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Abstract Increasing evidence suggests that dramatically
increasing access to effective and well-tolerated antiretro-
viral medications is key to reversing the HIV pandemic.
Currently used first-line therapies in developing countries
have multiple toxicities that cause significant morbidity and
mortality. New World Health Organization HIV treatment
guidelines support earlier treatment initiation and the use of
less toxic first-line therapies. Adoption of these guidelines
requires political and financial commitment from multiple
stakeholders including country governments and donors.
This review summarizes the major adverse effects associ-
ated with commonly used ARV regimens in low-income
countries and also analyzes some of the barriers and
potential solutions that affect the ability of low-income
countries to implement the new World Health Organization
guidelines.
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Introduction

Despite significant advances in scaling up antiretroviral
treatment in low- and middle-income countries, HIV

continues to be a crisis of global proportions [1]. More
and more, HIV is becoming two separate epidemics. In
high-income countries, HIV is becoming a chronic disease
with relatively low prevalence, steady incidence, and
dramatically decreasing mortality [2]. The situation in poor
countries is markedly different. In these countries, HIV
prevalence and death rates continue to be high, although
incidence peaked in 1996 and has declined slightly since
[1]. In highly affected countries, not only is personal and
population health affected, economic and educational
development have slowed or reversed [3].

Driving these divergent epidemics is differential access
to affordable and well-tolerated antiretroviral (ARV) treat-
ment. As of 2008, global health initiatives like the Global
Fund to Fight AIDS, Tuberculosis and Malaria (The Global
Fund), and the President’s Emergency Plan for AIDS Relief
(PEPFAR) have succeeded in putting approximately 4
million people on treatment in the developing world [1].
However, even using older World Health Organization
(WHO) treatment standards, this represented only 42% of
all adults and 38% of children in the developing world who
were in immediate clinical need of ARV treatment [1]. At
current rates of HIV treatment funding, the gap between
those receiving treatment in low-income countries and
those in need of treatment will grow even larger because
of new infections, recent evidence supporting starting HIV
treatment at higher CD4 levels [4], and the fact that people
on ARV regiments are living longer [1].

In addition to a persistent need for scaling up treatment,
there is also an immediate need to improve the ARV
regimens used in low-income countries. The majority of
people living with HIV in poor countries are taking a
regimen of stavudine, lamivudine, and nevirapine, typically
as a fixed-dose combination. This regimen has benefits,
including a low pill burden and simple dosing schedule,
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and at $80 per patient per year, this is the least costly,
effective triple therapy available. This economic savings
loses much of its attraction, however, when the human
impacts of adverse effects and costs of regimen failure are
considered.

Adding to direct effects of adverse drug effects onmorbidity
and mortality, intolerance to medications has been shown to
strongly affect drug adherence [5•]. This adverse effect on
adherence may be particularly severe for drugs with a
negative impact on appearance and that cause adverse effects
such as lipodystrophy [6]. In low-income countries with
limited formularies, second-line or salvage regimens may not
be available. When available, even the cheapest second-line
regimens are nearly eight times more costly than first-line and
involve more complex dosing schedules and monitoring, and
third-line regimens are 30 times more expensive [7••]. Thus,
ensuring the tolerability, durability, and efficacy of first-line
regimens is of utmost importance. Similarly, there is evidence
that investing in adherence is cost effective [8].

Effective treatment is also a crucial component of compre-
hensive prevention efforts. ARV mediations have been shown
to dramatically reduce viral load on both the individual and
population level, leading to decreased rates of both vertical and
horizontal transmission [9]. Observational studies and more
recently expert modeling have shown that with regular adult
testing and prompt initiation of optimal regimens, the HIV
reproduction ratio could drop to less than one, leading to an
eventual prevalence rate of less than 1%, even in a high-
prevalence country such as South Africa [9]. Universal access
to potent regimens with acceptable side-effect profiles thus
becomes an important tool in stemming the pandemic.

In late 2009, following a study showing that treatment
should be initiated earlier in resource-limited settings [10],
the WHO released new HIV treatment guidelines that
reflect the need to scale up treatment and improve
tolerability of medications. The guidelines recommend that
first-line ARV regimens now contain tenofovir as opposed
to stavudine and recommend treatment be initiated at a CD4
count of 350 as opposed to 200 [11]. However, there is a
long road from recommendations on paper to actual
country-based policy change and implementation. This
review summarizes the major adverse effects associated
with the commonly used ARV regimens in low-income
countries and also analyzes some of the barriers and
potential solutions that affect the ability of low-income
countries to implement the new WHO guidelines.

Adverse Effects of Commonly Used ARVs
in Low-Income Countries

Stavudine, zidovudine, and nevirapine, all commonly used
ARVs in low- and middle-income countries, have multiple

adverse effects that are often potentiated by underlying
factors affecting the population, including hepatitis B and
malnutrition [12•]. High rates of adverse drug reactions
have led to morbidity, mortality, and increased rates of
nonadherence and regimen change [13].

Stavudine has been most commonly associated with
lipodystrophy, peripheral neuropathy, and lactic acidosis.
The most fatal complication, lactic acidosis, disproportion-
ately affects women, those with higher body mass index,
and those with better adherence. Unfortunately, lactic
acidosis has a protean presentation and a high case
mortality of 29% to 57% [14, 15].

Peripheral neuropathy and lipodystrophy are more
common, with prevalences in low-income countries
ranging from 20% to 56% and 4% to 24%, respectively
[16, 17]. Peripheral neuropathy not only causes significant
discomfort, it may also be economically crippling for
patients in low-income countries whose livelihoods de-
pend on the ability to perform rigorous manual labor [12•].
Lipodystrophy’s effect on visible areas of the body,
including the face and abdomen, is quite stigmatizing for
patients. The combination of these two common and
difficult-to-manage adverse effects likely significantly
contributes to the high rates of regimen change for
stavudine-based highly active antiretroviral therapy
(HAART) of 24.6% [18]. Although some of stavudine’s
toxic effects may be decreased by WHO-recommended
dose reduction to the 30-mg strength, this dose may be
unavailable in fixed-dose combination tablets available on
national formularies [19].

Treatment with isoniazid as an anti-tuberculosis (TB)
medication may amplify stavudine’s propensity to cause
peripheral neuropathy. A recent study in South Africa
showed patients started on stavudine-containing HAART
and isoniazid-containing anti-TB therapy had greatly
increased rates of peripheral neuropathy and a hazard
ratio for stavudine substitution that was seven times
higher than those not on anti-TB medications [20]. This
result was statistically significant. When considering the
overall HIV-TB co-infection rate of 65% to 80% in sub-
Saharan Africa, this treatment interaction becomes even
more important [21].

Zidovudine is also poorly tolerated in low-income
countries, with one study noting 31.2% of those on
zidovudine-containing regimens required a regimen
change [18]. This major adverse effect of zidovudine is
anemia. Anemia may be more severe in countries where
malnutrition is common [22]. Although zidovudine has
much lower rates of lipodystrophy, peripheral neuropathy,
and lactic acidosis than stavudine, these adverse effects
are still more common with zidovudine than with newer
nucleoside reverse transcriptase inhibitors (NRTIs) such as
tenofovir [23].
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The most commonly used non-nucleoside reverse
transcriptase inhibitor (NNRTI) backbone, nevirapine, is
associated with serious hepatotoxicity and rash. In many
high-income countries, nevirapine is relatively contra-
indicated for those with high CD4 counts. However,
cost-containment measures and simplified national regi-
mens do not allow for this restriction in most low-
income countries. Thus, rates of serious hepatotoxicity
have been reported to be as high as 17% to 50% [24].

Pricing and Price Reduction Measures

The price of less toxic medications has prohibited most
low-income countries from including them as first line
ARVs. But one must ask the questions: what are the major
drivers of this cost and are there interventions that may be
taken to reduce the cost?

To answer these questions, a brief examination of the
recent history of ARV pricing is required. The combination
of stavudine, lamivudine, and nevirapine was not always an
inexpensive option. In fact, in May 2000, the price of this
combination was a little more than $10,000 USD per
patient per year [7••]. It was only after treatment advocates
pushed for increased access to generic medications that
competition between brand and generic manufacturers
resulted in dramatically reduced drug costs (Fig. 1). Generic
competitors were also able to combine several medications
from different originators, thus creating the effective and
easy-to-use fixed-dose combinations that are currently
recommended in low-income countries by the WHO.
Today, we have Triomune (Cipla, Mumbai, India), a single
pill combining stavudine, lamivudine, and nevirapine that
costs $80 USD per patient per year [7••]. The resulting

lower costs and simplified regimens of ARVs essentially
made it possible for low-income countries to treat HIV.

Unfortunately, rules regarding intellectual property rights
(IPRs) continue to threaten access to generic medications in
low-income countries. The 1994 World Trade Organization
agreement on Trade-Related Aspects of Intellectual Prop-
erty Rights (TRIPS) requires nearly all World Trade
Organization member countries to support minimum stand-
ards for IPRs, including a minimum duration of 20 years
for patents on medications. This represented a change for
the many countries that, at the time, did not grant patents
for medications [25]. The major significance of the TRIPS
agreement is that it may prevent the development of generic
alternatives to newer, less toxic HIV medications and thus
keep prices high for expanded, more effective, and better-
tolerated regimens. For example, in 2005, India, which
produces approximately 85% of generic antiretroviral
medicines, became TRIPS-compliant, meaning that India
could not make generic versions of any medications
covered by valid post-1994 patents [26]. Thus far, three
important new ARVs have been patented in India:
etravirine, maraviroc, and raltegravir [7••].

Data exclusivity is another important IPRs barrier to
reducing ARV costs through robust generic competition.
Although TRIPS only requires protection of undisclosed
data involving new chemical entities from unfair commer-
cial use, the United States and Europe have tried to impose
TRIPS-plus data exclusivity rules to prohibit drug regula-
tory authorities in developing countries from referencing or
relying on clinical trial and other data in order to assess the
safety and efficacy of a follow-on generic equivalent. Thus,
data exclusivity can prevent drug registration for a fixed
period of time even where a patent is not in effect, thereby
requiring generic manufacturers to engage in lengthy,

Fig. 1 Effect of generic drug
competition on antiretroviral
prices for first-line regimen of
stavudine, lamivudine, and
nevirapine (D4t/3tc/NVP).
(From Medecins San Frontiers
[7••]; with permission.)
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costly, and potentially unethical clinical trials to gain
marketing approval [27]. Few companies, if any, are willing
to do so; thus generic entry is delayed.

Beyond data exclusivity, other registration-related bar-
riers exist that reduce access to affordable, quality generics.
Originator or generic companies must register their drugs
on a country-by-country basis, and the registration proce-
dures may be complex, costly, and time consuming. In
countries where companies do not see a significant profit
margin, there is little incentive to initiate registration [27].
Many important ARVs have not been widely registered in
poor countries with high HIV burden [27].

A number of useful tools have been developed to
reduce costs of antiretroviral medications for low-income
countries. The WHO has attempted to streamline drug
registration procedures by creating the Prequalification
Programme. The Prequalification Programme provides a
stringent international standard for assessing medications
for quality, safety, and efficacy [27]. This stamp of
approval can be used by aid agencies and countries
wishing to fast-track access to generic medicines of
assured quality. At this time, however, the information
from the Prequalification Programme has not been fully
used by countries, as many countries’ drug regulatory
bodies do not yet use fast-track mechanisms to expedite
registration of prequalified drugs [27].

IPR holders have two mechanisms whereby they can
voluntarily increase access to more affordable medicines.
The first is by offering price discounts and the second is by
granting voluntary licenses allowing others to manufacture
and sell the medicine in select territories. There is now an
established practice of tiered or discount pricing by
companies that hold patents on older antiretroviral medi-
cines, but these prices rarely if ever match the prices offered
by generic companies [7••]. Voluntary licenses are granted
at the discretion of originator pharmaceutical companies
and may not be granted in a timely fashion, if at all [25].

A clarification to the WTO TRIPS Agreement, called the
Doha Declaration on TRIPS Agreement and Public Health,
states that the TRIPS agreement should not interfere with
the ability of countries to protect the health of the public
and to assure access to medicines for all [28]. Included in
this declaration was a clarification about the rights of
countries to issue involuntary or compulsory licenses and to
comparison shop for cheaper medicines via parallel
importation. A compulsory license allows a government
authority to declare a public health need to access an
affordable generic version of a medication and to license
one or more generic manufacturers to produce it. Compul-
sory licensing has the potential to be a powerful tool to
ensure the availability of generic ARVs and to allow
generic competition to reduce prices. For example, when
Brazil and Thailand issued compulsory licenses for generic

efavirenz, the cost per unit rapidly fell by 77% and 58%,
respectively [29].

However, issuing compulsory licenses is relatively
complicated, especially for countries that need to import a
medicine because of their lack of domestic pharmaceutical
capacity [25]. Moreover, attempts by countries to issue
compulsory licenses have been met by hostility and
retaliation from pharmaceutical companies and from trade
authorities. For example, in 2007 when Thailand issued a
compulsory license on Abbott’s drug Kaletra, Abbott
retaliated by withdrawing registration applications not only
for heat-stable lopinavir/ritonavir tablets, but for seven
other medications, thus making these medications unavail-
able in Thailand [30]. Similarly, the United States Trade
Representative immediately placed Thailand on its 2007
Special 301 Priority Watch List [31].

Recently, UNITAID has led the way to develop the idea
of a patent pool. Originator companies would voluntarily
enter their patents, data reference rights, and possibly even
their proprietary know-how into such a pool and generic
manufacturers would be able to license these rights to
create generic medications [32]. Importantly, medications
from multiple patent holders in this pool could be combined
into new fixed-dose combinations for first-line and second-
line use in low-income countries. Generics could also
produce new pediatric formulations and combinations. The
terms and conditions of establishing the patent pool as a
separate legal entity are currently under discussion. One
important area of future negotiations with patent holders is
the ability of the patent pool to be used to supply middle-
income countries. It is important that generic manufacturers
have access to middle-income country markets to provide
financial motivation for the production of generic medi-
cations, especially second-line medicines for which there is
currently only limited demand in low-income and sub-
Saharan countries. By the same token, it is important for
originator companies to protect these markets by maintain-
ing patents in middle-income countries [33•]. Although the
patent pool is a powerful concept, it is yet to be seen if
negotiations will reach a useful conclusion.

In addition to patent and regulation issues, assured
purchasing power and economies-of-scale can theoretically
play an important role in price reductions. Large funding
mechanisms such as PEPFAR and the Global Fund provide
for favorable market conditions, including bulk purchasing
and predictable demand, that have all helped to decrease
prices of commonly used first-line medications such as
stavudine, lamivudine, nevirapine, and zidovudine [34].

Finally, innovative approaches such as those taken by
the Clinton HIV/AIDS Initiative (CHAI) combine with
economies-of-scale to further lower ARV prices. CHAI
works with generic companies to negotiate lower prices and
with country partners to ensure prompt payment while
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providing direct technical assistance to manufacturers to
help reduce production costs [35]. Since 2006, when CHAI
partnered with UNITAID to harness the power of bulk
procurement, drug prices obtained through this partnership
have fallen by 43% for commonly used adult ARVs and
64% for commonly used pediatric formulations [36]. Thus,
in mid-2009, CHAI announced a newly negotiated price for
a regimen of tenofovir, lamivudine, and efavirenz of $210
USD per patient per year, making a tenofovir-based
regimen almost as affordable as a zidovudine-based
regimen

Given the reduced cost of tenofovir-based regimens, new
cost-effectiveness data have emerged supporting the use of
tenofovir in first-line therapy. A study from India took into
account ARV efficacy, toxicity, and adjusted for quality of
life for regimens that included stavudine, zidovudine, or
tenofovir as first-line therapy. It was found to be most cost
effective to use tenofovir as first-line therapy, with a cost-
effective ratio of $670 USD per quality-adjusted year of life
saved[37••]. A study from South Africa also supported that
it would be cost-effective to use tenofovir as first line
therapy when considering quality-adjusted life years [38].
This analysis might need to be recalibrated to take into
account new evidence of tenofovir-related declines in
kidney function [39].

Given these data, it is becoming favorable for countries
to move toward less toxic regimens that include tenofovir.
However, in order to meet the new WHO guidelines
including initiation of therapy at CD4 counts of 350 and
plan for expanded formularies to care for patients with
increasingly resistant HIV, all of the aforementioned tools
must be utilized to ensure access to affordable and safe HIV
regimens.

Funding for Global HIV: A Discouraging Future

Despite new calls for expanded treatment access and
improved first-line regimens, important funders, such as
the Global Fund and PEPFAR, show signs of donor fatigue
and stalled funding commitments, which in turn negatively
impact developing country ambition and scale-up plans
[40•]. The Global Fund’s donors, primarily wealthy
countries including the United States, have not responded
to resource needs, resulting in a growing funding gap. As a
result, the Global Fund Board had to impose a 10%
efficiency cut on its phase-one Round 8 grants, which face
a 25% cut in phase-two renewals [41]. The efficiency and
shortfall cuts in Round 9 are even more egregious, and
there are discussions about delaying or rationing funding in
Round 10 [42].

Similarly, funding for PEPFAR has been stagnating.
Although the incoming Obama administration and other

Congressional leaders had promised to strengthen PEPFAR
and commit $48 billion over 5 years [43], the fiscal year
2009, 2010, and proposed 2011 budget are essentially flat-
funded for global HIV programs [44, 45]. In order to
support scale up to achieve universal access to life-saving
ARVs and provide global leadership, the United States
would need to increase its contribution in fiscal year 2011
to approximately $7.5 billion [46].

At the same time that external aid is decreasing, the
reverberations of the global economic crisis are leading
national governments down a dangerous road of selectively
cutting health and HIV budgets. Thirty-nine of the poorest
countries in the world faced a $216 billion balance-of-
payment shortfall in 2009. Fiscal stimulus to reverse the
recession would have required another $41 billion. More
broadly, there was an estimated $1 to 2 trillion shortfall in
external financing in developing countries (remittances,
export earnings, foreign direct investment, official devel-
opment assistance) at the same time that growth rates had
fallen from 8.7% percent in 2007 to 1.6% in 2009 [47].

As a result of the economic crisis, the World Bank
estimated that 1.7 million people living with HIV/AIDS
worldwide and receiving treatment were under threat of
treatment interruption because of the economic downturn
and that 22 countries would face hurdles in providing
ARV treatment [48]. Already, spending is being capped in
some of the countries with the highest HIV burdens,
including Botswana, Swaziland, and Tanzania [49]. Flat-
lined spending in the US PEPFAR program has resulted in
treatment waiting lines in Uganda and Zambia [50].
Although there is a modest commitment to increase
treatments supported by the United States to reach at least
4 million people, this commitment, when combined with
faltering commitments from Europe, will fall far short of
universal access even by 2015. It is troubling that the
wealthiest countries are finding it difficult to meet long-
standing commitments to universal access to comprehen-
sive HIV/AIDS prevention, treatment, and care.

The Politics of Regimen Change

Signals from donors are having a dramatic chilling effect
on countries’ plans to scale up HIV treatment and care
and discouraging efforts to meet with new WHO
treatment guidelines, both with respect to an earlier
start-point and utilization of a higher-cost but more
tolerable and effective treatment regimen. The authors’
own experience in Kenya illustrates this point. Kenya’s
current guidelines date from 2006 and recommend
treatment initiation at a CD4 of 200 or WHO clinical
stage 4 disease with stavudine. Monitoring of treatment
response is via clinical response and CD4 trends.
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When the new WHO guidelines came out, Kenya was
already in the process of revising their guidelines. As the
WHO guidelines were fully supported by the clinicians
working on the new guidelines, the fear of diminishing
donor support became a primary driving force in decisions
on which of the WHO recommendations to support. There
is much concern among Kenyan leaders in the HIV field
that these recommendations may become unfunded man-
dates if donors do not make bold moves to support them. At
the time of writing, the new guidelines are still to be made
and may in large part be determined by the posture of major
donors such as PEPFAR.

Uganda, an early PEPFAR focus country, succeeded in
incorporating many of the WHO recommendations into
their updated national treatment guidelines only to face
major financial constraints when PEPFAR capped their
donations to Uganda. As PEPFAR is the major source of
support for AIDS care and treatment in Uganda, this action
prevented implementation of their new guidelines

Conclusions

Rapid and robust scale up of high-quality global HIV
treatment while patients’ immune system is still strong is the
key to stopping the AIDS pandemic, both in terms of
stemming morbidity and mortality and providing effective
prevention. Making ARV medications affordable and tolera-
ble is one crucial component to achieving universal access. In
light of expanded IPRs, AIDS advocates, governments, donor
organizations, and other stakeholders must maximize the
available tools to ensure important drug prices remain within
reach of low-income countries. Although drug pricing is likely
the make-or-break issue, other challenges also exist, such as
strengthening health systems, expanding human resources for
health, and incentivizing research for treatments and diag-
nostics that will primarily be used in the developing world,
including pediatric formulations, heat-stable formulations,
and dried blood spot viral load testing.

Starting treatment earlier and with better, but more
expensive medicines and reaching the vast majority of
those in need of antiretroviral therapy cannot occur if
donors and countries backtrack on their commitments to
expand resources. Donor governments, including the
United States, must partner with governments and civil
society in low- and middle-income countries to ensure that
the promise of universal access is not an empty one. Only
by fully providing the financial and technical support
needed to effectively scale up good, quality treatment can
we end the AIDS epidemic.
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