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ABSTRACT

Key words

Increased transmission of resistant HIV has been raised as a potential consequence of expanded
access to antiretroviral therapy. We review how limitations in resources and health care infra-
structure may impact the transmission of resistant HIV, and we examine data from Brazil as
a case study. We introduce a biological and clinical framework to identify the major determi-
nants of transmitted resistance and to discuss how these determinants may be affected by a lack
of infrastructure. We then use our framework to examine HIV resistance data from Brazil.
This country was chosen as a case study due to its extensive experience delivering antiretro-
viral drugs and because of the availability of data on the prevalence of resistant HIV there. The
data from Brazil show that antiretroviral therapy can be delivered in a resource-limited setting
without resulting in widespread transmission of resistant virus. While the Brazilian experi-
ence does not necessarily generalize to countries with less health care infrastructure, neither
theory nor data support a foregone conclusion that resistance will necessarily dominate HIV
epidemics in the developing world to a greater extent than it does in the developed world.

HIV; anti-HIV agents; antiretroviral therapy, highly active; drug resistance, viral;
developing countries; Brazil.

Antiretroviral therapy (ART) dra-
matically improves the prognosis and
quality of life of people living with
HIV/AIDS (1). However, these bene-
fits remain unrealized for the majority
of the world’s HIV-infected individu-
als (2). There is a growing international
consensus that increasing access to
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ART in the developing world is both a
moral and public health priority (3).
Although providing ART will offer un-
questioned benefit to the individual,
there remains a concern that extensive
distribution of therapy in poorly moni-
tored situations will worsen the HIV
epidemic as a result of the widespread
emergence and dissemination of viral
variants that are resistant to antiretro-
viral drugs (4-6).

Many authors concur that rapidly
expanding access to ART in the devel-
oping world is crucial. They stress,
however, that access must be accompa-
nied by sufficient infrastructure to min-
imize the development of drug resis-

tance (7-9). An extreme version of this
viewpoint, taken by some authors (5,
6), is that ART access should not be ex-
panded in the developing world until
stringent conditions can be met. These
authors emphasize that lower levels of
adherence to prescribed drug regi-
mens, an erratic drug supply, and lim-
ited on laboratory monitoring resulting
from inadequate infrastructure will in-
crease the rate at which resistant HIV
evolves among treated individuals.
These persons will then transmit resis-
tant HIV to others, which could poten-
tially lead to a reduction in or elimina-
tion of the benefits of expanded access
for both individuals and society.
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In the debate surrounding the ex-
pansion of access to ART, it is com-
monly assumed that poor infrastruc-
ture will result in higher levels of
drug-resistant HIV. However, evi-
dence is emerging that infrastructure
limitations may not accelerate the evo-
lution of resistant virus among treated
individuals to the extent anticipated.
In addition, population levels of resis-
tance are profoundly affected by mul-
tiple factors besides the rate at which
resistance evolves among treated indi-
viduals. These other factors include
the availability of first-line and salvage
therapies and their effects on disease
progression and infectivity, and the
risk behaviors of treated and untreated
HIV-infected individuals. Poor infra-
structure may affect many of these fac-
tors, with unpredictable net effects on
the population’s level of resistance.

In this paper we summarize and
clarify the understanding of the major
factors that determine the proportion
of newly infected individuals with re-
sistant HIV infections. Some of these
factors have been previously studied
using mathematical models (8, 10, 11).
However, the complexity of both pre-
dicting and interpreting trends in pop-
ulation levels of ART resistance is not
always appreciated in the larger de-
bate surrounding expansion of access
to ART in the developing world. Our
goal is to provide a qualitative and in-
tuitive understanding of the multiple
epidemiological parameters that de-
termine the population level of resis-
tant HIV, and to examine ways in
which health care infrastructure may
affect these parameters. We present a
theoretical framework to assist in the
interpretation of existing resistance
data and in the prediction of future
trends in HIV resistance. Drawing on
available data on the emergence and
transmission of resistant HIV in Brazil,
we then use this framework to exam-
ine the factors that may have con-
tributed to current levels of resistant
HIV in that country. We conclude by
examining predictions about the con-
sequences of expanded ART in the de-
veloping world, and we outline areas
where data are urgently needed to in-
form these predictions.

THEORETICAL FRAMEWORK:
PARAMETERS DETERMINING
THE LEVEL OF RESISTANCE

The level of HIV resistance in a pop-
ulation can be quantified in at least
two different ways: (1) the proportion
of HIV infections among treatment-
naive individuals that are resistant,
which reflects the transmission of re-
sistant virus, and (2) the proportion
of HIV infections among treated indi-
viduals with high plasma levels of re-
sistant HIV RNA (“virologic failure”),
which reflects the evolution of resis-
tance in the treated population. Given
current emphasis on the transmission
of resistance, our discussion focuses
primarily on the level of resistance
in the newly infected, treatment-naive
population.

The proportion of resistant infec-
tions among newly infected individu-
als depends on the prevalence of indi-
viduals infected with resistant virus
and the prevalence of individuals in-
fected with sensitive virus in the HIV-
infected population, as well as the re-
lative frequency with which these
persons transmit HIV. In this section
we outline the major parameters that
determine the proportion of the preva-
lent HIV-infected population infected
with resistant virus (Table 1). These pa-
rameters include: (1) rates of viral evo-
lution in the presence and absence of
antiretroviral treatment, (2) the cover-
age of ART among individuals infected
with sensitive virus and among per-
sons infected with resistant virus, and
(3) the extent to which ART reduces
plasma HIV RNA levels and slows dis-
ease progression (treatment efficacy)
among individuals infected with sensi-
tive virus and among persons infected
with resistant virus. The proportion of
resistant infections among newly in-
fected individuals further depends
both on the relative infectivity of per-
sons infected with resistant virus as
compared to individuals infected with
sensitive virus and on the frequency of
risk behavior in these two populations.

We discuss the hypothetical impact
of each parameter on the proportion of
resistant infections among newly in-
fected individuals. In reality, the de-
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terminants of resistance are both more
complex and more interrelated than
presented here. The framework is pre-
sented as a tool to consider the major
factors likely to affect the proportion
of new HIV infections that are resis-
tant. It should be noted that the dis-
cussion in this section is descriptive
rather than prescriptive. By no means
does identification of a change in drug
coverage or efficacy as being likely to
result in a decrease in the level of re-
sistance recommend such a change as
a public health intervention.

Viral evolution

HIV evolves rapidly due to its high
replication and mutation rates (12).
In individuals treated with ART, HIV
experiences a continuing selective
pressure to evolve resistance. In the
absence of ART, resistant HIV is gener-
ally at a competitive disadvantage (ex-
hibits lower “fitness”) compared to
wild-type virus. This is due to the fact
that mutations that confer resistance
often also reduce viral replicative ca-
pacity, and they may reduce the ability
of the virus to infect CD4* T cells.
These secondary effects can be referred
to as the “fitness costs” of resistance.
Thus, strong evolutionary pressures
exist in vivo, whereby drug-sensitive
virus often outcompetes drug-resistant
virus in the absence of drug pressure.

Evolution in both directions, towards
increased resistance or towards in-
creased sensitivity is accelerated by
HIV’s capacity for latency, with an in-
fected individual retaining a latent
reservoir of past viral quasispecies (12).
An individual whose viral population
has evolved resistance during treatment
retains a latent population of sensitive
virus in resting CD4* T cells, mono-
cytes, and macrophages (12). When
treatment is interrupted, this sensitive
virus can rapidly overgrow resistant
virus and become the new dominant
quasispecies (13, 14). However, if the
same individual restarts therapy, latent,
resistant virus regains a competitive ad-
vantage and regains dominance (13).

These issues of fitness and latency
are highly relevant to studies aimed at
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TABLE 1. Potential impacts of decreased infrastructure on parameters determining prevalence of resistant HIV among newly infected

individuals

Parameter

Potential impact of decreased infrastructure

Effect on level of resistance

Evolution of viral resistance among treated
individuals

Coverage of first-line ART (initiation of
ART among individuals infected with
sensitive virus)?

Coverage of partial ART (initiation and
interruption of therapy with drugs to which
the virus that infects an individual is
resistant)

Coverage of salvage therapy (initiation and
interruption of therapy among individuals
infected with resistant virus using drugs to
which the virus remains sensitive)

Mortality of individuals infected with
sensitive virus relative to individuals
infected with resistant virus

Infectivity of individuals infected with
sensitive virus relative to individuals
infected with resistant virus

Contact rates of individuals infected with
sensitive virus relative to individuals
infected with resistant virus

Use of suboptimal regimens may accelerate the emergence of
resistance.

Monotherapy/dual therapy likely will be used less often than
historically in developed world.

Lower or inconsistent drug availability may result in treatment
interruptions.

Unclear whether adherence will be lower; unclear what the implica-
tions of lower adherence are for transmission of resistant virus

Lower drug availability and diagnosis rates and/or more restrictive
treatment protocols may result in lower coverage. Lower coverage
will result in decreased selective pressure for the emergence of
resistance.

Treatment initiation at later disease stage may result in less effective
viral suppression.

Lower drug availability or more conservative treatment protocol may
result in lower coverage. Lower coverage will result in decreased
selective pressure for the maintenance of resistance.

Lack of laboratory monitoring may result in higher coverage of partial
ART (due to lack of awareness that patient is resistant to treatment).

Fewer treatment options, less laboratory monitoring to identify
treatment failures, and lack of resistance tests to guide salvage drug
choices may result in lower coverage of salvage therapy.

Lower first-line efficacy may result in increased mortality among
individuals infected with sensitive virus.

Lower salvage therapy efficacy may result in increased mortality
among individuals infected with resistant virus.

Lower first-line efficacy may result in increased infectivity among
treated individuals infected with sensitive virus.

Lower salvage therapy efficacy may result in increased infectivity
among treated individuals infected with resistant virus.

Lower coverage or efficacy of prevention services among general or
treated populations may result in increased contact rates among
individuals infected with resistant virus and/or individuals infected
with sensitive virus.

More resistance

Less resistance

Unclear

Unclear

Less resistance

More resistance

Less resistance

More resistance

Unclear; depends on impacts of
salvage therapy on the mortality
and infectivity of individuals
infected with resistant virus
More resistance

Less resistance

Less resistance

More resistance

Unclear

@ ART = antiretroviral therapy.

defining the frequency of HIV trans-
mission. Theoretically, given the sig-
nificant fitness disadvantage associ-
ated with drug resistance, a person
who is newly infected with a drug-
resistant variant will quickly lose mea-
surable levels of this resistance. How-
ever, because individuals who are
newly infected with drug-resistant
HIV lack a large latent reservoir of
wild-type HIV, this process of “rever-
sion” requires back mutations rather
than emergence of a preexisting virus.
For reasons that remain unclear, back
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reversions appear to occur slowly,
over months to years (15).

ART coverage among individuals
infected with sensitive virus

First-line ART improves survival
and well-being among individuals in-
fected with sensitive virus, and thus
potentially increases the period during
which those persons can transmit sen-
sitive virus. At the same time, the in-
fectivity of most treated individuals

infected with sensitive virus is likely to
be low, as a result of viral suppression
(16, 17). The magnitude of the effects
of ART on infectivity and survival is
determined by how effective treat-
ment is at reducing plasma HIV RNA
levels and slowing disease progres-
sion; we refer to these effects as “treat-
ment efficacy.” However, higher ART
coverage among the population in-
fected with sensitive HIV will likely
increase the level of resistance since a
larger number of individuals are at
risk for developing resistance.
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ART coverage among individuals
infected with resistant virus
(partial and salvage therapy)

“Partial treatment” here refers to
treatment with ART regimens to
which the virus that infects an individ-
ual is resistant, permitting ongoing
viral replication. Continuing ART in
the presence of ongoing viral replica-
tion imposes a selection pressure that
favors both the continued dominance
of resistant virus and the accumula-
tion of additional resistance mutations
(12). Partial treatment may provide
some degree of durable benefit, either
due to continued partial activity of the
drugs against the drug-resistant vari-
ant or due to the selective maintenance
of a less fit and/or less virulent strain.
In contrast, withdrawal from partial
treatment allows for the reemergence
of the more fit, drug-sensitive variant
(18). Given the potential benefit of par-
tially effective therapy compared to no
therapy, many persons with limited
options for complete viral suppression
are maintained on treatment to which
the HIV infecting them is resistant.
Partial treatment may increase the po-
tential transmission of resistant virus
by providing two things: (1) selective
pressure favoring the dominance of re-
sistant viral quasispecies and (2) clini-
cal benefits that increase survival and,
potentially, sexual activity among in-
dividuals infected with resistant virus.
There is some evidence, however, that
the infectivity of partially treated indi-
viduals may be lower than that of un-
treated persons infected with sensitive
virus (18, 19), possibly due to the fit-
ness costs associated with resistance
mutations and the lower plasma HIV
RNA levels associated with partial
treatment (14). Such an effect would
mitigate the impact of partial therapy
on the transmission of resistant virus.

“Salvage therapy” refers to the treat-
ment of individuals infected with re-
sistant virus using drugs to which the
virus infecting them remains sensitive.
Greater coverage of salvage therapy
implies fewer untreated individuals
harboring detectable levels of resistant
HIV. In addition, a greater coverage of
salvage therapy should, in theory, pro-

vide individuals who acquired drug-
resistant HIV a greater opportunity for
complete viral suppression. The im-
pact that multiple options for salvage
therapy have on the population level
of resistance is not straightforward.
Although treatment failure rates are
considerably higher for salvage drug
regimens than for initial treatment,
second- and third-line drug regimens
can produce durable decreases in
plasma HIV RNA level (20), with pre-
sumptive accompanying decreases in
infectivity. At the same time, salvage
therapy provides a selective pressure
for the accumulation of new resistance
mutations, and, by improving the sur-
vival and well-being of persons in-
fected with resistant virus, potentially
increases their opportunity for trans-
mission. As is the case with first-line
ART, the magnitude of these effects on
mortality and infectivity will depend
on the efficacy of salvage therapy.

HEALTH CARE
INFRASTRUCTURE AND
LEVEL OF RESISTANCE

The parameters that determine the
proportion of newly infected individu-
als who are infected with resistant virus
may be influenced in a variety of ways
by the level of available infrastructure.
This includes the health care delivery
systems in place to diagnose, monitor,
and treat HIV, as well as the means by
which antiretroviral drugs are pro-
cured and delivered to the point of
care. We examine how infrastructure
may differ as a result of resource limi-
tations, and we use the biologic and
clinical framework outlined above to
discuss how differences in infrastruc-
ture may influence emergence and
transmission of resistance (Table 1).

Viral evolution

Resource limitations and lack of in-
frastructure may result in use of poor-
quality drugs or drug regimens,
thereby leading to incomplete viro-
logic responses to treatment and
higher levels of drug resistance. Sub-
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optimal treatment regimens, such as
monotherapy or dual therapy, treat-
ment with poor-quality antiretroviral
drugs, suboptimal dosing, and poor
absorption, may increase the rate at
which viral resistance evolves among
treated individuals (12). This risk
forms the basis for much of the con-
cern over the dangers of expanding ac-
cess to ART. Additional data are
needed to address the extent to which
such infrastructure limitations will ac-
celerate the emergence of antiretrovi-
ral resistance among treated patients.

There are several reasons to believe
that poor delivery infrastructure may
not result in increased resistance on
the scale anticipated. First, mono and
dual ART are likely to be used only
rarely as ART programs are intro-
duced in resource-limited settings.
The most basic ART packages recom-
mended by the World Health Organi-
zation (WHO), with the exception of
programs to prevent vertical transmis-
sion, currently include triple therapy
and standardized salvage regimens
(2). In addition, ART in the developing
world will in part be administered in
fixed-dose combinations that include
more than one drug class. This con-
trasts with the developed world,
where ART was introduced over the
course of many years, first as mono-
therapy and then as dual therapy. This
provided ample opportunity for the
emergence of resistant virus under
suboptimal regimens. If anything, the
exposure to suboptimal treatment reg-
imens will be lower in resource-poor
regions than was true for the resource-
rich areas.

Poor delivery infrastructure and re-
source limitations may also result in
interruptions in drug supply and in-
termittent availability of antiretroviral
drugs. The impact of these interrup-
tions on population levels of drug re-
sistance are impossible to quantify.
Treatment interruptions may increase
the risk that viral resistance emerges
(21, 22). However, if erratic drug sup-
plies result in periods of complete vi-
rologic suppression, followed by ab-
sence of drug pressure, it is not clear
that such a situation will favor the
emergence of resistance.
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The scientific literature contains con-
flicting results with respect to the rela-
tionship between adherence to drug
treatment and the evolution of resis-
tance. Traditionally, poor adherence
has been considered to increase the
risk of resistance (5, 23). However, data
are accumulating that HIV-infected in-
dividuals with poor adherence to ART
are at a lower risk of developing resis-
tance than are those with moderate ad-
herence, possibly due to a lack of suffi-
cient selective pressure exerted at low
drug concentrations (24). Specifically,
the relationships between adherence
and resistance appear to be drug-
specific (24, 25), with resistance to
ritonavir-boosted protease inhibitor
regimens emerging at a lower level of
adherence than unboosted protease
inhibitor regimens and non-nucleoside
reverse transcriptase inhibitor regi-
mens. This suggests that a nation’s
choice of first-line regimen may influ-
ence the impact of adherence on level
of resistance. Finally, it is clear that
resource limitations and poor infra-
structure need not result in poor ad-
herence (25-27).

ART coverage among individuals
infected with sensitive virus

Resource limitations and lack of in-
frastructure may result in lower cov-
erage of ART among individuals in-
fected with sensitive virus. This can
occur due to limited access to diagno-
sis and treatment services, limited
availability of ART drugs, and/or
treatment protocols that recommend
more restrictive conditions for initia-
tion of antiretroviral therapy. Limited
infrastructure may mean that fewer in-
dividuals initiate treatment, and do so
at later stages of disease. Delayed initi-
ation of ART could lead to lower levels
of complete viral suppression, given
data suggesting that advanced im-
munodeficiency predicts a less robust
response to treatment (12). In theory,
this could lead to higher levels of drug
resistance among the treated popula-
tion and higher rates of drug-resistant
HIV transmission. At the same time,
late initiation of treatment will de-
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crease both the size of the population
at risk for developing resistance and
the duration for which individuals are
treated, and thus their opportunity for
developing and transmitting resistant
virus.

ART coverage among individuals
infected with resistant virus
(partial and salvage therapy)

As discussed above, partial treat-
ment has the potential to increase the
level of resistance by simultaneously
providing a selective pressure favor-
ing resistant virus, failing to suppress
plasma HIV RNA levels, prolonging
survival, and improving health and
well-being. All of these processes
could lead to more opportunities for
transmission of drug-resistant HIV.

Individuals may be treated with
drugs to which the virus that infects
them is resistant (partial treatment) ei-
ther because resistance remains unde-
tected or because alternative regimens
are lacking and partial treatment is
considered superior to no treatment.
Infrastructure limitations that prevent
adequate monitoring of treatment re-
sponse using plasma HIV RNA level
and CD4* T-cell count tests may result
in a higher number of individuals
who continue to receive partial ther-
apy because their treatment failure has
not been detected. However, several
less resource-intensive, alternative ap-
proaches to monitoring treatment suc-
cess are under study, and more are
being researched (28, 29). This sug-
gests that effective patient monitoring
need not remain out of reach in the ab-
sence of laboratory capacity. At the
same time, more limited drug avail-
ability or more restrictive eligibility re-
quirements for continuing treatment
may increase the proportion of per-
sons infected with resistant virus who
go untreated.

As with first-line therapy, it is pos-
sible that the coverage or efficacy of
salvage regimens in other resource-
limited settings may be lower than in
the developed world. This can happen
due to fewer drug choices, lack of lab-
oratory monitoring to allow the rapid

diagnosis of virologic failure (thereby
resulting in delayed time to a switch
and more resistance at the time of the
switch), lack of resistance testing to
guide regimen designs at the time of
the switch, and/or a shortage of well-
trained health care providers. The im-
pact of such differences on level of re-
sistance will depend on relative effects
of salvage therapy on mortality and in-
fectivity, and it cannot be straightfor-
wardly predicted.

Risk behavior

The risk behavior of HIV-infected
individuals can be affected by counsel-
ing and prevention, both in the general
population and in association with di-
agnosis and treatment. Effective treat-
ment improves health and increases
survival. Whether these changes will
be reflected in increased transmission
of HIV depends in part on whether
ART delivery systems can effectively
tie treatment to prevention, a goal that
has been notoriously elusive in devel-
oped countries (30).

No broad generalization can be
made about the likely effect of infra-
structure limitations on risk behavior
shifts, or how this effect might differ
among the population infected with
resistant virus as compared to the
population infected with sensitive
virus. There have been reports that
risk behaviors have increased in devel-
oped countries after widespread use
of ART, both in the HIV-positive and
HIV-negative populations (30-32).
However, the reports of this increase
have not been consistent, and the fac-
tors that lead to increases in risk be-
havior remain incompletely under-
stood (30, 33). It is likely that the
impact of ART on risk behavior will
vary among regions and cultures, and
more research in developing-world
settings is urgently needed.

CASE STUDY: RESISTANT HIV
IN BRAZIL

In the following section the frame-
work that we presented above is used to
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examine the antiretroviral delivery sys-
tem in Brazil and to interpret the data
on observed levels of resistance in the
country. We chose Brazil as a case study
because it is one of the few developing
countries with substantial experience
delivering ART and with data available
on the prevalence of resistance. While
ART remains rare or has only recently
become available in most of the devel-
oping world, Brazil has provided uni-
versal access to ART since 1996. Brazil is
also home to over a third of the individ-
uals infected with HIV in the develop-
ing world who are currently receiving
ART (34). In addition, Brazil has the
technical capacity to make surveillance
for antiretroviral resistance feasible.
While these unique characteristics in
Brazil may limit our ability to generalize
our findings to all resource-poor areas,
Brazil’s successes serve to set desirable
and achievable standards. Also, much
of the infected population in Brazil is
concentrated in large urban centers (35).
Although the epidemic is increasingly
affecting smaller municipalities and
rural areas, the initial urban concentra-
tion has made some of the infrastruc-
ture barriers less of an issue in Brazil
than they will be in areas such as sub-
Saharan Africa.

Brazil’s antiretroviral delivery
program

Universal free access to antiretrovi-
ral medications has been guaranteed in
Brazil by federal law since December
1995. Since the universal access pro-
gram was introduced, the number of
HIV-infected individuals in Brazil
treated with ART has grown rapidly.
In 2003, approximately 125 000 of the
estimated 600 000 HIV-infected Bra-
zilians were receiving ART (36, 37).
National treatment guidelines state
that all HIV-infected individuals with
symptoms or with CD4* T-cell counts
less than 200 mm?3 should receive anti-
retroviral treatment, and those with
CD4* T-cell counts between 200 and
350 cells/ mm?3 should be considered for
treatment (38).

A national network exists in Brazil
for tracking antiretroviral prescrip-

tions. Antiretroviral medications can
be dispensed only by federally accred-
ited public clinics and hospitals. Na-
tional networks are also used to evalu-
ate plasma HIV RNA levels and CD4*
T-cell counts. These networks have
been implemented despite significant
geographic disparities in the availabil-
ity of infrastructure and resources (35).
In addition, since 1999, several labora-
tories in Brazil have published find-
ings on the prevalence of resistant
HIV. Increasingly, these research labo-
ratories are being integrated into na-
tional and international resistance sur-
veillance networks.

Level of drug resistance

Table 2 reviews the studies report-
ing the prevalence of primary resis-
tance mutations in Brazil. Prevalence
of accessory or secondary mutations,
some of which occur as natural poly-
morphisms in non-subtype B virus,
are not reported. The table presents
data on the prevalence of resistance in
two groups: (1) ART-naive patients
and (2) patients treated with ART, de-
fined as including at least three drugs
and at least one protease inhibitor or
non-nucleotide reverse transcriptase
inhibitor.

The prevalence of resistance is high
among patients failing ART in Brazil,
according to both published articles
(39-41) and unpublished studies.*
These findings for Brazil are consistent
with the ones that have been seen in the
developed world (42). Indeed, less than
a decade after the introduction of com-
bination antiretroviral therapy, an esti-
mated 76% of patients who are receiv-
ing ART in the United States of America
carry HIV strains that are resistant to
one or more antiretroviral drugs (42).

The majority of studies that evaluate
resistance in the treatment-naive before
widespread availability of potent anti-
retroviral drugs in Brazil (that is, prior
to 1997) report a low prevalence of re-

4 HartS, Shafer R, Tanuri A, Soares M, Brun-Vezinet
F, Grossman Z, et al. Global mapping of HIV-1
drug resistance patterns [abstract]. 10th Confer-
ence on Retroviruses and Opportunistic Diseases,
Boston, 2003.

Rev Panam Salud Publica/Pan Am | Public Health 19(3), 2006

Special report

sistance to all drug classes (43).5 © A sin-
gle study (44) reported a relatively high
prevalence (33%) of resistance to nucleo-
side reverse transcriptase inhibitors
among antiretroviral-naive patients
prior to the widespread introduction
of ART; the significance of this find-
ing is unclear. More recent studies sug-
gest that transmitted resistance has
increased in Brazil since ART became
widely available, according to pub-
lished research (39, 4548) and unpub-
lished studies.* 7 The level of trans-
mitted resistance in Brazil remains
comparable to that observed in Europe
and the United States, where resistant
strains infect up to 20% of drug-naive
individuals (49, 50).

Understanding resistance in Brazil

Evolution of viral resistance. Brazil
has succeeded in developing a high-
quality nationwide drug delivery in-
frastructure. Brazil’'s domestic drug
manufacturing program and differen-
tial pricing agreements with pharma-
ceutical companies have helped to en-
sure a constant supply of high-quality
drugs (35). Reports on the success of
the Brazilian infrastructure in main-
taining high levels of adherence differ,
with estimates ranging from less than
50% to over 80% of participants on
ART achieving regular or optimal ad-
herence (defined slightly differently in
the various studies), a level compara-
ble to that observed in developed
countries (51-54). Monotherapy and
dual therapy in Brazil have decreased
steadily over the years since ART be-
came available, and are currently not
prescribed for any new patients (38).

5 Barreto CC, Saez-Alquezar A, Stuyver L, Dias RS,
Sabino EC. Prevalence of mutations that confer re-
sistance to reverse transcriptase (RT) and protease
(PR) inhibitors among drug naive HIV-1 positive
blood donors [abstract]. Rev Inst Med Trop Sao
Paulo. 1999;41(Suppl 11):S35.

6 Leal ES, Filho DS, Machado D, Castelo A, Dias R,
Pannuti C, et al. Mutations associated with drug
resistance in a population of drug naive HIV-1 in-
fected individuals [abstract]. Rev Inst Med Trop
Sdo Paulo. 1999;41(Suppl 11):548.

7 Tanuri A, Soares MA, Brindeiro RM, Diaz RS,
Costa LJ, Sabino EC, et al. Brazilian network for
drug resistance surveillance: results from the first
national survey [abstract]. XIV International AIDS
Conference, Barcelona, 2002.
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TABLE 2. Studies of antiretroviral resistance in Brazil among patients treated with antiretroviral therapy (ART) and among ART-naive
patients

NRTI PI NNRTI
Year(s) resistance resistance resistance
Study? of sample Sample (%)P (%)° (%)d
In HIV-infected
antiretroviral-naive
individuals
Brindeiro (43) 1996 32 blood donors identified in states of Rio de Janeiro and 9.4 NRe 0
Rio Grande do Sul
Barretof 1995-1996 100 blood donors identified in city of Sdo Paulo 11.9 1 NR
Leal? NR 89 HIV-infected individuals 2.2 NR 4.5
Brites (44) 1995-1997 40 previously diagnosed HIV-positive patients in state of Bahia 33 0 NR
Pilcher (39) 1997 48 patients attending HIV treatment clinics in state of Espirito 5 0 NR
Santo
Dumans (46) 1998 49 blood donors identified in state of Rio de Janeiro 0 0 0
Tanurih NR 224 individuals from 21 cities and 9 states throughout Brazil 1.9 1.3 3.9
Texeira (45) 1999-2001 40 intravenous drug users (IDUs) identified by HIV tests of NR 7.5 NR
608 IDUs
Hart 1998-2002 132 patients, samples collected as part of WHO/IAS Global HIV 3TC: 1.8 APV: 3.8 DLV: 1.8
(majority 2001)  Resistance Surveillance Programi ABC: 1.8 IDV: 3.8 EFV: 1.8
d4T: 1.8 NFV: 4.2 NVP: 1.8
ddC: 0.9 RTV: 3.8
ddl: 0.9 SQV: 3.8
ZDV: 0.9
Brindeiro (47) 2001 535 individuals diagnosed with HIV at 13 voluntary counseling 24 2.2 2.1
and testing sites throughout Brazil
Pires (48) 2000-2002 56 individuals attending a military hospital in city of 14 0 0
Rio de Janeiro
In HIV-infected
individuals on
antiretroviral therapy
Pilcher (39) 1997 35 patients on ART attending HIV treatment clinics in state of 68 30 NR
Espirito Santo
Tanuri (40) Not reported HIV-infected patients with viral loads > 30 000 copies/mL 77.9 43.8 NR
after ART > 3 months (randomly sampled from AIDS clinics in
five Brazilian states)
Hart9 1998-2002 48 ART-treated patients, samples collected as part of 3TC: 55.9 APV: 39.6 DLV: 1.5
(majority 2001)  WHO/IAS Gilobal HIV Resistance Surveillance Program ABC:60.3 IDV: 42.7 EFV:1.5
d4T: 42.6 NFV: 54.2 NVP: 1.5
ddC: 54.4 RTV: 42.7
ddl: 52.9 SQV: 38.5
ZDV: 60.3
Soares (41) 2002 58 ART-treated patients seen at ambulatory care clinic in 447 25.6 19.1

city of Porto Alegre (36% subtype C)

a References provided in parentheses, except in the case of abstracts.

b NRTI = nucleoside reverse transcriptase inhibitor.

¢ Pl = protease inhibitor.

4 NNRTI = non-nucleoside reverse transcriptase inhibitor.

¢ NR= not reported.

f Barreto CC, Saez-Alquezar A, Stuyver L, Dias RS, Sabino EC. Prevalence of mutations that confer resistance to reverse transcriptase (RT) and protease (PR) inhibitors among drug naive
HIV-1 positive blood donors [abstract]. Rev Inst Med Trop Sdo Paulo. 1999;41(Suppl 11):S35

9 Leal ES, Filho DS, Machado D, Castelo A, Dias R, Pannuti C, et al. Mutations associated with drug resistance in a population of drug naive HIV-1 infected individuals [abstract]. Rev Inst Med
Trop S&o Paulo. 1999;41(Suppl 11):548

" Tanuri A, Soares MA, Brindeiro RM, Diaz RS, Costa LJ, Sabino EC, et al. Brazilian network for drug resistance surveillance: results from the first national survey [abstract]. XIV International
AIDS Conference, Barcelona, Spain, 2002.

i Hart S, Shafer R, Tanuri A, Soares M, Brun-Vezinet F, Grossman Z, et al. Global mapping of HIV-1 drug resistance patterns [abstract]. 10th Conference on Retroviruses and Opportunistic
Diseases, Boston, Massachusetts, United States, 2003.

I The drugs listed are: 3TC = lamivudine, ABC = abacavir, d4T = stavudine, ddC = zalcitabine, ddl = didanosine, ZDV = zidovudine, APV = amprenavir, IDV = indinavir, NFV = nelfinavir, RTV =
ritonavir, SQV = saquinavir, DLV = delavirdine, EFV = efavirenz, NVP = nevirapine.
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These factors have likely limited the
rate at which resistance evolves among
the treated population.

ART coverage among individuals in-
fected with sensitive virus. In Brazil,
ART is free for all who need it. In 2003
an estimated 78% of adults in Brazil
who were in need of antiretroviral care
were receiving it, a coverage rate com-
parable to that in North America and
parts of Europe (55). Although treat-
ment protocols during the early days
of the epidemic in Brazil differed from
those in the developed world, current
Brazilian protocols that indicate when
to initiate treatment are similar to
those used in the United Kingdom.
This suggests that the relatively low
resistance levels observed in Brazil
cannot be explained, at least in recent
years, by low ART coverage.

Coverage of partial and salvage ART.
In Brazil the range of salvage therapies
available is comparable to that avail-
able in the United States (38). No data
are available on use of partial thera-
pies or the delay in changing therapies
once resistance develops. However,
the development of nationwide labo-
ratory capacity has made monitoring
of treatment success feasible. The
availability of salvage drug regimens,
combined with regular plasma HIV
RNA level testing, suggests that the
amount of time spent on partial ther-
apy is unlikely to be significantly
longer in Brazil than it is in Europe
and the United States.

Few data are available regarding
the impact of ART in Brazil on mortal-
ity rates and infectivity among in-
dividuals infected with resistant virus
as compared to individuals infected
with sensitive virus. In addition, very
little is known about risk behaviors
among treated individuals in Brazil,
and how those risk behaviors may
differ between individuals infected
with resistant virus as compared to
persons infected with sensitive virus.
Improved data on these parameters
would inform predictions of whether
the level of transmitted resistance in
Brazil is likely to remain low as cover-
age increases.

SHOULD GLOBAL ACCESS
TO ANTIRETROVIRAL THERAPY
BE EXPANDED?

The available data show that resis-
tance has not yet become a greater
problem in Brazil than in richer coun-
tries. Using our analytical framework,
our appraisal suggests that it is un-
founded to assume that resource and
infrastructure limitations will neces-
sarily lead to an increase in resistance.
In Brazil it is possible to identify some
of the major factors that have likely
contributed to the relatively low levels
of transmitted resistance that have
been seen. However, direct extrapola-
tions to other developing countries, or
even to the future of Brazil itself, are
difficult without additional data.

Some of the data needed to accu-
rately predict trends in resistance are
biological. How quickly does sensitive
virus replace resistant virus as the
dominant viral quasispecies when
treatment is interrupted? How does
resistance affect the virus’s patho-
genicity and infectivity? At what level
of adherence is the risk of developing
resistance greatest? How do these pa-
rameters vary depending on antiretro-
viral drug and drug class?

However, many of the data needed
to accurately predict the impact of re-
source limitations on trends in drug
resistance are contextual. How does
ART access affect risk behaviors among
treated and untreated individuals?
How well are individuals able to ad-
here to their drug regimens? To what
extent will alternatives to plasma HIV
RNA level monitoring delay transition
off of partial treatment? Brazil, which is
generally considered a middle-income
country, has a much stronger health
care infrastructure than do many na-
tions with more limited resources, such
as the majority of the countries of sub-
Saharan Africa. Therefore, it may not
be possible to generalize the Brazilian
experience to countries with lower in-
comes. However, the per capita health
care budget in Brazil is much smaller
than in such countries as Canada and
the United States, and the distribution
of income in Brazil is one of the most
unequal in the world. Given these re-
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source constraints, Brazil’s achieve-
ments in implementing an ART pro-
curement, delivery, and monitoring
system and in limiting the spread of re-
sistant HIV are encouraging. Brazil's
experience demonstrates that it is not
possible to take for granted that resis-
tance will dominate HIV epidemics
in the developing world to a greater
extent than in the developed world.
Considerable context-specific data are
needed before strong pessimistic or op-
timistic predictions about future trends
in the prevalence and impact of resis-
tant HIV can be made for any given
country or for any given regimen.

In the absence of data to make reli-
able predictions regarding the impact
of expanded access on the spread of
resistant HIV in the developing world,
use of a double standard in judgments
about the appropriateness of ART ac-
cess in the developed world as com-
pared to ART access in the developing
world cannot be justified. In high-
income countries, ART was used
widely before any data on viral resis-
tance were available, and its continued
use is not debated, despite high rates of
resistance. Brazil has demonstrated
that it is possible for middle-income
countries to reach the standards of
ART care achieved in the developed
world. Other developing countries
have the opportunity to follow this ex-
ample and to benefit from the experi-
ence both of Brazil and of developed
nations as ART is introduced to popu-
lations without prior treatment history.

The level of resistance observed
among newly infected individuals is
sometimes considered an indicator of
the success of an antiretroviral deliv-
ery system. High levels of resistance
among newly infected persons may be
interpreted as evidence of failure to
provide high-quality care, while low
levels of resistance may be interpreted
as evidence of a well-functioning sys-
tem. However, the framework that we
have presented highlights that the re-
sults of drug resistance surveillance
must be interpreted with caution,
whether comparing nations or trends
within a nation.

Low levels of resistance should not
be cause for complacency. Consider
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the case of a nation that treats only a
small portion of its HIV-infected indi-
viduals and initiates therapy too late
in the course of disease to significantly
improve health and survival or to
allow for the development of resis-
tance. That nation could have a very
low level of resistance, but also a min-
imal impact on HIV transmission and
the burden of HIV disease. Similarly,
an increasing level of resistance
should not be used to argue that a sys-
tem is functioning poorly, or that ac-
cess should be scaled back until infra-
structure can be improved. A country
that improves its care for individuals
infected with resistant HIV could see
an increase in the population level of
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resistance, despite net decreases in
HIV morbidity and mortality. The
level of resistance achieved by an anti-
retroviral delivery system must be
weighed against the system’s success
in achieving the additional goals of de-
creased mortality, morbidity, and dis-
ease incidence.

To maximize the benefits of ART,
consensus is clear that access to drugs
should be combined with develop-
ment of infrastructure and provision
of prevention services. Resistance un-
dermines individual health and sur-
vival;, efforts to minimize the emer-
gence of resistance among treated
individuals are a key aspect of provid-
ing quality care. The debate continues,
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RESUMEN

El calculo de la resistencia
medicamentosa del VIH

en paises en desarrollo:

el caso del Brasil

Palabras clave

Se ha especulado que el aumento de cepas del virus de la inmunodeficiencia humana
(VIH) resistentes a medicamentos podria ser el resultado de un mayor acceso al tra-
tamiento con antirretroviricos. Tomando como ejemplo datos propios del Brasil, en
este trabajo examinamos la manera en que la escasez de recursos y las carencias de la
infraestructura sanitaria podrian estar influyendo en la transmisién de cepas resis-
tentes de VIH. Empleamos un marco biolégico y clinico para identificar los principa-
les factores determinantes del aumento de la resistencia y exploramos la forma en que
dichos factores podrian verse afectados por la falta de infraestructura. Posteriormente
empleamos ese mismo marco para examinar las cifras de resistencia del Brasil, pais
que se eligié6 como ejemplo porque en él los medicamentos antirretroviricos han te-
nido amplia distribucién y porque hay abundantes datos acerca de la prevalencia de
cepas de VIH en el territorio nacional. Las cifras del Brasil demuestran que se puede
administrar el tratamiento con antirretroviricos en lugares donde hay pocos recursos
sin que ello provoque la transmisién generalizada de cepas viricas resistentes. Aun-
que la experiencia brasilefia no necesariamente se puede proyectar a paises con menos
infraestructura sanitaria, no hay ningtn esquema tedrico ni datos que respalden la
conclusion a priori de que en el mundo en desarrollo la epidemia de VIH transcurrira
con mayores cifras de resistencia que en paises desarrollados.

VIH, agentes anti VIH, terapia antirretroviral altamente activa, resistencia viral a
drogas, paises en desarrollo, Brasil.
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El VIH/SIDA en paises de América Latina.
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mundo. EI ONUSIDAy la OMS, junto con exper-
tos de los programas nacionales de SIDA e
instituciones de investigacion, revisan y
actualizan periddicamente las cifras a medida
que surgen nuevos conocimientos sobre la epi-
demia y se mejoran los métodos para obtener
las estimaciones.
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