimen Va  TDF + 3TC  LPV/Rit  Second line, for patients with anemia <8 g/dl 

  AZT = zidovudine; 3TC = lamivudine; EFV = efavirenz; LPV = lopinavir; d4T = stavudine; 
TDF = tenofovir; NVP = nevirapine; Rit = ritonavir  
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of three or four drugs. The combinations of drugs target different stages of the 
HIV replication cycle, and when used appropriately, they slow down HIV disease 
progression, reduce the risk of opportunistic infections, and prolong life.  

 All the drugs are provided free of cost to the patients. Patients collect their sup-
ply of drugs once a month either at the ART Centers or at the Link ART Centers 
(LACs) situated close to the residence of the patient. In December 2010, a total of 
387,205 patients  [  1  ]  including 22,858 children were receiving ART, indicating over 
50% increase since December 2008  [  8  ] . The survival rate for patients who have 
been on treatment for 1 year was about 80%. Response to treatment is monitored 
through six monthly CD4 counts and if adverse events occurred, they are managed 
appropriately, including a change of drugs, if necessary.  

   Treatment Access Sites 

 In 2010, the program had 292 ART centers, mostly located in urban areas and has a 
target of adding another 50 centers by the end of NACP III (2011). Patients are 
registered and initiated into treatment at the  ART Centers . Thereafter, they can 
access drugs at the ART Centers or at the LAC located at the patient’s residence. 
Second-line regimens are provided at the ten  Centers of Excellence .  

   Prevention, Care, and Management of HIV/TB Co-infection 

 HIV-related TB poses a serious challenge to the management of HIV. Globally, of 
9.27 million incident TB cases, 1.37 million were among the PLHA  [  9  ] . About 
456,000 PLHA died from TB, constituting about 23% of about two million HIV-
related deaths in 2007. India too has to face this challenge, since about 60–70% of 
the adults in the Indian general population are infected with the tubercle bacillus, 
with a similar proportion of TB infected among adult HIV-infected persons. TB is a 
major cause of HIV-related deaths in India—30,000 TB patients with HIV died in 
2007, and the prevalence of HIV in incident cases of TB was 5.3%. The manage-
ment of HIV–TB co-infection has therefore been accorded very high priority. Both 
the national programs in India, Revised National TB Control Program (RNTCP) 
and the NACP, are well formulated and are effectively implemented and indeed, 
each of the programs is a model for the other countries to emulate. Close coordina-
tion exists between the two programs. 

 Cohorts of PLHA are subjected to intensive TB case  fi nding. TB cases detected 
among the PLHA are registered under the RNTCP, and are treated with standard 
anti-tuberculosis (ATT) regimens under the directly observed therapy short course 
(DOTS) strategy. The TB cure rate among patients without HIV is over 90% under 
RNTCP. Success rates in TB patients with HIV are however lower, since 20–30% 
of HIV–TB patients die during ATT therapy. The intensi fi ed TB case- fi nding activity 
among PLHA results in the detection and treatment of TB in early stages, however, 
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patients initially diagnosed as TB under the RNTCP and subsequently identi fi ed as 
co-infected with HIV through provider-related HIV testing usually have advanced 
TB disease with high levels of immunosuppression, and 20–30% of them die in 
early months of treatment. Current policy is to initiate ART in TB patients soon 
after initiation of ATT, ensuring the availability of the bene fi ts of immune recovery 
to the HIV/TB patient, with possible reduction in HIV-related mortality. 

   Management of TB under RNTCP 

 All newly diagnosed, previously untreated cases of TB are treated with a standard 
6-month regimen (Category I) consisting of four drugs—ethambutol, isoniazid, 
rifampicin, and pyrazinamide—EHRZ—given three times a week for 2 months fol-
lowed by treatment with rifampicin and isoniazid three times a week for another 
period of 4 months. This regimen is highly effective and cure rates of over 90% 
have been achieved under the RNTCP. TB patients who had failed on other drug 
regimens and are still having active disease, and those who fail on the Category I 
regimen are treated with a 8-month retreatment regimen—Category II—consisting of 
2 months of treatment with  fi ve drugs—EHRZ supplemented with streptomycin -S- 
for 2 months, followed by EHRZ for another month, and a successive 5 months of 
EHR, all administered thrice weekly. This regimen is also highly effective for TB 
with success rates of about 70%. Thus, only a few remaining patients who have 
failed on Category I and II regimens, need to be treated under a DOTS—Plus 
Strategy with regimens comprising of  fi ve or six drugs capable of overcoming 
multi-drug resistant TB, which is likely to emerge in a few cases in the event of 
failure of Category II regimen  [  10  ] .  

   Management of TB in HIV/TB Patients 

 The management of TB in HIV/TB patients is similar to the management in those 
who are not HIV-infected  [  11,   12  ] . The ATT drug regimens are equally effective in 
both categories of patients with one exception. In some HIV/TB patients, diagnosis 
of TB might have been delayed and the mortality rates during treatment are likely to 
be higher with some mortality due to advanced TB and some due to HIV-related 
causes. Close coordination and interaction between the RNTCP and the NACP 
ensures that HIV/TB patients started on ATT are assessed concurrently for ART and are 
initiated in ART within weeks of commencing ATT. Successful TB treatment and 
improvement in immunocompetency following ART initiation ensures reduction in 
morbidity and mortality. 

   Immune Reconstitution In fl ammatory Syndrome 

 During the treatment of HIV/TB patients with ATT as well as ART regimens, there is 
a risk of the occurrence of an episode of IRIS—immune reconstitution in fl ammatory 
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syndrome—occurring in 10–30% of cases on ATT and ART within weeks of initiat-
ing ART  [  13  ] . It occurs mostly in HIV/TB patients who have low CD4 cell counts 
at the time of initiation of ATT, and the sudden improvement in the immunocompe-
tence following initiation of ART results in adverse in fl ammatory events in TB. In 
a typical case, a TB patient who is on ATT and is showing a favorable response to 
ATT is started on ART. Within weeks of initiation of ART, paradoxically there is 
sudden deterioration in TB with manifestation of fever, clinical or radiographic 
worsening of the TB lesions, and/or appearance of TB lesions in new sites. Most of 
these IRIS events are of short duration and are easily managed with steroids or anti-
in fl ammatory agents without interruption of ATT or ART. Occasionally, the reac-
tions are severe and cause fatality. TB/HIV patients receiving ATT and ART have to 
be monitored for possible occurrence of IRIS, which should be attended to as soon 
as symptoms of IRIS become manifest.    

   Prevention of Mother-to-Child Transmission 

 By 2008, as many as 4,817 health facilities were providing prevention of mother-to-
child transmission (PMTCT) services including testing of pregnant women for HIV 
and provision of antiretroviral prevention such as single dose of nevirapine to moth-
ers at the time of delivery and testing and follow up of infants born to HIV-positive 
mothers. By December 2009, about 16% of 27 million total annual pregnancies 
were covered under the PMTCT: 10,673 HIV-positive pregnant women received 
nevirapine for PMTCT  [  14  ]  (Table  4.4 ). CD4 counts were done on 1,033 pregnant 
women. While 325 of them were found eligible for ART, 220 (68%) actually started 
on ART. It is estimated that 63,889 children were living with HIV, with perinatal 
transmission being the major source of infection. Currently, 22,858 of children liv-
ing with AIDS are receiving ART. There is a plan to steadily scale up the PTMCT 
over the years under NACP IV (2012–2016) and it is expected that by 2016, about 
48,000 HIV-positive pregnant women will be identi fi ed and provided PTMCT.   

   Management of Other Opportunistic Infections 

 The program has close links with general health systems and appropriate referral 
arrangements. PLHA developing events of HIV-associated opportunistic infections 

 Category  Number  Coverage 

 Pregnant women tested  4,234,401  16% 

 Estimated pregnant women with HIV  49,000  – 
 Pregnant women on ART for PMTCT  10,673  22% 
 Infants born to HIV + women 

receiving ART for PMTCT 
 10,577  22% 

   Table 4.4    Prevention of 
mother-to-child transmission 
through ART Jan–Dec 2008 
 [  14  ]    
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are referred to medical college hospitals and other health facilities for appropriate 
management including identi fi cation of the infecting organisms and their manage-
ment. Apart from TB, the most common opportunistic infections encountered in 
India are candidial infections, toxoplasmosis, and cryptococcal infections. 

 Malignancies such as Kaposi’s sarcoma are not commonly seen in HIV-infected 
patients in India. The provision of health care free of charge to PLHA, making the 
diagnostic and treatment facilities available through a wide network of facilities 
provides hope of survival to a large body of PLHA. Hope for survival is the driving 
force, which calls for and ensures a level of lifelong adherence to ART, which would 
have been inconceivable for any other disease.  

   Adherence/Retention of Patients on ART 

 Treatment is lifelong and the drugs need to be taken daily, some once a day and oth-
ers twice a day. Experience in the management of ATT (without HIV) has taught us 
that even in regimens of 6 months duration, some slippage in compliance during the 
later months of treatment do occur. For lifelong ART regimens, the challenge of 
maintaining high levels of adherence to treatment, and especially so in the later 
months—24, 36, 48 months onward, has to be met with continuous monitoring, 
keeping track of drug collections, timely detection of defaulters and prompt retrieval 
measures, and periodic examination of the CD4 levels. Some of the large ART centers 
in India have achieved adherence levels of over 90% as assessed at 12 months of ART. 
There is some decline thereafter, partly because of migration out of the area and death 
in some cases, but the percentage of patients available for follow up is still large. 
Many patients have survived for over 5 years with ART and are leading a productive 
and otherwise healthy life. The credit for the success of the program goes to the entire 
team of workers in the NACO and the NACP participants and to the many nongovern-
mental organizations, private practitioners, WHO, UNAIDS, UNICEF, and other 
international organizations such as the Bill and Melinda Gates Foundation.  

   Other Preventive Interventions 

 A dual epidemic of transmission among IDUs and sexual transmission is present in 
two northeastern states of Manipur and Nagaland  [  15  ] . In addition, transmission of HIV 
among IDUs in large cities like Chennai, Mumbai, and Delhi is also contributing 
to the HIV burden in India. PLHA in these HRGs have access to the ART services. 
For all IDUs, harm reduction interventions are delivered through 323 needle–
syringe program sites and 46 opioid substitution therapy sites where buprenorphine 
is provided to IDUs as substitution therapy. STI services are provided at 245 tar-
geted intervention sites  [  8  ] . The coverage of IDUs, FSWs, and MSMs by preventive 
services in 2008 was 40–45%.   
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   Future Risks and Worst-Case Scenarios 

 There is evidence from annual sentinel surveillance data that the epidemic in India 
has peaked  [  5  ] . With the implementation of prevention and treatment programs under 
the NACP, it is hoped that transmission rates will continue to decline in future years 
and life expectancy in PLHA will go up substantially. However, this presupposes that 
the present tempo of effectiveness will be continued and scaled up, calling for sub-
stantial investment in men, material, and money. The world has seen an economic 
slowdown recently, but India has so far managed to avert any  fi nancial crisis. There 
is substantial commitment to both AIDS Control and TB Control programs. ART and 
ATT drugs are available at reasonable prices for the programs. Should the interna-
tional economic situation worsen and assistance is scaled down, there may be a resul-
tant downturn in some activities of the Control Programs; this, however, is unlikely 
to affect the goals and achievements of the NACP III. The budgetary requirement of 
about $2.5 billion for NACP III has been provided largely through domestic funding, 
and by funding from donor agencies  [  2  ] . A mid-term review of the NACP III con-
ducted in December 2009  [  16  ]  has revealed that the program is well on its track and 
the  fi ndings provide material for the planning of NACP IV commencing in 2012. 
It is expected that NACP IV (2012–2016) will provide further up-scaling of the 
activities, including greater coverage of ART in PLHA and large-scale support for 
research activities related to program assistance and evaluation. Universal access to 
ART by 2015 by all PLHA needing treatment, as envisaged by the Millennium 
Development Goal, would be well within sight. However, the proposed changes in 
the eligibility criteria for treatment, making people eligible for ART initiation in 
earlier stages would require much larger coverage than the target under current eligi-
bility criteria and may delay the achievement of the target beyond 2015.  

   Urgent Needs and Action Steps 

 There are about 292 ART centers spread over different parts of the country, the 
majority of them in states with high HIV prevalence. The network needs to be fur-
ther widened to reach the remote rural areas, to ensure access to treatment is avail-
able in all parts of India. The programs for the prevention of transmission of HIV 
from mother to child need to be carefully monitored to ensure larger coverage, 
monitoring emergence of drug resistance in the mother and in the infected babies. 

 Many research activities have been undertaken in India, especially in areas of 
epidemiology and PMTCT. There is a need to step up research activities in chemo-
therapy—for formulation of better regimens, monitoring drug resistance related to 
ART, and newer approaches to treatment such as the recently proposed test-and-
treat policy where all persons who are diagnosed as HIV positive become eligible 
for treatment. 

 While challenges appear to be formidable, data show that the program is func-
tioning effectively, as re fl ected in a decline in the prevalence rates over the years 
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from 0.45% in 2002 till 0.34% in 2008. Five of the six high prevalence states which 
had a rate over 1% in ANC Clinic attendees, now have a prevalence of less than 1%. 
The NACP policies are sound and practical and hold great promise. The policies and 
programs are constantly evolving and changing with innovation and improvisation 
as the program continues. Target 6a of the Millennium Goal for HIV aims to have 
halted by 2015 and begun to reverse the spread of HIV–AIDS and this target is very 
likely to be met in India. Target 6b provides for achievement by 2010 universal 
access to treatment for HIV/AIDS to all who need them. With a sound NACP, politi-
cal commitment, and committed health care and research personnel, India is well 
poised to meet both the millennium goals.      
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    Introduction 

 The HIV/AIDS    pandemic has evolved into one of the greatest global public health 
challenges in recent history. It has progressed unchecked in many parts of the world 
for close to three decades. An estimated 1.8 million people were newly infected 
with HIV in sub-Saharan Africa in 2009, while 22.5 million people were estimated 
to be living with HIV. Globally, 33.3 million people are living with HIV, and ~22 
million reside in Africa, and 1.3 of the 1.8 million AIDS deaths in 2009 are esti-
mated in sub-Saharan Africa  [  1  ] . In this region, the HIV epidemics vary signi fi cantly 
from country to country, in both scale and scope. Adult national HIV prevalence is 
below 2% in several countries of West and Central Africa, as well as in the horn of 
Africa, but as early as 2007 it exceeded 15% in Southern African countries, and was 
above 5% in Central and East Africa (Fig.  5.1 )  [  2  ] .  

 In recent times, due to prevention and treatment efforts, HIV prevalence rates 
have seemed to stabilize, although at very high levels, particularly in southern 
Africa, whose ten countries bear one-third of the HIV epidemic on the continent. 
In a growing number of countries, adult HIV prevalence rates are falling. In Zimbabwe, 
HIV prevalence in adults fell from 26% in 2002 to 15.3% in 2007. In Botswana, HIV 
prevalence among adults dropped from 26.5% in 2001 to 17.6% in 2008  [  3  ] . HIV data 
from antenatal clinics in South Africa suggest that the country’s epidemic might be 
stabilizing as well. The estimated 5.6 million South Africans living with HIV in 2009 
make this the largest HIV epidemic in the world  [  1  ] . Meanwhile, the 26% HIV preva-
lence found in adults in Swaziland in 2009 is the highest prevalence ever documented 
in a national population-based survey anywhere in the world  [  1  ] . 
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 In East Africa, HIV prevalence has either reached a plateau or is decreasing and 
adult national HIV prevalence in Uganda has stabilized between 6 and 7%  [  3  ] . 
HIV epidemics in West Africa are stable or are declining, as is the case for Burkina 
Faso, Ivory Coast, and Mali. In Ivory Coast, HIV prevalence among pregnant 
women in urban areas fell from 10% in 2001 to 6.9% in 2005. The largest epidemic 
in West Africa is in Nigeria; the continent’s most populous country appears to 
have stabilized at 3.6%. Despite a relatively low HIV prevalence, Nigeria has the 
second highest HIV disease burden in the world due to its population size of over 
150 million  [  4,   5  ] .  

   HIV Treatment in Africa 

 In 2001, the United Nations endorsed the Declaration of Commitment on HIV/
AIDS that recognized that care, support, and treatment of HIV are fundamental ele-
ments of an effective response to HIV/AIDS problem. In July 2002, the World 
Health Organization (WHO) and UNAIDS unveiled the “3 by 5” initiative, with a 
goal of placing three million people in developing countries on antiretroviral drugs 
by the end of 2005. Africa responded to UN and WHO initiatives by establishing 
comprehensive programs to address the HIV/AIDS epidemic. 

 In March 2001, Festus Mogae, the President of Botswana, announced that his 
government hoped to implement a national treatment program before the end of the 
year. This was one of the  fi rst times an African country had proposed such an ambi-
tious program. The aim was to provide treatment to 19,000 people. As a result of 
limited resources, it was decided that the program would initially target four popula-
tion groups: pregnant women with AIDS, HIV-infected pediatric in-patients, people 
coinfected with HIV and tuberculosis, and adult patients hospitalized with AIDS. 

  Fig. 5.1    HIV prevalence rate among adults aged 15–49 for 2003–2007. Source: UNAIDS 2006 
and 2007 reports on the global AIDS epidemic       
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The Botswana National Antiretroviral Therapy Program was given the name MASA, 
the Setswana word for “dawn,” and the  fi rst antiretroviral drugs were provided at the 
Princess Marina Hospital in Gaborone in January 2002. By May 2004, more than 
24,000 people had been enrolled in MASA, of whom 14,000 were receiving antiret-
roviral treatment (ART). By the end of the year, it was estimated that between 
36,000 and 39,000 people were receiving ART, including those accessing ART 
through the private sector, about a quarter of the total. MASA was achieving good 
rates of treatment adherence in terms of self-reporting, pill counts, and attending 
scheduled appointments, and this was con fi rmed by high rates of viral load suppres-
sion. By June 2005, 43,000 people were receiving ART, more than half of the 75,000 
in need. According to WHO’s  fi gures, 85% of people in need of the drugs were 
receiving them at the end of the year, including those using the private sector. 
Number of people receiving ART increased further to 170,000 in 2010, averting an 
estimated 50,000 AIDS-related deaths  [  1  ] . 

 In 2000, the Government of Nigeria started an ambitious ART program with the aim 
of supplying 10,000 adults and 5,000 children with antiretroviral drugs within 1 year 
 [  4  ] . An initial $3.5 million worth of generic ARVs were to be imported from India and 
delivered at a subsidized monthly cost of $7 per person. The PEPFAR (United States 
President’s Emergency Plan For AIDS Relief)-supported ART program began in 2004, 
and by 2006, 41 AIDS treatment centers were providing free ARVs to eligible AIDS 
patients. Due to increases in HIV/AIDS funding as a result of donations from the 
Global Fund, PEPFAR, Clinton Foundation, and World Bank, treatment scale-up 
between 2006 and 2007 was impressive, the number of individuals receiving ARVs 
increased from 81,000 to 198,000 by the end of 2007, and over 400,000 in 2011. 

 In 2003, the William J Clinton Foundation and a group of Tanzanian experts 
created a step-by-step Care and Treatment Plan (2003–2008), which was then 
adopted by the Tanzanian cabinet. By 2004, only about 0.5% of those with advanced 
HIV infection and AIDS were receiving the necessary ART. A total of $539 million 
for a 5-year period was committed to rolling out the AIDS treatment program, with 
the majority of funds coming from PEPFAR or USAID/PEPFAR and the Global 
Fund. The Tanzanian government spending on antiretroviral drugs increased from 
$2 million in 2003 to $17 million in 2005. In March 2009, about 235,000 people 
with advanced HIV infection had been enrolled, out of the estimated 440,000 in need of 
care and ART  [  6  ] .  

   Treatment Guidelines 

 To accelerate the scaling up of ART delivery in resource-limited countries, the 
WHO developed treatment protocols based on simpli fi ed guidelines and a decen-
tralized service delivery  [  7,   8  ] . Inadequate numbers of trained physicians, nurses, 
and other healthcare providers and the need for extensive laboratory monitoring of 
patients required this simpli fi cation in many settings in Africa. The WHO protocol 
enabled healthcare workers with basic training to treat a large numbers of patients. 
Clinical decision making was largely guided by clinical observation, WHO clinical 
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staging, hematology, biochemistry values, and CD4+ T-cell counts, when available. 
Originally the standard  fi rst-line regimen consisted of two nucleoside reverse tran-
scriptase inhibitors (NRTIs) (3TC and either ZDV or d4T) plus a non-nucleoside 
reverse transcriptase inhibitor (NNRTI) (either nevirapine (NVP) or efavirenz 
(EFV)) or a triple NRTI regimen. Regimens using the tenofovir-based NRTI 
(TDF + 3TC (or FTC) + EFV/NVP) were often recommended for patients with HIV/
HBV coinfection, but the higher cost of these regimens were an individual country 
guideline consideration. In 2010, WHO revised their ART guidelines and recom-
mend the use of tenofovir as  fi rst-line    regimens. Second-line regimens normally 
consisted of a boosted protease inhibitor (PI) with at least one NRTI  [  9  ] . ZDV and 
d4T are thymidine analog drugs and both select for a common set of mutations 
called thymidine analog mutations (TAMs). Accumulated TAMs induce cross-
resistance to other NRTIs. Both 3TC and NNRTIs have a low genetic barrier to 
resistance development, thus making the current standard  fi rst-line therapies 
vulnerable to resistance. Due to high costs of PIs in Africa, their use has been 
limited to second-line therapy use. Given that fewer regimens options are avail-
able in most ART programs in Africa, drug resistance is predicted to increase from 
its current levels in Africa.  

   HIV Drug Resistance 

 Access to ART for eligible patients in many African countries has greatly improved 
over the past few years. However, data on long-term clinical outcomes of individu-
als receiving ART, the prevalence and patterns of HIV resistance to antiretroviral 
drugs, and implications of subtype diversity in resistance remains limited. In the rest 
of this chapter we explore the available data on HIV-1 resistance to antiretroviral 
drugs in Africa, in relation to the drug regimens used, HIV-1 subtype diversity, and 
the prevalence of transmitted resistance. We examine data on HIV resistance associ-
ated with treatment, prevention of mother-to-child transmission, and transmitted 
resistance. 

   The Development of HIV Drug Resistance 

 The HIV-1 replication process is error-prone, leading to a high rate of mutations 
 [  10,   11  ] . Given the rapid viral turnover  [  12,   13  ] , accumulation of genetically distinct 
viruses called quasispecies in an infected individual occur readily. The diversity of 
the quasispecies changes over the course of infection in response to the host immune 
response, as well as the use of antiretroviral drugs. Drug resistance occurs upon 
incomplete suppression of viral replication when optimal drug levels are not main-
tained, either through non-adherence, treatment interruptions, or the use of suboptimal 
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drug regimens. Drug resistance can also be a result of transmission of a resistant 
virus to a newly infected individual. Each antiretroviral drug has its own resistance 
mutations pro fi le, which could be speci fi c to the drug or a class of drugs  [  14  ] . Drugs 
with a high genetic barrier, such as PIs, require the accumulation of more than one 
mutation to overcome antiviral drug activity. On the other hand, drugs with a low 
genetic barrier, including lamivudine and NNRTIs, only require a single-point muta-
tion to confer resistance.  

   Factors That In fl uence the Development of HIV-1 Drug 
Resistance in Africa 

 In Africa, poorly developed health systems create the conditions for the development 
of drug resistance in patients. There is insuf fi cient laboratory capacity and  fi nancial 
resources to perform the optimal, regular virological monitoring in patients on ART. 
In the absence of virologic monitoring, ART is primarily monitored by clinical and 
immunological parameters alone. The low sensitivity and speci fi city of these latter 
methods leads to unnecessary switches to second-line ART in the absence of viro-
logical failure, and increasing the risk that patients remain on a failing regimen for 
longer periods  [  15  ] , which may result in further accumulation of resistance muta-
tions. The availability of adequate second-line drug combinations is also limited in 
most African settings, such that patients failing  fi rst-line therapy may not have 
suf fi cient choices for second-line therapy further promoting the development of 
drug resistance. Additionally, there are important social and environmental factors 
that pose barriers to the ability of patients to adhere to the complexities of ART. 
These include the cost and logistics of regular transportation to the clinic for drug 
pickups and regular clinic visits, the necessity of food, infection control and pro-
phylaxis, and access to services represent challenges to the overall ef fi cacy of ART 
implementation. 

 The complexities of regular supply chains for ART drugs and monitoring labora-
tory tests also represent challenges to the African healthcare systems already burdened 
by poor regulation, de fi ciencies in the training of the healthcare workforce, and inad-
equate healthcare facilities that are regularly maintained  [  16,   17  ] . Moreover, Africa is 
facing shortages of nurses and doctors  [  18  ] , and these problems ultimately affect the 
quality of care, which are important factors in prevention of drug resistance. In the 
early ART treatment programs in Africa, reliance on ART drugs based on low cost 
often resulted in the use of drugs with low genetic barriers to resistance and high levels 
of toxicity. In the future, the long-term side effects of some of those frequently used 
drugs, such as d4T, could negatively affect adherence, thus promoting resistance. 
Finally, concomitant use of particular tuberculosis drugs such as rifampin could affect 
the blood levels of antiretroviral drugs such as PIs and EFV, and requires the replace-
ment with rifabutin in order to effectively treat both diseases  [  19  ] . This is especially 
important because of high rates of tuberculosis coinfection in Africa.  
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   HIV-1 Subtype Diversity and Drug Resistance 

 HIV-1 can be divided into three groups that are genetically distinct: M, N, and O. 
Groups N and O represent a small minority of HIV-1 infections in central Africa 
 [  20,   21  ] , group M is responsible for over 90% of HIV-1 infections globally, and 
has nine subtypes A–D, F–H, J, and K, and circulating recombinant forms (CRFs) 
 [  22,   23  ] . Subtype C is responsible for 56% of infections in Africa, mainly in 
Southern and Eastern Horn regions. Smaller proportions of infections are caused by 
subtypes A (14%), G (10%), CRF02_AG (7%), and other recombinants (9%) mainly 
in West Africa  [  24  ] . Subtype B predominates in Europe, North America, and 
Australia. Published data suggests that in the  fi rst 6–12 months of therapy there is 
no difference between patients in Africa and patients in developed countries in 
terms of immunological and virologic outcomes on ART  [  25–  27  ] . 

 DNA sequences of drug-naive virus isolates of non-B subtypes have shown 
that 53% and 48% of protease (PR) and reverse transcriptase (RT) positions, 
respectively, are naturally polymorphic, as compared to subtype B  [  28,   29  ] . In 
subtype B, some polymorphisms at speci fi c amino acid residues such as PR posi-
tions 10, 20, 36, 63, 71, 77, and 93; RT positions 69, 75, 98, 106, 118, 179, and 
214 are known to be associated with resistance  [  28,   29  ] . The extent to which the 
abundance of polymorphisms in the non-B subtypes alters drug susceptibility or 
clinical response to therapy is not entirely clear. Polymorphisms such as the fre-
quently occurring M36I in PR, could restore or support the replication capacity of 
resistant virus hence facilitating the emergence of resistance under drug pressure 
 [  30,   31  ] . 

 Interestingly, there is no current evidence that non-B subtypes viruses develop 
resistance by mutations at positions that have not been associated with resistance in 
subtype B viruses  [  28  ] . Analysis of various subtypes concluded that the overall 
genetic barrier to resistance was similar across HIV-1 subtypes  [  32  ] . Also, resis-
tance data from Nigeria indicate that drug resistance mutation patterns are similar 
across subtypes for the most prevalent mutations such as the NRTI mutations 
M184V/I, T215Y/F and the NNRTI mutations Y181C/I, K103N, and G190A/S. 
However, subtype-speci fi c differences were found in the M41L and D67N TAMs 
mutations and the V90I and A98G mutations associated with etravirine resistance 
 [  30,   33  ]  (Fig.  5.2a , b). In vitro studies have shown that TDF drug might select the 
K65R mutation more rapidly in subtype C than in subtype B  [  34  ] . Similarly, EFV 
rapidly selected for the V106M mutation in subtype C, as opposed to the Y181C 
mutation in subtype B  [  35  ] . This could be explained by a subtype difference in the 
genetic barrier to resistance: the wild-type V106A needs two nucleotide changes in 
subtype B, as opposed to one in subtype C. Moreover, several studies have demon-
strated subtype differences in frequency and long-term persistence of resistance 
mutations in women and infants after the use of SD-NVP for perinatal mother-to-child 
transmission (PMTCT)  [  36  ] .   
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   Drug Resistance Among Patients on ART 

 Observational data from patients on a  fi rst-line ART regimens in Africa show large 
variations in the rate of resistance, reported at 3.7–49% after at least 24 weeks on 
therapy  [  34  ] , and the most common mutations are M184V, K103N, and Y181C. In 
Ivory Coast, South Africa, Uganda, Malawi, and Zimbabwe, the most common 
PMTCT-associated mutations detected were K103N and Y181C. Resistance rates 
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ranged from 19% to 69% in women and from 40% to 87% in infants  [  36  ] . NVP 
resistance at 4–8 weeks postpartum was estimated at 52.6% in infants receiving 
SD-NVP only at delivery and 16.5% in infants with additional postpartum antiret-
roviral drugs  [  37  ] . 

 Excluding PMTCT-associated resistance, the reported resistance rates, in general, 
do not appear to exceed rates reported in industrialized countries, where the preva-
lence of resistance mutations has been estimated at 9% in patients after 2 years on 
ART, rising to 27% by 6 years  [  38  ] . Resistance outcome data on second-line regi-
mens in Africa remains limited  [  39  ] . Even less is known about the rate of resistance 
in children on ART. Studies have reported rates of resistance among treatment-naive 
individuals in Africa  [  9,   40–  44  ]  (Fig.  5.3 ). NNRTI resistance rates ranged from 0% 
to 5.6%, NRTI resistance ranged from 0% to 3.7% and primary PI mutations were 
rare. Thus, transmitted drug resistance in Africa appears to be relatively low 
compared to industrialized countries where it is estimated between 9% and 20% 
 [  45,   46  ] . However, the studies from African settings have small sample sizes and 
differ in assay methodology, the time period in which data were collected, and the 
population under study. Therefore, there is a need to bolster efforts in surveying the 
rates and characteristics of transmitted drug resistance in Africa, as the scale-up of 
ART programs in recent times may increase the risks for transmitted resistance and 
have a signi fi cant impact on the ef fi cacy and implementation of the current ART 
programs.    

  Fig. 5.3    Transmitted drug resistance mutations in Africa between 2001 and 2006  [  4,   9,   20,   28,   32,   40  ]        
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   The Way Forward: Public Health and Research Priorities 

 As the number of patients on ART in Africa grows, speci fi c measures are needed to 
maintain the momentum in the rollout of treatment and prevention programs, while 
developing effective strategies to control and prevent drug resistance. The limited 
availability of virological monitoring, detection of resistance mutations, and avail-
ability of second- and third-line therapies, poses signi fi cant challenges to the long-
term ef fi cacy of these programs. Research to determine the ART regimens with 
prolonged clinical ef fi cacy are urgently needed, and adherence to therapy must be 
promoted by  fi nding new ways to help patients overcome barriers to adherence in 
resource-limited settings. In addition, research is needed to determine alternative 
methods to inform switching from  fi rst-line to second-line therapy, in the absence of 
virologic monitoring. 

 Laboratory capacity in Africa should be improved to fully accommodate patient 
monitoring in areas such as hematology, biochemistry, CD4+ T-cell counts, and 
viral load testing. Currently, the use of conventional resistance detection methods 
such as genotypic and phenotypic assays, are limited by costs, high capital invest-
ment, and the technically skilled staff required to perform these assays. At present, 
WHO does not recommend resistance testing for individual patient management in 
resource-limited settings, although this is recommended in developed countries. 
The development of affordable and more practical alternatives for laboratory moni-
toring tools, including resistance assays, simple specimen carrier devices, in-house 
genotyping protocols, and single nucleotide mutation assays such as the ligation 
ampli fi cation assay, should be pursued actively. 

 Currently, in Africa, the emergence of acquired and transmitted resistance is not 
routinely evaluated as part of treatment programs. There is a need to determine the 
proportion of HIV-infected individuals who have developed resistance mutations, 
and the patterns of such mutations. In addition, the elucidation of speci fi c factors 
associated with resistance emergence and spread will provide crucial information 
for adjusting national and international treatment guidelines accordingly. The initia-
tion and signi fi cant roll-out of ART programs in Africa has already demonstrated a 
signi fi cant impact on the epidemiology of the epidemic. In order to further support 
the successful roll-out of these programs and to ensure the sustainability of the 
achieved quality of care, the importance of drug resistance testing to inform both 
clinical and public health policies should be considered and implemented in future 
health system strengthening efforts.      
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         Introduction 

 In the globalized world of the twenty- fi rst century, diseases have spread faster than 
ever before, aided by high-speed air travel and the trade in goods and services 
between countries and continents  [  1  ] . Collaboration between, especially, developed 
and developing countries, to ensure the availability of technical and other resources 
is a crucial factor in building and strengthening public health capacity, networks, 
and systems that strengthen global public health security. Such collaboration could 
prevent the rapid spread of disease. It is estimated that 2.1 billion airline passengers 
traveled in 2006; a disease outbreak or epidemic in any part of the world is only a 
few hours away from becoming an imminent threat somewhere else  [  2  ] . Developing 
countries, which collectively shelter over three quarters of the world’s population, 
face severe public health crises from both widespread infectious diseases, such as HIV 
epidemics, rampant TB, malaria, and viral hepatitis as well as staggering chronic 
diseases, such as cardiovascular disease and malignant tumors. Approximately 15 
million people die each year due to infectious diseases—predominately in develop-
ing countries  [  3  ] . The rapid progress of science and technology in the twentieth 
century uncovered many new forms of medicine, which greatly improved people’s 
health in developed countries. However, patent protection for medical drugs and 
patent monopoly, as stipulated by the World Trade Organization’s (WTO) Agreement 
on Trade-Related Aspects of Intellectual Property Rights (TRIPS), guarantee 
monopolizing pro fi ts. Essentially, this guarantee causes the price of patent drugs to 
skyrocket, which severely hinders the accessibility of drugs that are essential to 
public health in developing countries. 
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 After TRIPS was signed, member countries of the WTO, especially the developing 
countries, were faced with increasing public health crises and have been persistently 
seeking a new balance between patent protection and the public health interest of 
providing essential medicine to their citizens. It is clear that the old WTO regulation 
and TRIPS agreement actually prevent developing countries from getting essential 
medicines and also hinder their capability to handle the frequent attacks of emerg-
ing infectious diseases. Further development and policy advancement of the WTO 
regulations are needed to establish a new balance between the protection of intel-
lectual property of medicines and the interests of public health.  

   From TRIPS to the Doha Declaration: Building a Consensus 
Between Drug Patent Protection and Public Health Interest 

 Recent economic globalization and market growth has drawn attention to the role of 
intellectual property in international trade. As major exporters of these products, 
developed countries advocate the protection of intellectual property while developing 
countries worry that intellectual property rights only support the monopoly led by 
international companies and raise the price of the drugs and total medical costs, ulti-
mately having a negative impact on public health emergency response capability   . 
In 1995, the TRIPS agreement was implemented in Uruguay Round to join the protec-
tion of intellectual property rights and the cross-retaliation system of the General 
Agreement of Tariffs and Trade (GATT). Developing countries agreed to protect intel-
lectual property in exchange for market access and trade preferences from developed 
countries. In particular, the U.S. used its economic hegemony, along with the trade 
preference “Carrot” and the big-stick policy of “Super 301 sanctions of penalty arti-
cle” to force other countries to accept the TRIPS agreement  [  4  ] , causing con fl ict over 
the protection of intellectual property and the right to obtain essential medicines. 

 After over 5 years of debate and negotiations with pressure from the govern-
ments of mainly in developing countries and nongovernmental organizations, a con-
sensus was reached. The Doha Declaration on the TRIPS Agreement and Public 
Health (simply referred to as the “Doha Declaration”) was adopted in November of 
 [  5  ] . It states that the “TRIPS Agreement does not and should not prevent Members 
from taking measures to protect public health. Accordingly, while reiterating our 
commitment to the TRIPS Agreement, we af fi rm that the Agreement can and should 
be interpreted and implemented in a manner supportive of WTO members’ rights to 
protect public health and, in particular, to promote access to medicines for all”  [  6  ] . 
Therefore, the Doha Declaration reaf fi rms the right of WTO member states to grant 
compulsory licenses in a state of national emergency. Compulsory licensing refers 
to a government’s consent to someone other than the patent owner to produce the 
patented product or process without the consent of the patent owner. Speci fi cally in 
the medical  fi eld, the term denotes the government allowing a third party to produce 
patented drugs. However, TRIPS mandates that the drugs produced under a compul-
sory license must be used only in the domestic market, which creates a major obstacle 
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for the countries with no manufacturing capacity in the pharmaceutical sector to 
import unregistered generic drugs  [  6  ] . 

 In November 2003, the WTO Ministerial Conference announced the 2003 
General Council’s decision on the TRIPS Agreement and Public Health (a General 
Council decision) and included an amendment to paragraph (f) of Article 31 of the 
TRIPS Agreement. The  fi rst revision of the series waived the obligations of export-
ing members: generic drugs produced under compulsory licenses can be exported to 
other developing countries lacking the manufacturing capacity instead of remaining 
exclusive to the domestic market within the manufacturing country. This additional 
stipulation to the law removed obstacles hindering developing countries’ ability to 
make full use of compulsory licenses. The second revision waived the remuneration 
to patent holders from importing countries because the exporting country already 
pays it. This General Council decision resolved the previous issues of paragraph 6 
of the Doha Declaration. As a result, member states lacking manufacturing capacity 
found themselves with the means to import cheap generic drugs from countries that 
produced the drugs under compulsory licenses. 

 In December 2005, the WTO General Council adopted the Protocol Amending 
the TRIPS Agreement, which was the  fi rst amendment to TRIPS since 1995  [  7  ] . Up 
to now, many developing and developed countries have approved the Protocol 
Amending the TRIPS Agreement. Developing countries should make full use of the 
privileges introduced by this document by granting compulsory licenses in public 
health related areas or use it as a tool to acquire a voluntary license in the local 
manufacture of drugs or in negotiation for affordable drug price. These areas should 
target drugs for prevention and treatment of infectious diseases and tumors, includ-
ing HIV/AIDS, hepatitis B, as well as malignant tumors, to break the high price 
barrier of imported patent drugs and make them accessible to the respective coun-
try’s population. This direction, if taken, will signi fi cantly minimize these serious 
public health issues in China as well as in other developing countries.  

   The Implementation of Compulsory Licenses in Developing 
Countries: A Case Study 

 WTO treaties, including the Doha Declaration, the General Council Decision, and 
the Protocol Amending the TRIPS Agreement, stipulate that member countries have 
the right to grant compulsory licenses and provide necessary legal foundations for 
member countries to implement compulsory licenses. The treaties specify to what 
extent a compulsory license may be applied and exactly what constitutes a national 
emergency. Some developing countries, including Thailand, Brazil, South Africa, 
and a few others, have already made full use of compulsory licenses to deal with the 
public health crises posed by infectious diseases such as HIV/AIDS. Refer to 
Table  6.1  for information on the implantation of compulsory licenses in developing 
countries  [  10  ] .  
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   Brazil 

 In 2005, Brazil began negotiations to issue a compulsory license for kaletra 
(a second-line antiretroviral drug). Eventually the threat of this compulsory 
license led to an agreement with the patent holder, Abbott, to reduce the price of 
the drug  [  8  ] . 

 The Brazilian government has consistently sought lower prices for antiretrovi-
ral (ARV) drugs in order to support the cost of its national AIDS treatment pro-
gram, which provides free access to ARV drugs for up to 180,000 Brazilians. It is 
estimated that 75,000 of those receiving ARV treatment in Brazil will be using 
efavirenz by the end of 2007. Efavirenz (in tablets of 600 mg) was sold in Brazil at 
$580 per patient per year, which was 136% higher than the price offered by 

   Table 6.1    The implementation of compulsory license in developing countries   
 Country  Type  Type of drugs 

 Asia 
  India  Compulsory license  All drugs prior to January 1st, 2005. 

Drugs with a patent (about 8,296 
patent drugs) submitted between 
1995 and 2005, including some 
second-line antiretroviral drugs 

  Malaysia  Compulsory license  AIDS drugs 
  Indonesia  Compulsory license  AIDS drugs 
  Thailand  Compulsory license  AIDS drugs, anticancer drugs, 

cardiovascular medicine 
 Africa 
  Zambia  Compulsory license  AIDS drugs 
  Mozambique  Compulsory license  AIDS drugs 
  Zimbabwe  Compulsory license  AIDS drugs 
  South Africa  Extended the importation, manufacture, 

and voluntary licensing to other 
African countries of antiretroviral 
drugs in four generic drug 
companies in South Africa 

 AIDS drugs 

  Cameroon  Granted public procurement agencies 
the right to purchase antiretroviral 
generic drugs when the price is 
lower than that of the patent owners 

 AIDS drugs 

  Ghana  Compulsory license  AIDS drugs 
  Eritrea  Compulsory license  AIDS drugs 
  Guinea  Compulsory license  AIDS drugs 
 Latin America 
  Peru  Compulsory license  AIDS drugs 
  Brazil  Compulsory license  AIDS drugs 
 China 
  China  Threaten to use compulsory license  Oseltamivir phosphate 
  Taiwan  Compulsory license  CD-R and oseltamivir phosphate 
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Thailand  [  9  ] . The Brazilian government attempted negotiations for a lower price 
with Merck beginning in November 2006. They threatened Merck with a compulsory 
license unless Brazil could sell efavirenz at a rate equal to or less than the rate 
offered to Thailand. 

 After 6 months of unsuccessful negotiations, the Brazilian government issued 
their  fi rst compulsory license on May 4, 2007. Brazil reduced the price per day from 
$1.56 to $0.45 by buying Indian generic products. The government expected to save 
$30 million in 2007 and a total of $237 million between 2007 and 2012. “From an 
ethical point of view the price difference is grotesque,” said Brazilian President Luiz 
Inacio Lula da Silva. “And from a political point of view, it represents a lack of 
respect, as though a sick Brazilian is inferior,” he added. “Our decision today 
involves this one drug, but we can take the same steps with any other that we con-
sider necessary.” 

 Brazilian’s nongovernmental organizations (NGOs) are in strong support of this 
governmental action. The Working Group on Intellectual Property of the Brazilian 
Network has said that the government will no longer be a “Tiger without Teeth.” 
The issuance of a compulsory license was an historical decision helping to maintain 
the access to necessary medicines. 

 James Love of Knowledge Ecology International predicted “Brazil and Thailand’s 
large expansion of their market for generic versions of Efavirenz, will promote 
reduced prices, eventually reaching less than $0.24 per day”  [  10  ] . Love also added, 
“Brazil should set up a system of collective management of intellectual property 
rights and extend a compulsory license for all prescription medicines, not only for 
AIDS but also for other important health problems like diabetes, cancer, or heart 
disease.”  

   South Africa 

 The government of South Africa  fi rst issued a compulsory license in 1998 after the 
TRIPS agreement came into effect. HIV infected 15% of all South Africans and the 
HIV prevalence among its adult population was as high as 20%, among the highest 
in the world  [  11  ] . In response to the severe epidemic, South Africa passed the  South 
Africa Medicines and Related Substances Act  in December 1997, authorizing the 
government to issue a compulsory license and parallel importation. In February 
1998, a South African pharmaceutical group united 40 companies who, together, 
 fi led a lawsuit on the claim that the  South Africa Medicines and Related Substances 
Act  of 1997 is unconstitutional because it gives the Minister of Public Health the 
power to ignore the Patent Act. Ultimately, these companies faced an ethical 
dilemma of protecting patents over saving human lives and  fi nally withdrew the 
lawsuit and substantially reduced the price of the drugs. In response, the multina-
tional pharmaceutical companies pressured their own governments asking them to 
amend the TRIPS Agreement. This action resulted in the Doha Declaration on the 
TRIPS Agreement and the protocol amending TRIPS  [  12  ] . 
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 On September 19, 2002, the Treatment Action Campaign and South Africa’s 
Competition Commission  fi led a lawsuit against GlaxoSmithKline and Boehringer 
Ingelheim. These two companies were accused of charging exorbitant prices for 
ritonavir, lamivudine, and nevirapine. GlaxoSmithKline and Boehringer Ingelheim 
were also found guilty of violating the Competition Act of 1998, abusing their high-
standing positions in the ARV markets, denying competitors access to an essential 
facility, and engaging in an exclusionary act. The terms of the  fi nal settlement 
required the two pharmaceutical companies to extend the voluntary license granted 
to Aspen Pharmacare to the public and private sectors in October of 2001. This 
action granted up to three more voluntary licenses on the same terms as those given 
to Aspen Pharmacare, permitted the export of ARVs to sub-Saharan African coun-
tries, and charged royalties of no more than 5% of the net sales of the relevant ARV 
drugs. This settlement marked an historic victory in the struggle of developing 
countries  fi ghting against multinational pharmaceutical enterprises using the patent 
to establish a pro fi table monopoly over the industry  [  13  ] .  

   Thailand 

   Brief History 

 Towards the end of 2006, The government of Thailand granted compulsory licenses 
for two ARV drugs (efavirenz–lopinavir and kaletra) as well as plavix for cardiovas-
cular disease at the end of 2006 and early 2007. In September 2007, the National 
Drugs Protection Of fi ce in Thailand announced its intention to grant compulsory 
licenses for four cancer drugs: glivec and femara from Novartis, tarceva from 
Roche, and taxotere from Sano fi –Aventis. In January 2008, the compulsory licenses 
were granted to femara, tarceva, and taxotere. Glivec was exempt because Novartis 
had promised to provide glivec free of charge to cancer patients inside the Thai 
National Health Insurance Program  [  14  ] .  

   Compulsory Licenses in Thailand 

 Thailand has a severe HIV/AIDS epidemic. According to (UNAIDS) 2010 Global 
AIDS Report, there were 530,000 people living with HIV/AIDS and 12,000 new 
infections in 2009. The prevalence among adults is less than 1.3%  [  15  ] . The epi-
demic has undergone three phases: low epidemic in 1984–1990, rapid increase in 
1990–1997, rapid decline from 1997 to the present. The curb of the epidemic is 
mainly due to the comprehensive measures of public education, prevention, and 
treatment adopted by Thai government  [  16,   17  ] . Despite increased funding from the 
government, they are still far from meeting the patients’ needs and the expensive 
patent drugs remain a heavy  fi nancial toll on the Thai government. 



636 A Practical Way to Improve Access to Essential Medicines…

 Efavirenz, which is recommended by the World Health Organization (WHO) for 
HIV/AIDS treatment, has been named one of the best components for  fi rst and sec-
ond line therapy. The price from Merck was $468 per patient per year, which was 
more than double the price of Indian generics. With Merck’s original price, the Thai 
Ministry of Health (MOH) was only able to cover two-thirds of the population in 
need. After failed negotiations with Merck  [  18,   19  ] , the Thai government issued a 
compulsory license for efavirenz on December 6, 2006, and began the local produc-
tion with the government pharmaceutical organization (GPO). The price of the drug 
dropped about 50% from $67 to $38.5 per month  [  20  ] . This was the  fi rst time 
Thailand used a strategy permitted under both patent law and the Protocol Amending 
the TRIPS Agreement.  

   Lessons Learned 

 There are two lessons to be learned from the Thai practice of compulsory license. 
One is the Thai government’s planning and coordination to overcome various barri-
ers and challenges, including a remarkably orderly implementation of the “govern-
ment use” system. The Thai MOH established a government committee directing 
the government agency’s work on compulsory license to ensure that the drugs 
obtained through the compulsory license are on the national essential list for gov-
ernment use based on Article 51 of Thailand’s Patent Act of 1979, which stated that 
the government can sue the patent owner’s rights as their own under certain condi-
tions. The committee broadened the special conditions for public use of compulsory 
license drugs to include the following:

   To resolve the public health issues  • 
  To be used in emergency situations  • 
  To prevent the infection disease outbreaks  • 
  To save lives    • 

 Thai Ministry of Health committee also successfully used a compulsory license 
as an effective tool to lower the price for other ARV drugs. 

 From 2004 to 2006, the Thai government was actively negotiating the price of 
Kaletra with Abbott. In 2006, Abbott initially offered a rate of $2,976 per patient 
per year  [  21  ] . After being pressured by the Thai MOH and NGOs, Abbott lowered 
the offer to $1,000 and declared no further price reduction. Because kaletra’s cost of 
production was less than $400, the Thai MOH decided to issue a compulsory license. 
Abbott responded by arguing that the Thai government was ignoring the patent law 
and threatened to withdraw registration of all new drugs in Thailand. However, the 
WHO along with many other individual countries and NGOs af fi rmed that the 
movement of issuing compulsory licenses was consistent with International Law. In 
2007, Thailand and other developing countries succeeded in reducing the price of 
generic kaletra to $676 per patient per year  [  22  ] .    
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   The Practice of Compulsory Licenses in Developed Countries 

 Developed countries such as the USA and Canada have also made full use of 
compulsory licenses in the  fi eld of public health to maintain the national interests 
and solve public crises according to the Protocol Amending TRIPS. In October 
2001, there was a nationwide anthrax scare in USA resulting in rising demands for 
cipro fl oxacin (Cipro). Anecdotally, many health professionals believe that “it is not 
anthrax, but the price of the drugs for anthrax that caused the panic.” The US gov-
ernment was faced with a dilemma during the 2001 anthrax scare. The US govern-
ment consistently supported intellectual property protection for large pharmaceutical 
companies. Therefore, issuing a compulsory license for Cipro was a controversial 
act. In the end, the US government used the threat of a compulsory license to force 
Bayer to signi fi cantly lower its price and thus saved $276 million  [  23  ] . 

 From 2005 to 2007, the Italian government issued a compulsory license for three 
drug types, including an anti-infection antibiotic, a drug for the treatment of migraine 
headaches, and a prostate drug. The Italian government also authorized the export 
of these drugs to other EU member states. These actions are countermeasures to 
prevent monopolies under the provisions of Article 40 in the Protocol Amending the 
TRIPS agreement (James 2007). 

 Unlike the decisions of the US and Italian governments to use a compulsory license 
for their own interests, Canada, the  fi rst country to amend its domestic intellectual 
property laws according to the 2003 General Council’s decision on the TRIPS 
Agreement, used the compulsory license for the purpose of helping people in develop-
ing countries to obtain urgently needed medicines. Canada’s Access to Medicines 
Regime (CAMR) was drafted in May 2004 and became effective in May 2005  [  24  ] . 
CAMR requested the generic drug producer  fi rst negotiate voluntary licensing from 
the patent holder before issuing the compulsory license. After failed negotiation with 
GlaxoSmithKline and Boehringer Ingelheim, for a voluntary license and with petition 
from Rwanda to the World Trade Organization, Canada granted the Apotex company 
a compulsory license for TriAvir in  [  25  ]  to be exported to Rwanda  [  26  ] .  

   The Urgent Demand for Generic Drugs in Developing Countries 

   Generic Drug Demands for Infectious Diseases 

 The epidemics of AIDS, tuberculosis, malaria, and other major infectious diseases 
and the shortage of treatment drugs and preventive vaccines are the most serious 
public health problems in developing countries. Due to the lack of effective medi-
cines and necessary medical intervention, infectious diseases in developing coun-
tries threaten global public health security. WHO of fi cers pointed out that in many 
developing countries, especially in Africa, the major issue is  fi nding a way to import 
drugs for infectious diseases as soon as possible. 



656 A Practical Way to Improve Access to Essential Medicines…

 According to Joint United Nations Programme on HIV/AIDS  [  15  ]  Global AIDS 
Report, there were 33 million people infected with HIV in the world, with over 90% 
in developing countries, including 22.5 million people living in sub-Saharan Africa 
 [  15  ] . WHO, UNICEF, and UNAIDS reported that there were 14 million AIDS patients 
and HIV infected people needing ARV treatment. However, only 30% of them received 
the necessary medications  [  27  ] . Recently published research demonstrated that early 
ARV treatment in discordant couples and preexposure drug prophylaxis in MSM 
(men who have sex with men) can signi fi cantly reduce HIV transmission. These 
 fi ndings will greatly increase the demand for ARV drugs in the near future. 

 According to the WHO data in 2010  [  28  ] , there were 8.8 million TB cases, 1.1 
million TB deaths in HIV-negative populations, and an additional 0.35 million 
deaths in HIV-positive populations. In 2010, there were 5.7 million noti fi cations of 
new and recurrent cases of TB, equivalent to 65% of the estimated number of inci-
dent cases. India and China accounted for 40% of the world’s reported TB cases, 
Africa for another 24%, and the 22 countries with the highest TB rates accounted 
for 82%. Fewer than 5% of new and previously treated TB patients were tested for 
multidrug-resistant tuberculosis (MDR-TB) in most countries. The reported num-
ber of patients enrolled in MDR-TB treatment has increased, reaching 46,000. 
However, this was equivalent to only 16% of the 290,000 cases of MDR-TB esti-
mated to exist among reported TB patients in 2010. 

 China is one of the 22 countries characterized as having a severe TB epidemic, 
ranking the second after India. There are 1.3 million patients diagnosed with a TB 
infection, comprising up to 14.3% of the global incidence and 80% of which are 
from rural areas, especially the northwest part of China where the economy is least 
developed  [  29  ] . The MDR-TB epidemic in China is very severe and accounts for 
1/4–1/3 of the global incidence and is listed by WHO as one of the countries/regions 
requiring special attention  [  30  ] . All drugs available for MDR or XDR TB (exten-
sively drug-resistant tuberculosis) are brand drugs manufactured by the big pharma-
ceutical companies in developed countries. 

 The 2009 WHO World Malaria Report  [  31  ]  indicated that 3.3 billion people 
globally are threatened by malaria, exceeding half of the world’s population. Each 
year, there are about 250 million cases of malaria, 85% of which are in Africa with 
the majority being children. The most severely hit populations are in sub-Saharan 
Africa with an average of 3,000 children under the age of 5 dying from malaria each 
day. There is limited access to antimalaria treatment, especially the artemisinin   -based 
combination cocktail medicine, in Africa. In 2007–2008, 11 of the 13 African coun-
tries with available data showed that less than 15% of population under the age of 5 
with a fever received the combination cocktail medicine. In 2008, the public health 
facilities in some African countries could only meet half of the demand for antima-
laria medicines. 

 Hepatitis B virus (HBV) has one of the highest morbidity rates and is sometimes 
referred to as the “second cancer.” There are 350 million patients with chronic HBV 
infection globally, 30–40% of which are chronic HBV patients. China is greatly 
affected by this epidemic, currently with 120 million chronic HBV infection cases 
and 3 million chronic HBV patients. It is estimated that the total direct and indirect 
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loss due to chronic Hepatitis B (including Hepatocirrhosis and Hepatocellular 
Carcinoma) costs 90 billion Chinese RMB each year  [  32  ] . Since all antiviral drugs 
for HBV and HCV are imported brand drugs, most people in developing countries, 
including China, cannot afford to use the antiviral drugs for their treatment.  

   A Case Study of the Chinese Pharmaceutical Industry 

 There is a high demand for medicine in developing countries. These demands are 
increasing each year, especially in countries such as China and India with rapid 
development and improving living standards. In China, Mr. Mingde Yu, President 
of the China Pharmaceutical Enterprises Association disclosed that because of the 
recent spike in demand for medical drugs and medical reform, the market share for 
common medicine has increased to over 160 billion RMB  [  33  ] . The annual growth 
of the pharmaceutical industry in China is expected to be at 30%. It is estimated that 
the total pharmaceutical sales in China will amount to US$46 billion in 2011 with 
China as the third largest pharmaceutical industry after the USA and Japan  [  34  ] . 
A survey conducted by CSPS Parma in the top-notch hospitals (the AAA level in the 
Chinese Hospital grade system) in Beijing and Shanghai showed that foreign and 
imported medicines comprise 97% of sales and that the top 100 drugs used in those 
hospitals are all imported drugs. The gross output of China’s pharmaceutical indus-
try was 866.68 billion RMB in 2008. The total incomes of the medical and pharma-
ceutical industry were 778.79 billion RMB, with 449 billion RMB from chemical 
drugs, biological drugs, and traditional Chinese medicines. In contrast, the gross 
sale of joint venture and foreign enterprises was about 200 billion RMB, comprising 
35–45% of China’s market  [  35  ] . Essentially, half of China’s pharmaceutical market 
was controlled by the foreign companies. 

 Statistics also showed that the market expansion for the domestic pharmaceutical 
industry was about 10% while it was 40% for the international pharmaceutical com-
panies, mostly due to the patented drugs. Patented drugs usually are a dozen times 
more expensive than the generic drugs. Patented drugs only comprise about 5% of 
all drug usage in China, but make up over 20% of sales of the total drug market. 
To promote universal medical coverage, generic drugs are invariably a better 
choice for China and other developing countries.   

   Generic Drug Production Capacity in Developing Countries 

   Generic Drug Factories and their Capability in Developing 
Countries 

 China and India are among the largest global producers of generic drugs and play a 
major role in providing essential drugs to their people, including more than one-
third of the world’s total population. China is the largest producer and exporter of 
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API (Active Pharmaceutical Ingredients) supplies  [  36  ]  to many multinational 
pharmaceutical companies and takes up half of the global API market share for 
many antiviral drugs. According to incomplete statistics, the USA is China’s largest 
purchaser of API. Most of the common antibiotics API in Europe also come from 
China and India  [  37  ] . 

 The four largest API manufacturers for ARV drugs in China could supply almost 
all of the current ARV drugs worldwide. Their annual production capacity is 7,690 
tons, with 60–70% exported and with India as the largest purchaser, followed by 
western pharmaceutical companies. In response to the low demand of the Chinese 
for antiviral drugs, the four companies recently developed limited manufacturing 
capabilities of four to  fi ve off-patent ARV drugs. The annual production capacity of 
these four companies is 96 billion pills. Due to the small domestic market, the sale 
capacity was less than 1% of production capacity  [  38  ] . China has about 5,000 phar-
maceutical companies and about 10% are on a similar scale to the above four com-
panies. Many of them also have dual operations with majority API exported and 
medical drugs mainly sold in the domestic market. Chinese companies have devel-
oped many generic drugs including the popular three-ARV drug combination pill. 
Due to the patent issues, China’s State Food and Drug Administration (SFDA) does 
not accept generic drug applications for these drugs under patent protection. The 
small domestic market and the patent obstacles of the international market have 
severely restricted the ability of the Chinese pharmaceutical companies to satisfy 
the huge demands for essential medicines both at home and in other developing 
countries. 

 The Chinese companies hope that the government can implement compulsory 
licenses to improve their situation. In their opinion, if the country issues compulsory 
licenses, the generic ARV drugs they manufacture can be exported, which will 
expand the country’s production capacity and further reduce the cost of the ARV 
drugs. For instance, the price of lamivudine (3TC) could be reduced to one-tenth of 
the current price in China and nevirapine to one-tenth of its international price. 
Trizivir would only cost 1,000 Chinese RMB per year per person, which is two-
 fi fths of the lowest international price. The companies promise to provide free ARV 
drugs for the national treatment program once they gain access to the international 
market  [  38  ] .  

   The Major Role of the Indian Pharmaceutical Industry 
in the Global Market 

 The recent astounding rise of Indian pharmaceutical industry has made it the leading 
industry in the country. India ranks fourth in the global pharmaceutical market  [  39  ] . 
The swift rise of Indian pharmaceutical industry is greatly due to the production of 
generic drugs. Reddy, an Indian pharmaceutical company, started by producing 
API for Ibuprofen and exporting API of Methyldopa to Germany in 1986. Its API 
production passed SFDA (should be FDA?) certi fi cation in 1987–1990. Reddy set 
up distribution centers in America and France in 1992 and 1993. By 2005, 56 products 
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passed the US Food and Drug Administration (FDA) certi fi cation with a sales 
revenue reaching US$175 million. After 4 years of effort, Reddy’s production facility 
for Ranitidine (a nonpatent drug) passed the FDA certi fi cation in 1998, and the 
gateway for medical drugs to developed countries was opened. Currently, 35 of 
Reddy’s nonpatent drugs have passed the FDA certi fi cation. The company also 
owns many distribution sites in America (with headquarters in New Jersey) and 
Europe (with headquarters in England). Other Indian companies, such as Ranbaxy 
and Cipla, have gone through similar development paths  [  40  ] . 

 India is arguably the largest generic product production country in the world. 
It houses more than 20,000 pharmaceutical companies, around 260 of which are 
large-scale companies. India can produce nearly all popular domestic medicines 
and around 350 common medicines, which meets 70% of its domestic needs. Indian 
medicine accounts for 8% of the global medicine sales volume. It is the  fi fth largest 
producer of APIs worldwide, with an estimated market value of $0.8 billion and is 
increasing at the rate of 13.4% per year  [  39  ] . 

 Meanwhile, India is the largest exporter of nonpatent drugs; 40% of its products 
are exported to more than 100 countries  [  40  ] . Presently, the export revenue of most 
Indian pharmaceutical companies accounts for more than half of their total revenue. 
Indian pharmaceuticals companies now account for 20% of American generic drug 
market share. 

 By 2000, the exportation value of Indian generic products had reached $1.6 
billion  [  41  ] . In 2008, the confederation of the Indian pharmaceutical industry 
reported that medicine exportation accounted for 4.1% of all Indian exportation, 
and forecasted that the generic product exportation would reach US$10 billion by 
2010  [  42  ] . The International Aid Institution Oxfam reveals that more than two-
thirds of Indian generic medicine is exported to other developing countries, and that 
the successful operation of the UN Children’s Fund, Médecins Sans Frontières, and 
other aid efforts rely on the low cost of Indian generic pharmaceutical products  [  43  ] .  

   Lessons Learned from the Indian Pharmaceutical Industry 

 The success of the Indian generic drugs is greatly attributed to the Indian govern-
mental support, its unique patent laws, and the government policy. Indian premier 
Rajiv Gandhi once said, “Medical inventions are not patented, and we cannot make 
pro fi ts between life and death.” The patent law issued in 1970 declared that food, 
medicine, agricultural chemicals cannot be patented; only the method of making 
these products can be patented. Therefore, one can make the same exact product or 
drug by a different methodology according to the Indian Patent Law. This regulation 
was vital to the rise of the Indian domestic pharmaceutical industry. For many years, 
the Indian government has withstood pressure from western countries and main-
tained ef fi cient laws for generic production on the grounds of promoting health and 
equity. After its entrance into the WTO in 1995, India was pressured by western 
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countries to enter the TRIPS agreement but was granted a period of 10 years to 
adapt their patent laws to the international standards. India issued the 2004 Patent 
(amendment) Bill on December 26, 2004. This law mandates that India must begin 
accepting medicine, agricultural chemicals, and food patent applications from 
January 1, 2005. However, the Indian government stated that they would only rec-
ognize applications submitted from January 1, 1995 onwards and also declared that 
certain drugs, methods, or applications cannot be patented. At the same time, the 
Indian Patent Of fi ce maintains a unique  fl exibility in its approval process for generic 
drugs  [  44  ] . For example, if the US FDA has approved a drug, a generic version can 
be approved for use without  fi rst going through a clinical trial in India. 

 The Indian pharmaceutical industry is at a high level of internationalization. 
Facing strong foreign competitors, Indian pharmaceutical companies’ success is 
mainly due to their strong entrepreneurship, talented researchers and business devel-
opment people, and the high quality and low price of their products. India has stra-
tegically entered foreign markets by buying up the US and European local 
pharmaceutical companies. Many Indians are trained in the west and thus fully 
understand the regulation and the western culture. Their ability to communicate in 
English also simpli fi es their international work.   

   Generic Drug Use in Developed Countries 

 It is reported in the Journal of the American Medical Association that the U.S. 
President’s Emergency Plan for AIDS Relief (PEPFAR) saved an estimated 
$323,343,256 from 2005 to 2008 through the use of generic ARV drugs  [  45  ] . This 
signi fi cant cost savings contributed to PEPFAR’s ability to dramatically improve 
access to antiretroviral therapy in sub-Saharan Africa and other regions. In 2008, 
there were eight PEPFAR programs that procured at least 90% of ARV packs in 
generic form. Additionally, deliveries in Ethiopia, Haiti, Namibia, Rwanda, 
Tanzania, and Zimbabwe were more than 99% generic. The of fi cer in PEPFAR 
strongly supported the use of generic drugs because saving money ultimately means 
saving more lives  [  45  ] . One of the biggest hurdles in the rapid scale-up of ARV 
therapy in developing countries is the high cost of the ARV drugs. However, devel-
oped countries in the west and large international pharmaceutical companies are 
strongly against the compulsory licenses. They often justify their standpoint that 
they believe it is against patent law to produce generic drugs and that such ability 
will have a negative impact on the research and development of new drugs. The use 
of patented drugs is acceptable in developing countries. However, given the current 
epidemics and public health crises in developing countries, patented drugs are sim-
ply inadequate. Generic medications provide an affordable means to provide treat-
ment to more people suffering from HIV/AIDS. In order to solve the demand of 
patent drugs in developing countries, and to save more lives around the world, the 
best long-term solution can be provided by compulsory licensing.  
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   Conclusion 

 Patent protection for medical drugs is a double-edged sword, encouraging discovery 
of new drugs but at the same time limiting accessibility to patented drugs. The 
signi fi cant polarization of the rich and the poor can be translated to accessibility and 
inaccessibility of medical drugs, which equates with developed countries and devel-
oping countries. Differing from other commodities, drugs are essential for saving 
lives. The international community has reached a consensus about the con fl ict 
between the monopolies protected by patents and public health and has chosen to 
protect public health and expand the accessibility of drugs. This decision is apparent 
in the TRIPS agreement adopted by WTO General Council in 2005. Developing 
countries should use the rights endowed by Protocol Amending the TRIPS agree-
ment and issue compulsory licenses for drugs against major diseases to safeguard 
the health of their people and public health interests of their nations. 

 Some developed countries and large pharmaceutical companies had opposed the 
implementation of a compulsory license practice by developing countries, arguing 
it might hinder drug discovery research. The truth behind this claim, however, is that 
governments have the resources to buy the brand drugs. The large pharmaceutical 
companies lobbying to protect their monopolies also exert a strong in fl uence. 
However, when there is a public health threat, developed countries will issue com-
pulsory licenses without hesitation to solve the crisis. A good example is the US 
government forcing Bayer to reduce the price of Cipro using the compulsory licens-
ing as a last resort after the September 11 attack in 2001. A WHO of fi cial pointed out 
that the global economy increases at an annual rate of 1%, much lower than the 
increase of average drug prices. According to the 2007 OECD report, drugs that took 
up 6–7% of the health budget of developed countries 10 years ago doubled or tripled 
their percentage in the health budget today  [  46  ] . At the present trend, developed coun-
tries may have dif fi culties affording the high drug prices in the next 10–20 years and 
may choose compulsory licensing as a tool to solve their health care. 

 As for developing countries, drug cost takes up a much larger percentage (20–
50%) of their limited health expenditure. If strong measures are not taken, the gov-
ernment will be unable to provide enough drugs to its citizens, especially to the 
vulnerable groups. A tragic example of this occurred in the  fi rst 10 years of ARV 
treatment for HIV/AIDS. While the treatment was widely available in developed 
countries, AIDS patients in developing countries, which make up more than 90% of 
the AIDS patients worldwide, were still dying in large numbers. Some developing 
countries such as Thailand, Brazil, Malaysia, and South Africa took a bold move to 
provide generic drugs to their AIDS patients through the compulsory licensing. 
Such acts not only saved many lives, but also eased the burden of high drug costs 
and prevented the collapse of their national economies. Canada, a developed coun-
try and member of the G7, has initiated a compulsory license to provide ARV drugs 
to the HIV/AIDS patients in Africa. 

 Countries with large emerging economies, such as India, China, Brazil, and 
South Africa, are not only faced with the public health challenges of  fi nancing 
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essential drugs and vaccines for their huge population but also the responsibility to 
help other developing countries, especially the least developed countries in Africa, 
to solve their public health crises. China is the world’s largest producer of APIs, 
including more than half the global APIs used for ARV drugs and antibiotics. India 
is the world’s largest producer for generic drugs. Therefore, it is advantageous for 
all developing countries to work together for the research, production, and distribu-
tion of generic drugs. 

 Through the PEPFAR and other global health programs, the USA is the largest 
founder and the major player in the global AIDS, TB, and malaria treatment pro-
grams covering African and other developing countries. Most of the ARV drugs 
used in these US founded programs are actually generic drugs manufactured in 
developing countries, mostly in India. Additionally, the big pharmaceutical compa-
nies in the developed countries developed all of the ARV drugs and most of the 
anti-TB and malaria drugs. Some of the drugs were developed by developing coun-
tries, such as artemisinin, which was invented by the Chinese scientists. Without the 
close collaborations in the last decade between the south and the north and the 
private and public, the lives of several millions of HIV/AIDS patients, TB patients, 
and malaria patients would not have been saved. Therefore, developed countries 
and big pharmaceutical companies must ally with the developing countries in the 
war against AIDS, TB, malaria, and other infectious diseases. Due to the lack of 
such collaboration, the initial sparks of HIV infections in central Africa become a 
global AIDS pandemic killing 30 million lives in both the developing and devel-
oped world. Such tragedy can only be prevented through further strengthening 
collaboration between the private and public sectors in both developed and devel-
oping countries.      
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         Introduction 

 In 2002, the Harvard School of Public Health (HSPH) received a grant from the 
Of fi ce of AIDS Research in the US National Institutes of Health (NIH) to pursue the 
speci fi c goal of helping China to train medical doctors and public health workers in 
AIDS medical treatment. The following year, HSPH conducted its  fi rst AIDS medi-
cal training course in Shanghai, China, in collaboration with the National AIDS 
Center at the Chinese Center for Disease Control and Prevention (CDC) and Fudan 
University’s School of Public Health. 

 Since then, HSPH has conducted six such training courses and workshops on the 
same topics in different Chinese cities. The participants in these events usually 
included a group of renowned Harvard AIDS clinicians who have had many years 
of working experience not only in the USA but also in developing countries in 
southern Africa and Southeast Asia. The majority of the trainees were usually doc-
tors from the Chinese countryside, who had worked in small AIDS clinics in rural 
areas of China. In 2004, HSPH also hosted a group of Chinese AIDS workers on its 
Boston campus to help them produce a basic medical training manual that they later 
used to train thousands of village doctors and AIDS workers in Henan province and 
elsewhere in China. In 2008, the  fi fth Harvard AIDS Medical Training Course in 
China included a speci fi c workshop called “AIDS Medical Training in Resource-
Poor Countries and Regions: Public Health Challenges.” Several speakers from that 
workshop were subsequently invited to become the contributors to this book. One 
of the questions repeatedly discussed in these workshops was the title of this chapter: 
When will most AIDS patients in the world have access to effective antiretroviral 
(ARV) therapy? 
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 This is a complicated question without a simple answer. It is also one of the most 
important questions for public health workers worldwide as AIDS has become—
and shall long continue to be—an unavoidable part of our societies. The question 
eludes a simple answer because most AIDS patients in the world currently do not 
have the  fi nancial capability to pay for the ARV drugs needed for their lifelong treat-
ments. They also live in resource-poor countries or regions that lack the basic health 
care infrastructures that are essential to support effective ARV therapy. Moreover, 
as advances in research and treatment change our understandings of “effective ARV 
therapy,” the gap between effective ARV therapies and the capabilities of resource-
poor countries to attain them will continue to widen. The de fi nition of an effective 
ARV therapy in 1999 differed from that of 2009, which will in turn differ from the 
“effective ARV therapy” of 2019. The lack of basic health care infrastructures in 
resource-poor countries thus threatens to continually prevent the majority of the 
world’s AIDS patients from receiving the standard of effective care in ARV 
therapy. 

 This chapter summarizes various background information and analyses, using 
material drawn mostly from past HSPH’s AIDS Initiatives (HAI) training courses 
and workshops in China, before offering an answer to its title question.  

   ARV Drugs 

 The advent of the effective ARV therapy  [  1  ]  in 1997 changed AIDS from a fatal 
infectious disease without a cure to a medically manageable chronic disease. In 2002, 
within a span of 5 years from the date ARV therapy became widely available in the 
developed world, the death rate caused by AIDS had declined by about 84%  [  2  ] . 
Unfortunately, this reduced death rate did not extend to AIDS patients who lived 
outside of developed countries. In fact, more than 90% of AIDS patients worldwide 
who needed—and continue to need—ARV therapy live in resource-poor countries. 
They could not and cannot afford ARV drugs, which require lifelong supplies once 
treatment starts. 

 Since 1997, an effective ARV therapy has meant very different things to AIDS 
patients in different countries or regions with different socioeconomic environ-
ments. The differences include disparate availabilities of the numbers of the ARV 
drugs, unequal access to better ARV drug regimens    with improved formulations to 
reduce the drug’s side effects and increase the treatment adhesion, and differential 
access to new clinical diagnosis methods that enable accurate detection of drug-
resistant mutants. As discussed in the following sections, an effective ARV therapy 
requires not only the best ARV drugs suitable for an individual AIDS patient, but 
also necessary health care infrastructures—including periodical clinical monitoring 
and medical counseling services. Resource-poor countries and regions have neither 
the necessary infrastructure nor the ability to pay for the costs of daily ARV drugs. 
Consequently, those providing ARV drugs to AIDS patients in the developing world 
must rely on outside  fi nancial support from either international funding agencies or 
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national governments. How do such efforts fare? The annual HAI AIDS medical 
training courses and workshop in China provide a window through which to observe 
what happened in some of the resource-poor regions in China. 

 For example, at the beginning series of the training courses, many of our trainees 
were interested in learning the “common standard” of ARV therapy in the USA 
Figure  7.1  was one of the slides used in the 2008 Harvard China workshop to address 
such interests; it shows an HIV medication chart produced by the Community 
Research Initiative of New England and supported by the Massachusetts Department 
of Public Health. The chart shows pictures of the different ARV drugs available to 
the local AIDS patients. At the beginning of the Chinese national ARV therapy 
program, Chinese AIDS patients had access to only a few of the ARV drugs in the 
chart; they relied on the free-drug supplies provided by the national government. 
These drugs included AZT, DDi, D4T, and NVP, all of which were produced by the 
indigenous Chinese drug manufacturers and approved by the Chinese Food and 
Drug Administration (SFDA). Although the Chinese national government made 
these drugs available free of charge to AIDS patients living in underdeveloped prov-
inces and regions in China, the difference between the availability of these drugs in 
China and their availability in the USA was signi fi cant.  

 The situation in China has changed rapidly in the past several years. By the end of 
2010, 21 ARV drugs have received approval from SFDA and have become available 

  Fig. 7.1    HIV medication chart          
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to AIDS patients in China. All of the single NRTIs (nucleoside/nucleotide reverse 
transcriptase inhibitors) in the Massachusetts HIV medication chart in 2007 became 
available in China 2 years later. There were four types of combined NRTIs drugs in 
the chart, including atripla, combivir, trizvir, and truvada; three of them became 
available in China. All of the three non-nucleoside/nucleotide analogs (NNRTI, 
non-nucleoside/nucleotide reverse transcriptase inhibitors) also became available in 
China. Seven of the nine protease inhibitors in the 2007 Massachusetts HIV medi-
cation chart, which included eight single and one combined drugs, are available in 
China now. In addition to the fusion inhibitor in the chart, the new CCR5 inhibitor 
drug also became available in China. As discussed in the following section, some of 
these drugs are generic drugs that were produced by the Chinese drug manufactur-
ers and others were imported brand name drugs that were imported by Western 
manufacturers. Judging by this table, it seems that most AIDS patients in China 
today can receive presumably the same effective ARV treatment as Americans did 
in 2007. Unfortunately, in reality this turns out not to be the case. 

 Despite the impressive number of ARV drugs that have been approved by the 
SFDA in recent years, the supermajority of AIDS patients in China do not have 
access to most of the ARV drugs that are imported into the country by the brand 
name drug manufacturers. Because most AIDS patients in China rely on the govern-
ment to provide the free ARV drugs for their treatment, their choice of the second-
line regimen    is very limited. Except for a small number of Chinese AIDS patients, 
who have the  fi nancial means to pay for the imported drugs, most AIDS patients 
still do not have the same access to the ARV drugs listed in the 2007 Massachusetts 
AIDS medication chart. 

 There are now more than a dozen of Chinese pharmaceutical companies that 
have made signi fi cant investments to become ARV drug producers and providers. 
More companies are expected to join. Since the domestic market size of the ARV 
drugs in China is apparently limited in the near future, what is the  fi nancial driving 
force behind such rapid improvements in the ARV drug availability in China? The 
answer: the future global market. Although Chinese drug manufacturers currently 
have very insigni fi cant shares of the global ARV drug market, they supply globally 
the majority of the active pharmaceutical ingredients (API) for ARV drugs. Over the 
past several years, this majority has grown annually. The pro fi t margins for these 
Chinese drug manufacturers to produce API for ARV drugs are actually very low in 
comparison with producing the drugs directly; however, this picture can change in 
the coming years if the Chinese national government decides to take similar actions 
as the governments of India, Thailand, South Africa, and Brazil did in the past 
decade (more details in Dr. Yiming Shao’s chapter of this book). 

 The most signi fi cant obstacle for Chinese pharmaceutical companies to enter the 
global ARV drug market is the patent protections for the brand name drugs. Any 
drug manufacturer who wants to produce and sell its products globally must receive 
the Chinese FDA’s approval with regard to its compliances with Good Manufacturing 
Practices (GMP) regulations. As the national regulatory authority, SFDA is mindful 
of the fact that the patent protection issues of ARV drug are constantly under the 
global spotlights with magnifying glasses. For example, despite the fact that many 
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Chinese drug producers were capable of producing lamivudine in large quantities 
and with good quality, the SFDA only granted approval in 2008 to one of the major 
Chinese ARV drug producers, the Shanghai Disaino, after the patent protection for 
lamivudine in China expired. Soon after that, four more Chinese pharmaceutical 
companies received SFDA approval, and the export of lamivudine in 2009 increased 
nearly  fi vefold within a year  [  3  ] . Many of us in the Harvard workshops hoped that 
in the coming decade when more and more ARV drug patents expire, which include 
the majority in the 2007 Massachusetts HIV/AIDS medication chart, Chinese 
pharmaceutical companies will transform from being major API suppliers to ARV 
drug manufacturers worldwide to being major ARV drug manufacturers them-
selves. When that happens, it is perhaps possible that one day China can offer 
affordable, safe, and effective ARV drugs to the world as it does with other made-
in-China products. 

 In many discussions during the HAI workshops in China, participants compared 
the availability of ARV drugs to that of antibiotics. The advent of successful ARV 
therapy in 1997 was like the advent of commercial antibiotics in the 1940s: both 
turned lethal infections into treatable diseases. Like antibiotics, ARV drugs save 
lives, but only when they are available to patients. We now know that it actually took 
more than a couple of decades for antibiotics to become widely available through-
out the world, especially in developing countries like China. Will it take that long 
for ARV drugs? 

 Unlike the antibiotics treatment, the ARV treatment is a lifelong treatment. When 
an AIDS patient no longer has access to effective ARV drugs—whether due to drug-
resistant viruses, or personal  fi nancial hardship, or governments’ failures to continu-
ously provide the drugs—the disease becomes lethal again. This unique feature of 
ARV as an anti-infection treatment has become a huge challenge to AIDS patients, 
to their families, and to the societies in which they live. It is also clear that such a 
challenge will face future generations as well. HIV/AIDS has become a part of our 
lives, and each generation of public health workers must do its part to answer the 
challenges of its time. The challenge we face today seems obvious: making effective 
ARV drugs available to more AIDS patients.  

   Necessary Elements for a Government to Provide Effective ARV 

 When HAI’s  fi rst China AIDS medical training course was held in Shanghai in 
2003, the biggest challenge for most of our trainees was not to learn how to treat 
AIDS patients with ARV therapy medically, but it was how to overcome the lack of 
all the necessary health care infrastructure and medical personnel required for effec-
tive ARV therapy. In fact, almost all of these necessary health care infrastructures 
did not exist in 2003 in the resource-poor regions in China, where most of our train-
ees came from. For example, in most of the villages in Henan province, where the 
national free-ARV therapies were supposed to start in 2002, there was no trained 
local clinician or village doctor available at all. The villages also lacked even a 
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place to store the ARV drug supplies, let alone the necessary patient registration and 
adhesion counsels for ARV therapy. 

 Prior to the  fi rst HAI medical training course in China in 2003, Dr. Max Essex and 
his colleagues had faced similar challenges in Thailand  [  4  ]  and Botswana  [  5  ]  and 
had successfully collaborated with each country’s national public health of fi cials 
and local public health workers and clinicians. The message we were trying to con-
vey to our Chinese colleagues and trainees in the training courses and workshops 
was clear: all of these seemingly impossible requirements for effective ARV treat-
ments in resource-poor regions can be met as long as the national and local govern-
ments  decide  to provide effective ARV therapy to their AIDS patients. 

 In the subsequent training courses and workshops in China, we invited a number 
of key national, provincial, and countryside public health of fi cials who were directly 
involved with efforts to provide ARV therapy to AIDS patients in poor areas. The 
following offers a snapshot of what we have witnessed over the past several years in 
China, based mainly on presentations on building health care infrastructures by Liu 
Xuezhou (the Deputy director of the Henan provincial department of health), on the 
effort to identify and treat more AIDS patients in the province by Dr. Cui Zhaolin of 
the Henan provincial CDC, and on the medical training projects for village doctors 
by the chief physician of the Henan provincial infectious disease hospital (the 6th 
people’s hospital in Zhengzhou), Dr. Zhao Qingxia. 

   Building the Necessary Health Care Infrastructures 

 In 2004, when the AIDS epidemic in Henan province reached a crisis level, the pro-
vincial government decided to build the necessary public health infrastructures in 
order to provide effective ARV treatment to the local AIDS patients, most of whom 
were farmers who became infected with the virus after selling their plasma for money 
through illicit medical practices in the previous decade  [  6  ] . Since all of these “AIDS 
villages” (as they were called by the locals because of the high death toll caused by 
AIDS) were among the poorest villages in the region, the provincial government 
started the project by assembling the  fi eld working groups. These working groups 
included the deputies or decision-making members of the local banks, major hospi-
tals, and all key branches of the local governments—such as the departments of 
 fi nance, transportation, public security, education, industrial development—as well 
as the health department and provincial CDC. 

 The initial stages of this public health project began with the building of paved 
roads to the villages so that they could have access to the outside world. As the 
provincial department of health identi fi ed 38 villages in Henan province as villages 
that urgently needed help to control the AIDS epidemics, 38  fi eld working teams 
were dispatched who would live and work in each individual village until the initial 
public health projects were completed. These projects usually sought to establish 
four elements of a basic public health infrastructure: a paved road, a deep water 
well, a nursing home for older villagers whose children died of AIDS, and a “care 
center” for the “AIDS orphans” whose parents    died of AIDS. 
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 In order to facilitate the implementation of the national free-ARV treatment, the 
local governments also had to build many simple “clinics” for these AIDS villages. 
Such clinics were usually farmhouses, the rooms of which were converted to serve 
as a doctor’s of fi ce, a patient’s waiting room, and an ARV drug storage rooms for 
the villages and adjacent farming communities. Since most villages in the region 
never had any kind of clinic before, and since no medical personnel (such as nurses 
or trained clinicians) lived in those villages, the new AIDS clinics and the doctors 
from the provincial capital, nearby cities, or town centers quickly became an attrac-
tion to local farmers. As it was necessary for the clinics to provide other minimum 
medications to treat immune de fi ciency symptoms caused by AIDS, all AIDS 
patients enrolled in the free ARV treatment program were issued with a medical ID 
card to record their treatment histories. Being an AIDS patient in those poor vil-
lages suddenly meant having access to some basic health care services that were 
not available to non-AIDS patients in the same region. As discussed in the next 
section, this kind of minimum medical service played a signi fi cant role in imple-
menting the ARV therapy in the resource-poor regions by attracting otherwise 
unknown AIDS patients to seek diagnosis and treatment. 

 Building the paved public roads to the AIDS villages also turned out to be an 
important factor in the disease control and prevention programs. Among many vis-
ible socioeconomic bene fi ts, having access to the outside world by means of any 
kind of automobile meant that HIV-infected pregnant women could receive periodic 
counseling and did not have to deliver their babies in homes, thus making it possible 
to prevent the transmission of HIV from mother to infant.  

   Public Education Projects 

 At the  fi rst HAI China AIDS medical training course in 2003, one of the biggest 
concerns on everybody’s mind seemed to be the challenges of identifying as many 
farmers and farmers’ family members who were infected with the virus and who 
needed to be treated with ARV therapies, as possible. From the end of 1990s till the 
early part of 2000s, the AIDS epidemic in Henan was widely publicized by the news 
media, especially by international news media. The uniqueness and the special cir-
cumstances under which the epidemic spread in the region has been analyzed in 
depth elsewhere, including in the two previous books published by the editors of 
this book  [  4,   7  ] . The following discussion provides a glance at some of the events 
that happened in Henan after 2005. 

 When the AIDS epidemic was  fi rst reported to be spreading in the general popu-
lation in Henan beyond the typically high-risk populations like CSW (commercial 
sex workers), MSM (men having sex with men), and IDU (intravenous drug users), 
the biggest worry was how many people had been infected and how to  fi nd and 
treat them medically. Although most of these people were infected by contaminated 
needles, syringes, and other medical devices used during the illegitimate plasma 
collection process, they suffered from the same stigmas suffered by people infected 
with the virus elsewhere in the world. In the face of social stigmas surrounding 
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HIV/AIDS, most of the local farming community members were afraid of being 
tested for infection and were very reluctant to accept the free ARV therapy even if 
they might be very sick due to AIDS. From a public health perspective, the situation 
was truly worrisome: according to the volumes of the plasma collected in Henan 
during the 10-year period from 1990 to 2000 and the record of names of the people 
who sold blood in those contaminated plasma collection centers, the estimated 
AIDS patients in the province could number in the millions  [  8  ] . 

 As the AIDS treatment and prevention program had become a high priority for 
the provincial government, knowing exactly how many people in the province had 
been infected and were in need of help would be critical for future government plan-
ning in resource allocation and budget forecasting. Finally, in 2005, the provincial 
government launched an ambitious program focused on identifying and testing 
everyone who sold blood to the illegitimate commercial plasma trader during the 
1990s. At this point, hundreds of village AIDS clinics in the province had started to 
provide free ARV therapy with trained village doctors or nurses. Dr. Cui Zhaolin of 
the Henan Provincial CDC presented the results of this project in December 2005, 
in the 3rd HAI’s China AIDS medical training courses, revealing a number of unique 
features that were unheard of for many of us in attendance. For example, because 
the cash payment for selling plasma was very attractive to poor farmers who other-
wise had little or no commercial activities to make money, the farmers often used 
other people’s names or identities in order to sell their plasma more frequently than 
they were supposed to (i.e. more than once per week). Consequently, the real num-
ber of people who sold plasma during that period was signi fi cantly lower than the 
number of names that appeared on the record books. The provincial government’s 
program also found that in many villages, the commercial activity of selling plasma 
was so desirable and lucrative that only family members or close friends of some 
farmers were allowed to participate. Because such practices effectively restricted 
the actual number of plasma sellers, they in fact lowered the risk of infection result-
ing from cross-contamination by someone who was infected elsewhere due to high-
risk behaviors such as CSW, MSM, or IDU. These  fi ndings helped explain why 
some villages had an HIV infection rate of zero, whereas others had infection rates 
as high as 50% among past plasma sellers. Many of us believed that public educa-
tion about HIV/AIDS played an important role in encouraging people to reveal or 
admit what had actually happened beyond the record keeping.  

   Medical Training 

 In providing free ARV therapy to the hundreds of thousands of AIDS patients in 
regions lacking basic health care infrastructure and trained physicians, the biggest 
challenge was  fi guring out how to deliver the free ARV drugs to patients in their 
homes and how to supervise them to take the medicine properly day by day. Since 2003, 
thousands of village doctors, most of whom have only had a high school education or 
the equivalent thereof, went through the basic medical training by the local governments 
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with  fi nancial and technical aid from the national and provincial governments. 
International agencies and organizations such as HAI also helped. For example, a 
group of Chinese AIDS experts, including representatives from the Chinese national 
AIDS center, the provincial CDC, the provincial infectious disease hospital, and the 
AIDS clinic in Wenlou county, visited Harvard with the speci fi c task of producing a 
basic AIDS medical training manual in Chinese. After their arrival at Boston, they 
began to translate and modify the  fi eld training manuals that had been used success-
fully in HAI’s previous projects in Thailand and Botswana  [  9  ] . They visited differ-
ent AIDS clinics in Boston, including those at the Harvard Children’s Hospital (Dr. 
Sandra Burchett), Deaconess Hospital (Dr. Roger Shapiro), and Massachusetts 
General Hospital (Dr. Marcus Altfeld). As these American doctors had all served as 
the lecturers in HAI’s  fi rst AIDS Medical training course in Shanghai and had vis-
ited China the previous year, they were able to work closely with the visiting Chinese 
doctors, and provided much needed  fi rst-hand experience and lessons to the prepa-
ration of the Chinese AIDS training manual. The Chinese doctors also visited the 
Fenway Health Care Center (Dr. Ken Meyers) and spent a day in the Boston Back 
Bay community AIDS care center in Boston. 

 The  fi rst China AIDS medical training course used the “KITSO”  [  9  ]  manual, 
which had been used widely in Botswana to train the AIDS medical workers in 
Africa, as part of its training material. The Chinese visiting doctors collaborated 
with HAI members such as Dr. Richard Marlink, who was mainly responsible for 
producing the KITSO manual and managing the medical training in southern Africa. 
In order to make the manual more applicable to the Henan province, the Chinese 
visiting doctors had a number of special working sections with several AIDS experts 
at Harvard Medical School and HSPH to get their help and advice. These faculty 
experts included Dr. M. Essex (Harvard–Botswana partnership), Dr. Phyllis Kanki 
(Harvard Nigeria Program), Dr. Jean-Louis Sankale (Harvard Senegal program), 
and Dr. Marc Lallemant (Harvard Thailand Program). The production and subse-
quent revision of the Harvard AIDS Medical Training Manual in Chinese bene fi ted 
signi fi cantly from the active participation of these Harvard researchers, most of 
whom also served as lecturers at multiple annual HAI medical training courses and 
workshops in China. Several senior members of the Chinese National ARV 
Treatment Advisory Group also lectured at HAI’s AIDS medical training courses in 
China, including Dr. She Jie (then the director of the National AIDS Center in 
Beijing), Dr. Yiming Shao (the chief expert scientist in China CDC), Dr. Zhang 
Fujie (the director of the national ARV treatment program), as well as Dr. Guixien 
of Wuhan, Dr. Sun Yongtao of Xi’an, and Dr. Zhao Qingxia of Zhengzhou, who 
served as members of the HAI China AIDS Medical training program’s organizing 
committee. Many believed that it was the active participation of these famous 
international and national AIDS experts that attracted the attention of the national 
and provincial governments and international funding agencies, which in turn 
facilitated and enlarged the outreach capacity and effectiveness of the HAI AIDS 
program in China. 

 One of the unique features of the Chinese AIDS medical training program was 
the training of the ARV therapy adhesion monitors in the AIDS villages. The function 
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of these AIDS therapy adhesion monitors shared some similarity with the “DOT” 
(direct observed therapy) in the TB treatment program, except whereas monitoring 
for TB cases was designed to last only 3–6 months, the AIDS therapy monitoring 
was designed to last longer. Most of these monitors were selected from family 
members of the AIDS patients or their fellow villagers. After brief training about 
AIDS and the critical importance of the treatment adhesion in ARV therapy, the 
monitors were requested to witness a patient taking the medicine daily and to keep 
a record of the patient adhesion to the treatment. Some of the monitors were assigned 
as the group leaders in charge of monitoring the monitors’ performance. These 
group leaders usually received a minimum payment for their job from the local 
governments. 

 In conclusion, building a basic health care infrastructure, educating the public 
about the AIDS epidemic, and training suf fi cient numbers of clinicians and health 
care workers were some of the most important prerequisite elements essential for 
attaining effective ARV therapy. As these elements require signi fi cant time and 
money to establish and maintain, and since the effectiveness of ARV therapy 
depends upon the condition of these elements, it is conceivable that it might take 
many years for the AIDS patients in resource-poor countries and regions to receive 
the most effective ARV therapy even when ARV drugs are readily available. Because 
these essential elements are a part of the general health care system for a local com-
munity, one might question if it would even be possible for some of the poorest 
countries or regions to provide the ARV therapy as effectively as in the rest of the 
world.   

   Therapeutic HIV Vaccines as an Adjunct to ARV Therapy 

 Given that the effectiveness of the ARV therapy largely depends on socioeconomic 
conditions such as drug availability and the existence of a basic health care system, 
is it possible to improve current ARV therapy in such a way that will be less depen-
dent on a region’s existing resources? The development of therapeutic HIV vaccines 
as an adjunct to ARV therapy (adjunct therapeutic HIV vaccine, ATHV) may pro-
vide just such a possibility. 

 The rationale for developing an ATHV is as follows: whereas ARV therapy can 
effectively inhibit the virus replication, an ATHV could stimulate cell-mediated 
immune (CMI) responses that kill host cells harboring the virus, which serve as the 
reservoirs for the appearance of drug-resistant mutant viruses. If the ATHV approach 
indeed works, then it is possible that ARV therapy need not be an uninterrupted 
lifelong therapy. This advantage of ATHV therapy may provide an additional bene fi t 
for resource-poor regions, since most ARV therapy failures in these regions result 
from low adhesion to the strict drug-taking schedules, which enables the appearance 
of drug-resistant mutant viruses. If one could enhance protective immune responses 
while still maintaining effective ARV therapy, such immune responses might be 
able to suppress the replication of drug-resistant mutant viruses even with occasional 
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non-adhesion to the ARV therapy. In other words, ATHV may compensate for the 
effectiveness of ARV therapy lost due to low adhesion, thus making the  fi rst-line 
drug regimen last longer, and reducing the rate of the ARV treatment failure. 

 The following is a brief review of one of the development of ATHV products 
based on the scienti fi c rationale described earlier. 

 In 1999, HAI researchers reported that a fragment of Anthrax lethal factor (LFn) 
possesses a special function that enables its entering inside an antigen-presenting 
cell without being degraded like other extracellular proteins  [  10  ] . In subsequent 
years, the HAI researchers demonstrated that after LFn was fused with an HIV virus 
antigen, including the Gag, Env, and Nef, respectively, as a recombinant fusion 
protein, the LFn–HIV fusion antigens could enter into cytosol. Once inside the cyto-
sol of antigen-presenting cells, the HIV antigen would be processed by the classic 
MHC-I pathway as if the viral antigens had been produced endogenously in an 
infected host cell  [  11  ] . After it was shown that the LFn–HIV fusion techniques could 
become a new approach to make T cell vaccines that aim at eliciting antigen-speci fi c 
CMI responses for protection, HAI collaborated with the Walter Reed Army Institute 
of the Research (WRAIR) to develop the LFn–p24C into a human vaccine candi-
date. This vaccine is a recombinant protein in which the LFn was fused with the p24 
Gag protein from a subtype C virus isolated from southern Africa. In 2003, WRAIR 
successfully produced the LFn–p24C in its Forest Glen manufacturing facility in 
compliance with GMP. The new candidate vaccine also went through vigorous 
safety tests in animals in commercial testing facilities in compliance with GLP 
(Good Laboratory Practices) and obtained the satisfactory preclinical safety results. 
Finally, the candidate vaccine was tested in a phase I human clinical study in which 
16 healthy American volunteers took the vaccine without showing any adverse 
effects of concern  [  12  ] . The satisfactory result of this human safety study led to the 
decision of a Boston-based US biotech company, Vaccine Technology Inc. (VTI), to 
license from Harvard University the worldwide exclusive rights of using this new 
technology platform to develop commercial products in the  fi eld of infectious dis-
eases and in other  fi elds as well. Soon after completing the licensing agreement with 
Harvard in 2004, VTI sponsored a phase I human safety trial in 30 AIDS patients in 
Uganda in collaboration with researchers from the California Department of Health 
and the Joint Clinical Research center in Kampala, Uganda. 

 Based on the approach described at the beginning of this section, these AIDS 
patients had started to receive ARV therapy effectively (virus load <400) and their 
immune system had not been completely destroyed by the virus (CD4 > 400). 
While they continued their ARV therapies, their viral antigen-speci fi c CMI 
responses were stimulated by receiving three consecutive intramuscular injections 
of the recombinant LFn–p24C over a period of 3 months. After 12 months continu-
ous clinical observations of these patients, the researchers concluded that the LFn–
p24C was safe to use as an immune therapy in AIDS patients as well as in healthy 
volunteers  [  13  ] . 

 Another challenge emerged in determining how to measure the effectiveness of 
an ATHV. Although all the patients continued to do well in their ARV therapy, and 
although their CD4 cells seemed to increase after the injections, and although there 



86 Y. Lu

was evidence that the LFn–p24C had stimulated the antigen-speci fi c immune 
responses, these results could not directly con fi rm hopes for the ATHV concept. 

 If ATHV could stimulate HIV-speci fi c cytotoxic T lymphocytes (CTL) that kill 
HIV-infected host cells, thus destroying the host cells that harbor the provirus inte-
grated into the host genome, then it would be possible to stop ARV from time to 
time. The best possible outcome of this approach is even more staggering: if the 
CTL stimulated by the therapeutic HIV vaccine could destroy all infected host cells 
in the presence of an effective ARV drug, then it would be possible to cure AIDS. 

 In collaboration with the prominent Ugandan AIDS researchers in the national 
Joint Clinical Research Centre, and in compliance with all the international and 
local regulatory and ethical regulations, the researchers conducted a carefully 
designed study of “scheduled treatment interruptions” in the same AIDS patient 
volunteers who had previously received three injections of LFn–p24C as an ATHV 
 [  13  ] . After receiving a boost shot of the LFn–p24C, all the patients stopped taking 
their ARV drugs for 4 weeks, and then resumed the therapy with the same ARV regi-
mens they used earlier. The HIV load assays were performed before, during, and 
after the scheduled treatment interruptions. As shown in Fig.  7.2 , half of the patients 
had either undetectable or very low virus loads throughout the scheduled treatment 
interruptions. The other half had visible virus load rebounds during the scheduled 
treatment interruptions, but not after retaking the ARV drugs (Fig.  7.3 ). This was an 
encouraging result for the development of ATHV.   

 Encouraged by the initial positive clinical results, VTI’s wholly owned subsid-
iary in China (Haikou VTI;   http://www.haikouvti.com    ) in 2006 built a GMP manu-
facturing facility on the Chinese island of Hainan, aiming to apply for a product 
license for LFn–p24 in China. Since then, Haikou VTI has reengineered the LFn–
p24C construct in order to meet SFDA’s requirements. Haikou VTI has also replaced 
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  Fig. 7.2    Effect of ATHV on scheduled ARV treatment interruption  [  1  ]        
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the p24C of African origin with the p24 (B/C) of Chinese origin. In 2008, the Haikou 
VTI manufacturing facility received the GMP certi fi cate from the provincial FDA. 
In 2010, Haikou VTI successfully produced three consecutive batches of the LFn–
p24 (B/C) in compliance with the Chinese GMP. In 2011, after completing the pre-
clinical safety studies in the SFDA certi fi ed testing facilities with satisfactory 
results, Haikou VTI  fi led the new IND application in China.  

   HIV Vaccines 

 An effective HIV vaccine will be an ideal solution to stop the spread of the AIDS 
pandemic; however, HIV vaccine development has not turned out to be what people 
expected twenty or even 10 years ago. In 1985, the then secretary of US Human and 
Health Services Margaret Heckler proclaimed that a vaccine would be available in 
2 years. In 1997, then President Bill Clinton called for scientists to make an HIV 
vaccine in 10 years. Today, many scientists are debating whether it is even possible 
to develop an HIV vaccine. HIV is a retrovirus: once an infection occurs, its genome 
becomes an integrated part of a human genome. Most effective vaccines, if not all, 
can protect vaccine recipients from getting a disease, but cannot necessarily protect 
them from being infected. For the same reason, even if it is possible to develop an 
effective HIV vaccine, such a vaccine will not be able to eradicate the AIDS disease 
like the smallpox vaccine did to smallpox. 

 Since 1985, there have been three HIV vaccines tested in large-scale human 
ef fi cacy trials. The following description provides a very brief overview of where 
we stand today in the  fi eld of HIV vaccine development and with the concept of 
HIV vaccines with ARV prophylaxis. 
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   The First Phase III HIV Vaccine Ef fi cacy Trial 

 The HIV vaccine candidate that was  fi rst tested in a phase III human ef fi cacy trial 
took about 15 years from start to  fi nish. The design of the vaccine, gp120, followed 
the approach of the  fi rst successful recombinant protein-based Hepatitis B vaccine, 
which was also the most pro fi table human vaccine at the time  [  14  ] . The recombinant 
Hepatitis B vaccine used the Hepatitis B virus’s surface protein as the antigen to 
induce neutralizing antibodies in humans against the virus; similarly, gp120 was a 
recombinant protein of HIV-1 envelope protein that was shown to stimulate neutral-
izing antibodies in humans against HIV-1 viruses  [  15  ] . In 2005, the  fi rst human 
phase III trial concluded that the vaccine had no protective ef fi cacy  [  16,   17  ] . Even 
before the conclusion of the human ef fi cacy trial, most mainstream scientists already 
concluded that an effective HIV vaccine must stimulate CMI response in addition to 
neutralizing antibodies  [  18  ] . Since the recombinant gp120 could not stimulate CMI 
response, it alone would not be able to offer protection. The US biotech company, 
VaxGen, conducted the trial in Thailand and in the USA with support from the US 
NIH. The company abandoned its approach to use gp120 alone as an HIV vaccine 
soon after the conclusion of the phase III human trial. 

 The second phase III HIV vaccine ef fi cacy trial tested the approach of stimulating 
both CMI response and neutralizing antibodies, plus a new vaccination strategy 
called “prime-boost.” This class of vaccines usually contains at least two compo-
nents, one used in the  fi rst immunization as “prime” and the other used in the 
subsequent immunizations of the same individuals as “boost.” As this second gen-
eration of HIV vaccine candidates differed signi fi cantly from all the previous human 
vaccine developments and were produced with some of the most advanced biotech-
nologies in vaccine manufacturing, a brief description about this novel new class of 
vaccines may prove instructive, and is provided below.  

   The CMI-Based Vaccines 

 In order to effectively stimulate CMI responses, the HIV antigens must be expressed 
“in vivo,” meaning inside antigen-presenting cells of a vaccine recipient. This 
unique feature of most CMI-based vaccines usually requires using a live viral or 
bacterial vector that is able to deliver a gene encoding one or more HIV antigens (as 
opposed to delivering the antigens themselves) into a host cell so that the HIV anti-
gens can be expressed and synthesized as intracellular proteins. Another common 
approach to making a CMI-based vaccine is to use the “naked” DNA by injecting 
into a vaccine recipient large amounts of recombinant plasmid DNA containing 
HIV-1 structural genes, and letting the DNA molecules synthesize the HIV antigen 
inside a host cell. None of the human vaccines currently available for commercial 
usage has ever before been made in such a way.  
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   The Prime-Boost Strategy 

 This new vaccination strategy actually was necessary for any CMI vaccine candidate 
using live virus vector (or live bacterial vector like salmonella), because the host 
immunity against the vector could interfere with subsequent immunizations using 
the same vector. In order to boost CMI response to the HIV antigens more effec-
tively, the boost immunizations usually use a different type of CMI vaccine candi-
date, such as DNA vaccines. As aforementioned, none of the existing human 
vaccines require such a vaccination strategy. 

 The vaccine candidates tested in the second HIV vaccine phase III ef fi cacy trial 
were developed by Merck, which has successfully developed many of the human 
vaccines in the past. In 2009, the company announced that because the rate of HIV 
infection in the people who received the vaccine was higher than that of the people 
who received only placebo, the clinic trial had to be stopped  [  19  ] . It took the com-
pany about 15 years from the beginning of the vaccine development research to the 
unsuccessful conclusion of the phase III trial. Like VaxGen, Merck suspended its 
active development program on HIV vaccines. 

 According to the publications after the completion of the clinical trial, one pos-
sible reason for the vaccine failure was related to the fact that some of the people 
who received the live virus-based vaccine in fact had preexisting immunity against 
the vector virus. 

 The third HIV vaccine phase III ef fi cacy trial was conducted in Thailand by the US 
military’s AIDS research program, in collaboration with the Royal Thai Army. 
Although the vaccine candidates tested in this trial were also designed by the same 
prime-boost strategy and in accordance with the principle that both CMI and neutral-
izing antibodies are required for protective ef fi cacy against HIV-1, it also took into 
account the lessons learned from the previous two ef fi cacy trials. First of all, the 
vaccine avoided using a live viral vector that may have preexisting immunity in 
humans. Second, it used the recombinant gp120 to speci fi cally boost the induction of 
neutralizing antibodies against HIV. This vaccine trial was concluded in 2011  [  20  ] . 
The result showed a protective ef fi cacy rate of 31% for the vaccine candidates. 

 The full impact of this last HIV vaccine phase III ef fi cacy trial is still unclear. To 
many, such a low protective ef fi cacy should mean that the current understanding of 
the AIDS pathogenesis, the available technologies, and the vaccine development 
approaches are simply insuf fi cient to make a successful HIV vaccine. More basic 
research on the virus, the human immune system, and vaccinology are needed in 
order to make an effective HIV vaccine, assuming an HIV vaccine is even possible 
to make. The more than 20 years and many US$ hundreds of millions needed to get 
the results of the three unsuccessful phase III ef fi cacy trials warrant a reevaluation 
of current HIV vaccine development strategies. Other human vaccines usually took 
an average of 10 years and about US$100 million to reach the market  [  21  ] . The HIV 
vaccine development is obviously an exception. 

 When will the next HIV vaccine ef fi cacy trial be conducted? Before answering 
this question, one needs to know that the HIV vaccine development is very unique 
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in the history of the vaccine industry. Unlike all other human vaccine developments, 
HIV vaccine development has relied heavily on public funding for support. The US 
NIH has provided signi fi cant funds to all three past HIV vaccine ef fi cacy trials, and 
the last vaccine trials were almost completely supported by the US government. 
Therefore, judging by the current pessimistic atmosphere in the public sector 
towards HIV vaccine development, and by the lack of active involvement from any 
major pharmaceutical companies to develop new vaccine candidates, it is likely that 
there will be no more HIV vaccine phase III ef fi cacy trials in the near future. 
Consequently, it becomes more and more unlikely that there will be an effective 
commercial HIV vaccine available in the coming decade, or even thereafter. 

 In the face of a 30-year past of a continuously spreading AIDS epidemic, the 
thought of having no effective vaccine for the next 10 or more years is almost 
unbearable, especially to public health workers in developing countries. This dark 
picture is not, however, inevitable. The following discussion explores some possible 
alternative approaches to the HIV vaccine development.  

   ARV Prophylaxis 

 In 1987, the  fi rst FDA-approved anti-HIV drug AZT was recommended for use as a 
prophylactic treatment for hospital staff who had been accidentally exposed to the 
virus. Then, in 1991, it was reported that treating HIV-infected pregnant women 
with ARV therapy could protect unborn babies from being infected by HIV-1 before 
or after birth  [  22  ] . Since then, using ARV to prevent mother-to-infant transmission 
of HIV has become standard practice—even in some resource-poor regions (see the 
chapter by Dr. Zhou in this book). The success of this approach to protect unborn 
babies from being infected by HIV actually approved the concept of ARV prophy-
laxis. It has become perhaps one of the most effective public health measures in the 
absence of an effective HIV vaccine. 

 Harvard researcher Max Essex  fi rst advocated the concept of using ARV prophy-
laxis as a substitute HIV vaccine. In 2007, Max Essex, Bob Gallo, Bob Red fi eld, 
and Bill Haseltine proposed it again in a public meeting and published the analysis 
in the popular magazine “Atlantic”  [  23  ] . Since all ARV NNRT and NRT drugs act 
to inhibit the function of HIV-1’s reverse transcriptase, thus preventing the virus 
from replicating in the very early stages, it is conceivable that ARV prophylaxis 
may even be able to prevent infections as well as disease progression, especially 
when using NNRT or NRT in combination with a viral entry blocker drug like T-20 
 [  24  ] . If one can develop such ARV combination drugs with a long-lasting effect, 
ARV prophylaxis may indeed become a “substitute vaccine.”  

   HIV Vaccines with ARV Prophylaxis 

 If one combines the HIV vaccines as tested in the last phase III ef fi cacy trials 
together with ARV regimens that is designed to be taken periodically, will one get a 
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more effective vaccine? In other words, can vaccine-induced neutralizing antibodies, 
CMI responses, and ARV act in synergy to offer effective protections? In theory, the 
answer is a “yes.” Vaccine-induced neutralizing antibodies can prevent viruses from 
binding effectively with their receptors on the host cell membranes. For those 
viruses that escape the host protection by neutralizing antibodies, a T-20-like fusion 
peptide-based ARV drug can block viruses from entering into the host cells by 
inhibiting the fusion process between the membranes of the viruses and the host 
cells. For viruses that escape both neutralizing antibodies and fusion inhibitor ARV, 
one or more NRT and NNRT drugs can block the functions of the viral reverse tran-
scriptase, thus preventing HIV-1 from converting its RNA genome into a DNA-
based provirus that is essential for integrating the viral genome into the host genomic 
DNA. When viruses manage escaping all host protection listed earlier and success-
fully integrate into the host cell genomes, vaccine-induced CTLs can recognize and 
kill the infected host cells that produce new viruses. Considering the fact that the 
current vaccine candidates are safe to use and can stimulate neutralizing antibodies 
and CTLs, and that NRT/NNRT/T-20 ARV regimens have been used safely and 
effectively, testing such a hypothetical HIV vaccine with ARV prophylaxis should 
be feasible. 

 There may be various ways to use the proposed HIV vaccines with ARV prophy-
laxis by applying the ARV components periodically according to high-risk factors 
associated with particular communities who receive the vaccine.   

   Summary 

 As should by now be evident, there is not a simple answer to the question asked at the 
beginning of this chapter. Any answer will have to depend on several unknown fac-
tors, including the global supplies of generic ARV drugs in the coming years, the level 
of the international and domestic funding to provide ARV drugs and help to build the 
necessary public health infrastructures, and the successful product developments of 
ATHV and HIV vaccines. Figure  7.4  was used in the discussions during the HAI’s 
AIDS medical training courses and workshops in China to illustrate the impact and 
relationship between these factors. This  fi gure was formulated as a socioeconomic 
balance between the global supply of, and demand for, ARV therapy.  

   The Availability of ARV Drugs May Not Improve Signi fi cantly 
in the Next 10 Years 

 According to the UNAIDS’ latest report, there were 33.3 million people living with 
HIV/AIDS worldwide who either needed ARV therapy now or in the near future. In 
2009, about 5.25 million AIDS patients received ARV therapy  [  25  ] . Approximately 
90% of these patients lived in low- and middle-income countries and relied on 
public funding for their ARV drug supplies and treatment monitoring and counseling. 
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Thus far, the biggest resource for public funding came from the US Presidential 
Emergency Program for AIDS Research (PEPFAR), which provided US$ six billion 
in 2009 alone to support the ARV therapy in developing countries, and especially in 
Africa  [  26  ] . 

 Since its inception in 2002, PEPFAR has provided more than US$32 billion to 
support ARV therapies in developing countries where AIDS therapy was badly 
needed but unavailable without signi fi cant outside  fi nancial help. In many ways, 
PEPFAR has become the most signi fi cant driving force in making effective ARV 
therapy available to more AIDS patients in the resource-poor countries or regions. 
In order to make ARV therapy available to more AIDS patients who need it, the best 
hope seems to rely on the US government to expand the current PEPFAR or to 
expand, together with other industrial nations, international funding agencies such 
as the Global Funds. 

 Realistically, however, there are growing concerns about how long PEPFAR can 
last, and whether the program can even maintain at the current level of the funding. 
As effective ARV therapies should be lifelong therapies, the consequences of inter-
rupting the therapies because of discontinuous  fi nancial support would be nothing 
but disastrous. Judging by the performance of the global economy in the past few 
years, and by the heated US domestic political debates about the current US federal 
de fi cit, one cannot help worrying about the future of programs such as PEPFAR and 

  Fig. 7.4    Global demand and supply of ARV therapy       
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Global Funds. It may actually take much longer to make effective ARV therapies to 
most AIDS patients in the world than any of us had anticipated before the 2008 
global  fi nancial crisis. 

 Without international funding to resource-poor countries and regions, the high 
cost of the ARV drugs is simply unattainable for the majority of AIDS patients in the 
world. In 2009, the weighted cost of the  fi rst-line regimen for an AIDS patient in 
low- and middle-incomes was about $141 per year, and $1378 per year for the sec-
ond-line regimen. 

 If resource-poor countries cannot count on international funding to  fi nance the 
ARV therapy in their own countries, they will have to search for an alternative 
solution. Given the weighted costs for ARV treatment listed earlier, the potential 
global market for the  fi rst-line regimen will be about US$ 4,695 million and $15,158 
million for the second-line regimen, assuming 1/3 of the AIDS patients receiving 
the  fi rst line ARV treatment will require a second-line regimen. In the coming 
decade, when the patent protections for most of the current brand name ARV drugs 
will gradually expire, one of the most effective and reliable ways to improve access 
to ARV drugs is for developing countries to build their own drug manufacturers. In 
fact, some countries, such as India, South Africa, Brazil, Thailand, and China, have 
already had success in this endeavor. Others, such as Uganda, Tanzania, Zambia, 
Ghana, and Zimbabwe, have also made signi fi cant progress towards this goal. It is 
possible that after 2020, these developing countries could become self-suf fi cient in 
their domestic need for ARV drugs, and the resource-poor countries could purchase 
ARV drugs from the most cost-effective international suppliers. 

 Unfortunately, the current situation will become worse before it gets better. There 
were 2.6 million new HIV infections and 1.8 million deaths caused by AIDS in 
2009  [  25  ] . If this trend continues, both the number of the people who need ARV 
therapy and the number of AIDS patients who need continuous support for their 
ARV therapy will increase at a faster rate, thus further outpacing new ARV therapy 
and HIV vaccine developments.  

   The Essential Public Health Infrastructures in Resource-Poor 
Countries May Not Improve Signi fi cantly in the Next 10 Years 

 As discussed in previous sections, an effective ARV therapy requires basic health 
care infrastructure such as medical counseling and clinical monitoring, as well as 
lifelong ARV drug supplies. Such basic health care infrastructures simply do not 
exist in resource-poor countries and regions, and building such infrastructure is far 
beyond the  fi nancial capacities of the local governments without outside help. 
According to the PEPFAR expenditures in the past several years, these international 
aid programs need to double or quadruple in size within the next few years in order 
to meet the growing global demands for effective ARV therapies. Given the current 
state of funding programs and public support, this is unlikely to happen.  
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   ATHV Can Make the Global ARV Therapy Possible 

 The most dif fi cult part of an effective ARV therapy is its requirement of lifelong 
treatment. If an ATHV described in the previous sections can destroy the remaining 
host cells that harbor the virus, thus eliminating the potential reservoir in which the 
virus can replicate, then it can fundamentally change the prospects for future ARV 
therapy. In other words, if AIDS can be cured, and not require lifelong medical 
treatment, then making the therapy available to most AIDS patients in the world can 
become feasible in the foreseeable future.  

   New HIV Infections Have to Be Reduced Signi fi cantly Before most 
AIDS Patients in the World Can Receive Effective ARV Therapies 

 Without a cure for AIDS, effective ARV therapies require more and more AIDS 
patients to depend on  fi nancial support to survive, thus creating a snowball effect on 
the growing demand for public health resources to the point where therapy becomes 
unaffordable. Without an effective HIV vaccine candidate on the horizon, an HIV 
vaccine with ARV prophylaxis may be the most effective method to prevent new 
HIV infections. 

 In conclusion, if the current international  fi nancial support can be increased very 
signi fi cantly, then it is possible for most AIDS patients in the world to receive effec-
tive ARV therapy in the next 10 years. If AIDS can be cured by ARV therapy with 
a therapeutic HIV vaccine, then it is also possible to treat most AIDS patients in the 
world. The global public health programs on TB treatment and prevention offer just 
such precedents. Finally, an effective HIV vaccine, with or without ARV prophy-
laxis, offers the best solution to prevent future generations of public health workers 
from having to face the challenges of AIDS forever.       
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