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Abstract
The HIV epidemic continues unabated, with no highly effective vaccine and no cure. Each new infection has
significant economic, social and human costs and prevention efforts are now as great a priority as global
antiretroviral therapy (ART) scale up. Reverse transcriptase inhibitors, the first licensed class of ART, have been at the
forefront of treatment and prevention of mother to child transmission over the past two decades. Now, their use in
adult prevention is being extensively investigated. We describe two approaches: treatment as prevention (TasP) the use of combination ART (2NRTI and 1NNRTI) following HIV diagnosis to limit transmission and pre-exposure
prophylaxis (PrEP) –the use of single or dual oral agents prior to sexual exposure. Prevention of mother-to-child
transmission using NRTI has been highly successful, though does not involve sustained use of NRTI to limit
transmission. Despite theoretical and preliminary support for TasP and PrEP, data thus far indicate that adherence,
retention in care and late diagnosis are the major barriers to their successful, sustained implementation. Future
advances in drug technologies will be needed to overcome the issue of drug adherence, through development of
drugs that involve both less frequent dosing as well as reduced toxicity, possibly through specific targeting of
infected cells.

Review
Introduction

The HIV epidemic has been devastating in its magnitude
and devastation [1], despite the availability of effective
antiretroviral therapy (ART). There are a number of reasons for this, including lack of access to ART for the majority of infected individuals until relatively recently [2]
and low rates of uptake of HIV testing [3]. The global
scale up of ART has gathered considerable momentum
with an estimated 8 million individuals currently treated,
and corresponding reductions in morbidity and mortality have been documented [4,5].
By contrast, in the absence of an effective vaccine and/
or cure, transmission has continued largely unabated over
the last two decades, particularly in sub Saharan Africa,
where 67% [6] of all HIV infections are to be found. Male
circumcision has demonstrated around 50% protection in
limiting transmission [7], although logistical and ethical
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barriers may limit its public health impact. Topical
microbicides have shown some promise, with vaginal microbicide gel containing tenofovir (TFV) conferring 39%
protection in one study [8]. CAPRISA used tenofovir only
(as TFV and not as TDF).
Clearly, more effective prevention tools are needed.
Prevention of mother to child transmission has proved
highly effective when implemented efficiently, and serves
as a model for prevention using antiretroviral drugs.
Antiretrovirals, the cornerstone of HIV treatment, are
now being assessed as tools for limiting transmission in
two ways: treatment as prevention (TasP) and preexposure prophylaxis (PrEP). The potential for TasP to
curb the epidemic is being explored following a report
showing that transmission amongst discordant couples
was reduced by 96% when the HIV infected partner initiated immediate antiretroviral therapy as compared to
delaying treatment until a CD4 <250 cells/mm3 [9]. A
recent study from South Africa has shown a reduction
in new HIV infections in a high incidence area following
ART scale up with two nucleoside reverse transcriptase
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inhibitors (NRTI) and one non-nucleoside reverse transcriptase inhibitor (NNRTI) [10]. Modeling studies suggest that universal testing followed by immediate
treatment in those who test positive for HIV would lead
to a diminution in numbers of new cases and that transmission could eventually be interrupted [11].
In this review, we highlight the achievements of ART
in reducing morbidity and mortality, with particular emphasis on reverse transcriptase inhibitors (RTI). We review RTI use in prevention strategies and its anticipated
impact on the HIV epidemic. We highlight the potential
for drug resistance and the challenge that this presents
to implementation of such prevention strategies.
NRTI and drug resistance

NRTI was the first class of antiretrovirals, with the thymidine analogue zidovudine (ZDV) introduced in 1987 [12].
Subsequent NRTI licensed were the cytosine analogue didanosine (ddI) in 1991, which showed clinical benefit after
ZDV exposure [13], as did the thymidine analogue stavudine (d4T) [14]. The cytidine analogue lamivudine (3TC)
[15] was licensed in 1995 and was able to restore sensitivity
of ZDV resistant virus [16]. Later the guansoine analogue
abacavir (ABC) and the nucleotide analogue tenofovir
(TFV) were licensed and showed superior outcomes when
compared to thymidine analogues [17-19]. Towards the
mid 1990s, protease inhibitors (PI) and NNRTI were also
introduced, with the combination of 3 or more drugs including a PI or NNRTI along with 2NRTI leading to sustainable suppression in patients with prior AZT exposure
[20]. Longer-term benefits from triple drug combination
therapy have been observed in different settings [21,22].
The twenty first century has seen introduction of a number
of new classes of ART, including integrase strand transfer
inhibitors (INSTIs) such as raltegravir and elvitegravir, the
CCR5 antagonist maraviroc, and the fusion inhibitor
enfurvitide.
Thymidine analogue resistance usually develops in a
stepwise fashion, involving mutations (M41L, D67N,
K70R, L210W, T215Y or F, K219Q), which increase the
drug excision activity of RT [23,24]. These mutations are
found at peripheries of the active site and were first described shortly after the era of ZDV monotherapy. Thymidine analogue mutations (TAMs) increase nucleotide
and therefore drug excision rates and can compromise
activity of newer NRTI. In the case of tenofovir, three
TAMs including both M41L and L210W have been associated with virologic failure [25].
Important mutations in the RT active site include
L74V, K65R and M184V/I. The latter is selected by and
confers resistance to 3TC [26] but increases susceptibility to ZDV, d4T and TFV when K65R is present [27,28].
ABC and ddI select L74V and susceptibility is further reduced by M184V/I [29,30] and TAM [30]. K65R can be
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selected by d4T, ABC, and ddIsubstantially reducing efficacy of TFV, ddI and ABC [29-33]. Rarer active site mutations such as Q151M can emerge with use of thymidine
analogues and confer high-level resistance to all NRTI
[31,32].
Connection domain resistance mutations such as
G335C/D, N348I, A360I/V, V365I, and A376S have been
identified and N348I, in particular, emerges following
nevirapine (NVP) exposure [34]. These mutations reduce
and/or delay RNAseH activity thereby allowing more
time for primer unblocking [35]. The effect is to reduce
susceptibility to NRTI, in particular to ZDV [36]. As this
region of the HIV-1 genome is not routinely sequenced
in drug resistance surveys, there are few data on whether
these mutations are transmitted, and thus whether they
may compromise treatment as prevention strategies.
Second-generation drugs in various classes with activity in the face of mutations associated with drug resistance to first generation drugs have been developed (for
example the NNRTI etravirine, the PIs darunavir and
tipranavir, and the INSTI dolutegravir). As ABC and
TFV are compromised by mutations selected by older
NRTI, these drugs are potentially vulnerable in regard to
future use in prevention in areas in which ART scale up
has occurred.
NNRTI and resistance

Two currently licensed NNRTI are efavirenz (EFV) and
NVP, and both are highly effective when combined with
2NRTI [37]. Both bind in a hydrophobic pocket and arrest DNA synthesis through allosteric effects. Highlevel resistance is conferred by various single mutations,
includingK103N, Y181C, Y188C/L/H, V106A/M, G180A/
S and A98G (reviewed in [38]). HIV-2 and HIV-1 group O
are not sensitive to this class of agents due to RT polymorphisms [39,40].
The long plasma half-life of NNRTI predisposes them
to development of resistance, particularly when a fixed
dose tablet is stopped [41]. This may occur due to sub
optimal adherence or drug stock-outs, recently reported
to be common across Africa [42]. PI and NNRTI based
regimens appear to be largely equivalent in terms of viral
suppression rates [43]. However, when virologic failure
occurs, NNRTI are associated with higher rates of drug
resistance to both the NRTI and NNRTI components of
regimens as compared to failure occurring following PI
treatment [44]. If transmitted, NNRTI resistance is of
particular concern as the odds of viral failure when a
major NNRTI mutation pre-exists is approximately two
in the first year of therapy, based on data from both Europe [45] and sub-Saharan Africa [46]. There is evidence
that drug resistance to NRTI and in particular NNRTI
has been rising since ART scale up, with the greatest increases being seen in East African countries [47].
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RTI-based treatment outcomes in the era of HAART

Wide scale availability of ART outside industrialized
countries has been largely possible through generic production of fixed dose combinations (FDC) and accreditation/quality control by the World Health Organization.
Thymidine analogues have featured in the most widely
used regimens along with 3TC/NVP with good outcomes [48,49].
However, NVP interacts with rifampicin-containing tuberculosis therapies and is also associated with potentially serious skin reactions and liver toxicity [50]. Data
suggest that EFV may have equivalent or superior efficacy as NVP, and this agent has gradually replaced NVP.
EFV itself had been avoided due to concerns regarding
congenital birth defects, although it appears from retrospective data that risk is not increased [51].
Rates of viral suppression vary widely across sub Saharan Africa [52], but also among industrialised nations
and risk groups [53,54]. Programmatic efficacy, drug supply and adherence have been identified as key indicators
of successful viral suppression [42]. Lack of virological
monitoring has also been associated with increased prevalence of drug resistance at viral failure, most likely due to
later detection of viral rebound [55,56]. Although the relative advantage of viral versus CD4 count monitoring can
be debated, there is growing consensus that viral load
monitoring is essential [57,58]. With appropriate adherence counseling, viral suppression can be achieved without the need for switch to PI based second line agents,
and re-suppression after viral rebound in the absence of
treatment switch has been observed [56]. Preservation of
second line therapy is highly desirable, as most settings
have access to only one or two lines of treatment.
Treatment as prevention (TasP)

The HPTN052 study showed that immediate treatment
of HIV-infected individuals results in a 96% reduction of
transmission to an uninfected sexual partner in the context of a discordant couple analysis [9]. A study by
Granich et al even predicted that universal HIV testing,
followed by immediate treatment in those testing positive could eliminate the epidemic within a decade [11].
It is not likely that Treatment as Prevention (TasP) can
prevent all infections as this technique has practical constraints [59].
The first practical constraint of TasP is that adherence
to ART initiated at high CD4 counts in the absence of
any clinical illness may not reflect that achieved in
HPTN052. A number of studies are underway to address
this issue.
The second constraint is that immediate treatment is
frequently not possible as a substantial proportion of patients are diagnosed relatively late during their infection.
For instance, epidemiological studies in resource-rich
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settings reported that 50% of patients are diagnosed with a
CD4 < 350 cells/mm3 [60-62]. As a consequence, patients
with early infections are not identified in a timely manner,
whereas these patients acccount for a disproportionally
high number of onward transmissions [63,64].
Third, in sub-Saharan Africa there is a problem with
retention of patients in clinical care [65-68]. In one setting, only 74% of patients were still in clinical care
12 months after start of antiretroviral treatment [68].
Loss-to-follow-up of patients after start of antiretroviral
treatment can have a very detrimental impact. One modelling study even predicted that increasing linkage to
care and preventing loss to follow-up provides nearly
twice the benefits of universal testing and treatment
alone [65]. A final constraint is economic: implementation of TasP requires extensive funding for prolonged
periods of time.
Although TasP may not completely eliminate the epidemic, modeling studies suggest that ART could be effective in reducing transmission on a population level
[11,69-71]. One modeling study that should be highlighted
was done by Eaton et al. who systematically compared
twelve independent mathematical models using a set of
standardized ART intervention scenarios in South-Africa.
One scenario that was standardized was an analysis in
which treatment is started in 80% of individuals with a
CD4 < 350 cells/μl and in which 85% were still on treatment 3 years later. In this scenario the HIV incidence
would be reduced by 35% to 54% 8 years after introduction of ART. Similarly, it was found that the actual scaleup of ART in South-Africa reduced the current incidence
by 17% to 32% as compared to when ART would not have
been available. A recent South African community based
study supports the reduction in transmission that was predicted by mathematical modeling [10].

Future risk of drug resistance following TasP

There are legitimate concerns regarding these of agents
for co-temporaneous treatment for clinical indications and
public health guided prevention efforts. Both efforts would
potentially be compromised by rising drug resistance [47],
especially in resource-limited settings where viral load
monitoring, genotypic resistance tests and second line
therapy are not widely available. Previous studies showed
that availability of such monitoring techniques is associated with a reduction in the emergence of drug resistance
[55,59].
Use of boosted PI instead of NNRTI as first line could
potentially avoid this problem given that viral failure
after modern boosted PI is rarely accompanied by the
occurrence of resistance mutations [43,44]. However,
boosted PI cannot be given with rifampicin used in the
treatment of tuberculosis, posing an important logistical
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barrier. Cost is a further issue, though boosted PI are
now being produced generically and prices are set to fall.
Several modeling papers predicted the future prevalence
of transmission of drug resistant HIV-1 in sub-Saharan
Africa [57,72]. Phillips et al. predicted that in the absence
of viral load monitoring, the prevalence of transmitted
drug resistance could increase to 12.4%. Implementation
of viral load guided monitoring (based on viral load testing
every six months) will result in a prevalence of transmission of drug resistant HIV-1 of about 5-6% [57]. Abbas
et al. reported that use of ART initiated at a CD4 < 200
cell/μl in South-Africa (80% coverage) will prevent 20% of
HIV infections over ten years but increase drug resistance
prevalence to almost 7% [72].
In resource-rich settings, implementation of TasP is
not expected to result in a substantial increase of drug
resistance. In these settings it is standard practice to perform a genotypic resistance before start of treatment, to
estimate the plasma HIV-1 RNA load during treatment
[73], and a genotypic test can be performed to detect acquired drug resistance [74], with subsequent selection of
a virologically active regimen from a wide selection of
available agents. Epidemiological studies have indeed
found that the burden of transmitted and acquired drug
resistance is declining over time in resource-rich settings
[60,75,76].
One mathematical model predicted that over a tenyear time span, TasP can reduce the number of new infections by 34% in Los Angeles County and that at the
same time multi-drug resistance can almost double from
4.8% to 9.1% [77]. It should be noted that the size of the
problem of transmission of drug resistant HIV is greater
in the United States than in other resource-rich settings
[75]. It is not known if a similar increase could occur in
other resource-rich settings where the prevalence of
drug resistance seems to have been reduced during the
past years despite of increasing numbers of individuals
receiving treatment [76,78].
We do not know how good adherence will be where
individuals are treated as part of a TasP strategy. Greater
risk taking behavior is possible, with individuals not
knowing whether their viral load is suppressed in the absence of point of care viral load testing. Under such a
scenario, transmission of drug resistant variants could
occur. Although further studies are underway to better
evaluate TasP, effects on transmitted drug resistance will
be difficult to measure given the long follow-up times
that will be required to obtain definitive results.
Due to favourable tolerability/toxicity and efficacy profiles, tenofovir will be the most widely used NRTI in
first-line therapy [79,80], and also is likely to be the
NRTI of choice in second-line therapy for those who
have failed a first line thymidine analogue-based regimen. Of particular concern are data suggesting that TDF
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(as well as stavudine), when combined with NNRTI
where subtype C virus infections predominate, is associated with a high prevalence (around 50%) of the K65R
mutation in cases of virological failure [31,81-83]. Subtype C viruses seem more likely to develop K65R based
on sequence polymorphisms [38], leading to high- level
cross-resistance to all currently approved NRTIs except
ZDV [33]. At present, rates of transmitted K65R are low
worldwide, and, under trial conditions, cases of transmitted drug resistance involving K65R have not been
reported. As TDF becomes more widely available, surveillance for transmitted K65R is important.
Oral antiretrovirals for use as PrEP

Multiple clinical trials have been undertaken in resource
limited settings using TDF/FTC or TDF alone as PrEP
for predominantly heterosexual transmission. Clinical
trials reported that use of PrEP reduced the risk of infection by 44-75% [84-86]. Two studies, however, did not
find any efficacy of PrEP in reducing infections which is
most likely attributed to sub-optimal adherence [87,88].
In the PrEP trials, blood drug levels correlated with efficacy, consistent with the notion that non-adherence is a
primary reason for failure [84-86].
There is a concern that use of PrEP could result in
emergence and transmission of HIV drug resistance [89].
Studies performed before highly active antiretroviral therapy (HAART) became available showed that use of only
two NRTI’s could result in the emergence of drug resistance. Therefore, drug resistance could rapidly emerge in
individuals that continue using PrEP after they became
infected. Because tenofovir and emtricitabine are also
recommended in first-line treatment [73,90], use of PrEP
could result in the loss of future treatment options [89,91].
Accordingly, the FDA registered the use of TDF/FTC as
PrEP under the condition that viral isolates of patients that
became infected despite the use of PrEP, are investigated
for resistance [92].
Resistance was not common in the trials and was
detected in only nine individuals, of who most had an
unrecognized acute infection [84-86]. Importantly, regular
testing for incident infection was undertaken and prophylaxis was stopped in cases of new infection in PrEP trials.
Such testing is unlikely to be achieved in most high prevalence settings and this raises the possibility of selection of
drug-resistant viruses following transmission.
Assessing the impact of PrEP on drug resistance will require large-scale epidemiological follow-up studies that
are expensive and time-consuming. Mathematical models
have therefore been developed which predict the impact
of PrEP on the future HIV epidemic and the impact of
PrEP on HIV drug resistance [93]. An interesting finding
that has been reported across models is that introduction
of PrEP in sub-Saharan Africa will result in a reduction of
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the prevalence of HIV as compared to a situation when
only ART is used [72,94-96]. Mathematical models also
predict that drug resistance will increase in the coming decade in sub-Saharan Africa as access to ART is expanding.
However, resistance due to combination ART, including
TDF and FTC, is predicted to far exceed resistance due to
PrEP [72,97,98]. One model set in South-Africa found that
drug resistance can be limited by using different antiretroviral drugs in treatment than the antiretrovirals that are
used for PrEP [72]. They reported that ART and PrEP with
overlapping antiretroviral prevents 35% of infections over
ten years but increases resistance prevalence to 8.2%. Conversely, using ART and PrEP with non-overlapping aniretrovirals prevents more infections (37%) and reduces
resistance prevalence to 7.2% [72]. Additional research on
non-overlapping antiretrovirals is therefore required. Classes of antiretrovirals that may be considered as PrEP are
CCR5-inhibitors– reported to prevent SIV infections in
macaques [99].
Behavioral issues regarding TasP would also apply to
wide scale PrEP, where, in the absence of early detection
of incident HIV infection, risk behavior combined with
intermittent PrEP could contribute to emergence and
transmission of drug resistant variants. Multiple studies
are underway to better understand risk behavior in the
context of PrEP, though there is likely to be considerable
heterogeneity of results, based on geographical location,
risk group and calendar time [100,101].
RT inhibitors in prevention of mother to child
transmission (PMTCT)

RT inhibitors have a long and distinguished history in
PMTCT. A few years after introduction of ZDV, the
landmark ACTG 076 study showed that a three component ZDV regimen reduced MTCT from 25% to 8% in
the absence of breastfeeding [102]. Transmission risk
was associated with the duration of ZDV use, although
even shortened perinatal regimens conferred substantial
protection [103-105]. Subsequent evidence showed that
merely one dose of NVP each to the mother and the infant conferred greater protection than peripartum ZDV
alone, and this permitted simplification of MTCT
prophylaxis and facilitated wide scale uptake of prophylaxis in resource poor settings [106]. Moreover, when
prenatal ZDV was boosted with intrapartum NVP, transmission rates in formula-fed infants fell to as low as 2%
[107]. Although combination ART (together with elective Caesarian section and absence of breastfeeding)
proved to be highly efficacious in industrialised settings
[108,109], cost and feasibility concerns coupled with lack
of safety data from developing countries (risk of drug
toxicity in mother, adverse pregnancy outcomes, and
treatment interruption) limited the wider use of triple
ARV prophylaxis. Short course regimens, especially
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single dose (sd) NVP, have therefore become entrenched
as the cornerstone of prophylaxis in poorer parts of the
world for women not yet requiring ARV therapy.
Unfortunately, important challenges have ensued.
Firstly, the inherently low genetic barrier to resistance of
NVP, in addition to its long half-life, increases the likelihood for selection of drug resistant virus. ZDV/3TC for a
week following sd NVP has been shown to reduce the
emergence of NVP resistance [110]. A high prevalence of
NNRTI resistance has been widely documented following
exposure to NVP-based prophylaxis, in the case of sd
NVP as well as extended daily NVP (ED-NVP), in both
mother and infant with deleterious consequences for
NVP-based first line HAART [111-116]. Resistance, however, often fades rapidly and progressively in the first year
following exposure [112,113,117-119]. As a result, virologic susceptibility may be restored in women initiating
NVP based HAART following a minimum of 6 months
after intrapartum NVP exposure [115,116,120]. In the case
of infants, delayed clearance of NVP resistance may also
occur following ED-NVP [121]. Although PI-based
HAART is recommended for infants exposed to antiretroviral prophylaxis, drawbacks associated with continuing
PIs have evoked strategies to recycle NVP following PI induction [122,123]. However, whether these strategies will
be effective following use of ED-NVP remains unknown.
Secondly, in RLS the disastrous impact of unsafe replacement feeding on child survival on the one hand [124]
and breast milk transmission on the other have threatened
the global success of pre- and perinatal prophylaxis regimens. Emerging data from these settings now provide
compelling evidence that covering a recommended six
month exclusive breastfeeding period either with maternal
combination antiretroviral therapy or, where access to
HAART is limited, extended daily infant nevirapine for
14 weeks or 6 months comparably suppresses HIV transmission rates to 1-5% at 6-12 months [130]. Of concern
are emerging data that maternal combination therapy during breastfeeding can induce not only NNRTI but concomitant RT resistance in infants who become infected
despite prophylaxis - K65R, TAMS and M184V have been
reported in breastfed infants [131-133]. The appearance of
drug resistant virus in the infant is thought to result from
direct breast milk transmission of resistant virus or, more
likely, the selection of resistance in the infant as a result of
breast milk ARV exposure [134,135]. It is therefore critical
that programmes implementing maternal ART have systems in place to optimize adherence and retention in care.
There has been a move from sdNVP to HAART in
pregnant and breastfeeding women to limit vertical
transmission, with prolonged ART following weaning.
However, in a South African study, pregnant women
were substantially more likely to be lost to follow-up
than non-pregnant women for both pre-ART care and
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while on ART [136,137], and adherence is a concern
with the potential development of drug resistance for
both mother and infant [131,132].
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Conclusions
Data suggest that treatment as prevention and PrEP may
be used to prevent transmission of HIV, and these could
be powerful tools in curbing and reversing the global epidemic. The experience of PMTCT provides evidence for
the ability of governments and health systems to target
and treat a risk group with single dose ART with the aim
of preventing new HIV infections. WHO option B + (lifelong ART for pregnant HIV infected women as opposed
to limited duration therapy) is now recommended, and future studies will address its success. These data will inform
the feasibility of TasP. Adherence has been identified as a
key barrier to successful implementation of both strategies, and sustained public health messaging will likely be
crucial for success. This is a major research priority.
It should be borne in mind that there are long-term
toxicities associated with current and probably future
ART [138]. EFV is associated with changes in blood lipid
profiles and long-term use would be expected to lead to
increased cardiovascular complications [139]. TFV use
can lead to reductions in renal function over time, as
well as decrease in bone mineral density [140]. Newer
RTI are in development and may have improved safety
profiles. For example, a prodrug related to TFV termed
TAF (tenofovir alafenamide) shows promise as a NRTI,
achieving high intracellular but low plasma concentrations and hence reduced renal and bone toxicity with
oral doses of less than 10 mg per day, in contrast to the
oral TFV dose of 245 mg daily [141].
The field is also in need of new classes for treatment
that do not overlap with prevention strategies. Basic science can help identify new targets, for example capsid destabilisation/stabilisation agents, maturation inhibitors and
antagonists of viral accessory genes. As new agents would
need to be cheap in order to be widely available, dose
optimization should be a priority for future clinical trials
of new antiretrovirals. Critically, basic science can also assist in the development of long acting agents to address
the adherence issues that pervade both therapeutic and
preventive HIV strategies. One promising approach is
nanoparticle technology that might incorporate RTI as
well as other agents [142,143].

Author details
1
Division of Infection and Immunity, University College, 90 Gower St, London
WC1E 6BT, UK. 2Department of Virology, Erasmus Medical Centre, Erasmus
University, Rotterdam, the Netherlands. 3School of Nursing and Public Health,
University of KwaZulu-Natal, Durban, South Africa. 4McGill University AIDS
Centre, Jewish General Hospital, Montreal, Canada.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
RG, SM, MWDvdV, MW wrote the manuscript. All authors read and approved
the final manuscript.

Received: 5 April 2013 Accepted: 26 July 2013
Published: 31 July 2013

References
1. WHO: Global HIV/AIDS response: epidemic update and health sector progress
towards universal access: progress report 2011; 2011. Available from: http://
www.who.int/hiv/pub/progress_report2011/en/index.html.
2. UNAIDS: Together we will end AIDS; 2012. [cited 2012 5th September];
Available from: http://www.unaids.org/en/resources/campaigns/
togetherwewillendaids/factsheets/.
3. UNAIDS: UNAIDS Report on the global AIDS epidemic 2011; 2011. [cited 2012
31st May 2012]; Available from: http://www.unaids.org/globalreport/
Global_report.htm.
4. Mermin J, et al: Mortality in HIV-infected Ugandan adults receiving
antiretroviral treatment and survival of their HIV-uninfected children: a
prospective cohort study. Lancet 2008, 371(9614):752–759.
5. Bor J, et al: Increases in adult life expectancy in rural South Africa:
valuing the scale-up of HIV treatment. Science 2013, 339(6122):961–965.
6. Joint United Nations Programme on HIV/AIDS (UNAIDS): UNAIDS report on
the global AIDS epidemic. Geneva: Joint United Nations Programme on HIV/
AIDS; 2010.
7. Mills E, et al: Male circumcision for the prevention of heterosexually
acquired HIV infection: a meta-analysis of randomized trials involving
11,050 men. HIV Med 2008, 9(6):332–335.
8. Abdool Karim Q, et al: Effectiveness and safety of tenofovir gel, an
antiretroviral microbicide, for the prevention of HIV infection in women.
Science 2010, 329(5996):1168–1174.
9. Cohen MS, et al: Prevention of HIV-1 infection with early antiretroviral
therapy. N Engl J Med 2011, 365(6):493–505.
10. Tanser F, et al: High coverage of ART associated with decline in risk of
HIV acquisition in rural KwaZulu-Natal, South Africa. Science 2013,
339(6122):966–971.
11. Granich RM, et al: Universal voluntary HIV testing with immediate
antiretroviral therapy as a strategy for elimination of HIV transmission: a
mathematical model. Lancet 2009, 373(9657):48–57.
12. Fischl MA, et al: The efficacy of azidothymidine (AZT) in the treatment of
patients with AIDS and AIDS-related complex. A double-blind, placebocontrolled trial. N Engl J Med 1987, 317(4):185–191.
13. Kahn JO, et al: A controlled trial comparing continued zidovudine with
didanosine in human immunodeficiency virus infection. The NIAID AIDS
Clinical Trials Group. N Engl J Med 1992, 327(9):581–587.
14. Spruance SL, et al: Clinical efficacy of monotherapy with stavudine
compared with zidovudine in HIV-infected, zidovudine-experienced
patients. A randomized, double-blind, controlled trial. Bristol-Myers
Squibb Stavudine/019 Study Group. Ann Intern Med 1997, 126(5):355–363.
15. Schinazi RF, et al: Selective inhibition of human immunodeficiency
viruses by racemates and enantiomers of cis-5-fluoro-1-[2(hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine. Antimicrob Agents
Chemother 1992, 36(11):2423–2431.
16. Staszewski S: Zidovudine and lamivudine: results of phase III studies.
J Acquir Immune Defic Syndr Hum Retrovirol 1995, 10(Suppl 1):S57.
17. Gallant JE, et al: Tenofovir DF, emtricitabine, and efavirenz vs.
zidovudine, lamivudine, and efavirenz for HIV. N Engl J Med 2006,
354(3):251–260.
18. Gallant JE, et al: Efficacy and safety of tenofovir DF vs stavudine in
combination therapy in antiretroviral-naive patients: a 3-year
randomized trial. JAMA 2004, 292(2):191–201.

Gupta et al. Retrovirology 2013, 10:82
http://www.retrovirology.com/content/10/1/82

19. Staszewski S, et al: Abacavir-lamivudine-zidovudine vs indinavirlamivudine-zidovudine in antiretroviral-naive HIV-infected adults: A
randomized equivalence trial. JAMA 2001, 285(9):1155–1163.
20. Gulick RM, et al: Treatment with indinavir, zidovudine, and lamivudine in
adults with human immunodeficiency virus infection and prior
antiretroviral therapy. N Engl J Med 1997, 337(11):734–739.
21. Palella FJ Jr, et al: Declining morbidity and mortality among patients with
advanced human immunodeficiency virus infection. HIV Outpatient
Study Investigators. N Engl J Med 1998, 338(13):853–860.
22. Mugyenyi P, et al: Routine versus clinically driven laboratory monitoring
of HIV antiretroviral therapy in Africa (DART): a randomised noninferiority trial. Lancet 2010, 375(9709):123–131.
23. Meyer PR, et al: A mechanism of AZT resistance: an increase in
nucleotide-dependent primer unblocking by mutant HIV-1 reverse
transcriptase. Mol Cell 1999, 4(1):35–43.
24. Boucher CA, et al: Ordered appearance of zidovudine resistance
mutations during treatment of 18 human immunodeficiency viruspositive subjects. J Infect Dis 1992, 165(1):105–110.
25. Miller MD, et al: Genotypic and phenotypic predictors of the magnitude
of response to tenofovir disoproxil fumarate treatment in antiretroviralexperienced patients. J Infect Dis 2004, 189(5):837–846.
26. Schinazi RF, et al: Characterization of human immunodeficiency viruses
resistant to oxathiolane-cytosine nucleosides. Antimicrob Agents
Chemother 1993, 37(4):875–881.
27. Frankel FA, et al: Diminished efficiency of HIV-1 reverse transcriptase
containing the K65R and M184V drug resistance mutations. AIDS 2007,
21(6):665–675.
28. Whitcomb JM, et al: Broad nucleoside reverse-transcriptase inhibitor
cross-resistance in human immunodeficiency virus type 1 clinical
isolates. J Infect Dis 2003, 188(7):992–1000.
29. McColl DJ, et al: Prevalence, genotypic associations and phenotypic
characterization of K65R, L74V and other HIV-1 RT resistance mutations
in a commercial database. Antivir Ther 2008, 13(2):189–197.
30. Melikian GL, et al: Standardized comparison of the relative impacts of
HIV-1 reverse transcriptase (RT) mutations on nucleoside RT inhibitor
susceptibility. Antimicrob Agents Chemother 2012, 56(5):2305–2313.
31. Hosseinipour MC, et al: The public health approach to identify
antiretroviral therapy failure: high-level nucleoside reverse transcriptase
inhibitor resistance among Malawians failing first-line antiretroviral
therapy. Aids 2009, 23(9):1127–1134.
32. Sungkanuparph S, et al: Options for a second-line antiretroviral regimen
for HIV type 1-infected patients whose initial regimen of a fixed-dose
combination of stavudine, lamivudine, and nevirapine fails. Clin Infect Dis
2007, 44(3):447–452.
33. Parikh UM, et al: In vitro activity of structurally diverse nucleoside analogs
against human immunodeficiency virus type 1 with the K65R mutation in
reverse transcriptase. Antimicrob Agents Chemother 2005, 49(3):1139–1144.
34. Yap SH, et al: N348I in the connection domain of HIV-1 reverse
transcriptase confers zidovudine and nevirapine resistance. PLoS Med
2007, 4(12):e335.
35. Delviks-Frankenberry KA, et al: HIV-1 reverse transcriptase connection
subdomain mutations reduce template RNA degradation and enhance
AZT excision. Proc Natl Acad Sci USA 2008, 105(31):10943–10948.
36. Nikolenko GN, et al: Mutations in the connection domain of HIV-1 reverse
transcriptase increase 3′-azido-3′-deoxythymidine resistance. Proc Natl
Acad Sci USA 2007, 104(1):317–322.
37. van Leth F, et al: Comparison of first-line antiretroviral therapy with
regimens including nevirapine, efavirenz, or both drugs, plus stavudine
and lamivudine: a randomised open-label trial, the 2NN Study.
Lancet 2004, 363(9417):1253–1263.
38. Wainberg MA, Zaharatos GJ, Brenner BG: Development of antiretroviral
drug resistance. N Engl J Med 2011, 365(7):637–646.
39. Ren J, et al: Structure of HIV-2 reverse transcriptase at 2.35-A resolution
and the mechanism of resistance to non-nucleoside inhibitors. Proc Natl
Acad Sci USA 2002, 99(22):14410–14415.
40. Descamps D, et al: Susceptibility of human immunodeficiency virus type
1 group O isolates to antiretroviral agents: in vitro phenotypic and
genotypic analyses. J Virol 1997, 71(11):8893–8898.
41. Mackie NE, et al: Clinical implications of stopping nevirapine-based
antiretroviral therapy: relative pharmacokinetics and avoidance of drug
resistance. HIV Med 2004, 5(3):180–184.

Page 7 of 9

42. Bennett DE, et al: HIV drug resistance early warning indicators in cohorts
of individuals starting antiretroviral therapy between 2004 and 2009:
World Health Organization global report from 50 countries. Clin Infect Dis
2012, 54(Suppl 4):S280–S289.
43. Hill A, et al: Resistance at Virological Failure Using Boosted Protease
Inhibitors Versus Nonnucleoside Reverse Transcriptase Inhibitors As FirstLine Antiretroviral Therapy–Implications for Sustained Efficacy of ART in
Resource-Limited Settings. J Infect Dis 2013, 207(Suppl 2):S78–S84.
44. Gupta R, et al: Emergence of drug resistance in HIV type 1-infected
patients after receipt of first-line highly active antiretroviral therapy: a
systematic review of clinical trials. Clin Infect Dis 2008, 47(5):712–722.
45. Wittkop L, et al: Effect of transmitted drug resistance on virological and
immunological response to initial combination antiretroviral therapy for
HIV (EuroCoord-CHAIN joint project): a European multicohort study.
Lancet Infect Dis 2011, 377:1580–1587.
46. Hamers RL, et al: Effect of pretreatment HIV-1 drug resistance on
immunological, virological, and drug-resistance outcomes of first-line
antiretroviral treatment in sub-Saharan Africa: a multicentre cohort
study. Lancet Infect Dis 2012, 12(4):307–317.
47. Gupta RK, et al: Global trends in antiretroviral resistance in treatmentnaive individuals with HIV after rollout of antiretroviral treatment in
resource-limited settings: a global collaborative study and metaregression analysis. Lancet 2012, 380(9849):1250–1258.
48. Laurent C, et al: Effectiveness and safety of a generic fixed-dose
combination of nevirapine, stavudine, and lamivudine in HIV-1-infected
adults in Cameroon: open-label multicentre trial. Lancet 2004,
364(9428):29–34.
49. Calmy A, et al: Generic fixed-dose combination antiretroviral treatment in
resource-poor settings: multicentric observational cohort. AIDS 2006,
20(8):1163–1169.
50. Shubber Z, et al: Adverse events associated with nevirapine and
efavirenz-based first-line antiretroviral therapy: a systematic review and
meta-analysis. AIDS 2013 [Epub ahead of print].
51. Ford N, Calmy A: Efavirenz is not a known teratogen. Pediatr Infect Dis J
2012, 31(9):999. author reply 1000.
52. Barth RE, et al: Virological follow-up of adult patients in antiretroviral
treatment programmes in sub-Saharan Africa: a systematic review.
Lancet Infect Dis 2010, 10(3):155–166.
53. Yehia BR, et al: Comparing different measures of retention in outpatient
HIV care. AIDS 2012, 26(9):1131–1139.
54. Lima VD, et al: Assessing the effectiveness of antiretroviral regimens in
cohort studies involving HIV-positive injection drug users. AIDS 2012,
26(12):1491–1500.
55. Gupta RK, et al: Virological monitoring and resistance to first-line highly
active antiretroviral therapy in adults infected with HIV-1 treated under
WHO guidelines: a systematic review and meta-analysis. Lancet Infect Dis
2009, 9(7):409–417.
56. Hoffmann CJ, et al: Viremia, resuppression, and time to resistance in human
immunodeficiency virus (HIV) subtype C during first-line antiretroviral
therapy in South Africa. Clin Infect Dis 2009, 49(12):1928–1935.
57. Phillips AN, et al: Effect on transmission of HIV-1 resistance of timing of
implementation of viral load monitoring to determine switches from
first to second-line antiretroviral regimens in resource-limited settings.
AIDS 2011, 25(6):843–850.
58. Mermin J, et al: Utility of routine viral load, CD4 cell count, and clinical
monitoring among adults with HIV receiving antiretroviral therapy in
Uganda: randomised trial. BMJ 2011, 343:d6792.
59. Nichols BE, Boucher CA, van de Vijver DA: HIV testing and antiretroviral
treatment strategies for prevention of HIV infection: impact on
antiretroviral drug resistance. J Intern Med 2011, 270(6):532–549.
60. Vercauteren J, et al: Transmission of drug-resistant HIV-1 is stabilizing in
Europe. J Infect Dis 2009, 200(10):1503–1508.
61. CHIC U: Late diagnosis in the HAART era: proposed common definitions
and associations with mortality. Aids 2010, 24(5):723–727.
62. Althoff KN, et al: Late presentation for human immunodeficiency virus
care in the United States and Canada. Clin Infect Dis 2010,
50(11):1512–1520.
63. Brenner BG, et al: High rates of forward transmission events after acute/
early HIV-1 infection. J Infect Dis 2007, 195(7):951–959.
64. Yerly S, et al: Acute HIV infection: impact on the spread of HIV and
transmission of drug resistance. AIDS 2001, 15(17):2287–2292.

Gupta et al. Retrovirology 2013, 10:82
http://www.retrovirology.com/content/10/1/82

65. Bendavid E, et al: Comparative Effectiveness of HIV Testing and
Treatment in Highly Endemic Regions. Arch Intern Med 2010,
170(15):1347–1354.
66. Rosen S, Fox MP: Retention in HIV care between testing and treatment in
sub-Saharan Africa: a systematic review. PLoS Med 2011, 8(7):e1001056.
67. Unge C, et al: Comparing Clinic Retention Between Residents and
Nonresidents of Kibera, Kenya. J Acquir Immune Defic Syndr 2010,
53:283–284.
68. Unge C, et al: Challenges for scaling up ART in a resource-limited setting:
a retrospective study in Kibera, Kenya. J Acquir Immune Defic Syndr 2009,
50(4):397–402.
69. Granich R, et al: Expanding ART for treatment and prevention of HIV in
South Africa: estimated cost and cost-effectiveness 2011-2050. PLoS One
2012, 7(2):e30216.
70. Hontelez JA, et al: The impact of the new WHO antiretroviral treatment
guidelines on HIV epidemic dynamics and cost in South Africa. PLoS One
2011, 6(7):e21919.
71. Eaton JW, et al: HIV treatment as prevention: systematic comparison of
mathematical models of the potential impact of antiretroviral therapy
on HIV incidence in South Africa. PLoS Med 2012, 9(7):e1001245.
72. Abbas UL, et al: Antiretroviral Therapy and Pre-exposure Prophylaxis:
Combined Impact on HIV-1 Transmission and Drug Resistance in South
Africa. J Infect Dis 2013, 208(2):224–234.
73. Thompson MA, et al: Antiretroviral treatment of adult HIV infection: 2012
recommendations of the International Antiviral Society-USA panel.
Jama 2012, 308(4):387–402.
74. Frentz D, et al: Comparison of HIV-1 genotypic resistance test
interpretation systems in predicting virological outcomes over time.
PLoS One 2010, 5(7):e11505.
75. Frentz D, Boucher CA, van de Vijver DA: Temporal changes in the
epidemiology of transmission of drug-resistant HIV-1 across the world.
AIDS Rev 2012, 14(1):17–27.
76. De Luca A, et al: Declining prevalence of HIV-1 drug resistance in
antiretroviral treatment-exposed individuals in Western Europe. J Infect
Dis 2013, 207(8):1216–1220.
77. Sood N, et al: Test-and-Treat in Los Angeles: A Mathematical Model of
the Effects of Test-and-Treat for the Population of Men Who Have Sex
With Men in Los Angeles County. Clin Infect Dis 2013, 56(12):1789–1796.
78. Gill VS, et al: Improved virological outcomes in British Columbia
concomitant with decreasing incidence of HIV type 1 drug resistance
detection. Clin Infect Dis 2010, 50(1):98–105.
79. Daar ES, et al: Atazanavir plus ritonavir or efavirenz as part of a 3-drug
regimen for initial treatment of HIV-1. Ann Intern Med 2011, 154(7):445–456.
80. von Wyl V, et al: Cost-effectiveness of tenofovir instead of zidovudine for
use in first-line antiretroviral therapy in settings without virological
monitoring. PLoS One 2012, 7(8):e42834.
81. Hamers RL, et al: Patterns of HIV-1 Drug Resistance After First-Line
Antiretroviral Therapy (ART) Failure in 6 Sub-Saharan African Countries:
Implications for Second-Line ART Strategies. Clin Infect Dis 2012,
54(11):1660–1669.
82. Doualla-Bell F, et al: High prevalence of the K65R mutation in human
immunodeficiency virus type 1 subtype C isolates from infected patients
in Botswana treated with didanosine-based regimens. Antimicrob Agents
Chemother 2006, 50(12):4182–4185.
83. Sunpath H, et al: High rate of K65R for antiretroviral therapy-naive
patients with subtype C HIV infection failing a tenofovir-containing firstline regimen. AIDS 2012, 26(13):1679–1684.
84. Baeten JM, et al: Antiretroviral prophylaxis for HIV prevention in
heterosexual men and women. N Engl J Med 2012, 367(5):399–410.
85. Grant RM, et al: Preexposure Chemoprophylaxis for HIV Prevention in
Men Who Have Sex with Men. N Engl J Med 2010, 363(27):2587–2599.
86. Thigpen MC, et al: Antiretroviral preexposure prophylaxis for heterosexual
HIV transmission in Botswana. N Engl J Med 2012, 367(5):423–434.
87. Van Damme L, et al: Preexposure prophylaxis for HIV infection among
African women. N Engl J Med 2012, 367(5):411–422.
88. Marrazzo J, et al: Pre-exposure Prophylaxis for HIV in Women: Daily Oral
Tenofovir, Oral Tenofovir/Emtricitabine, or Vaginal Tenofovir Gel in the VOICE
Study (MTN 003), in 20th Conference on Retroviruses and Opportunistic
Infections. Atlanta, USA; 2013.
89. Hurt CB, Eron JJ Jr, Cohen MS: Pre-exposure prophylaxis and antiretroviral
resistance: HIV prevention at a cost? Clin Infect Dis 2011, 53(12):1265–1270.

Page 8 of 9

90. WHO: Rapid advice: antiretroviral therapy for HIV infection in adults and
adolescents. ; 2009:1–28. http://www.who.int/hiv/pub/arv/
rapid_advice_art.pdf.
91. van de Vijver DA, Boucher CA: The risk of HIV drug resistance following
implementation of pre-exposure prophylaxis. Curr Opin Infect Dis 2010,
23(6):621–627.
92. FDA: FDA approves first drug for reducing the risk of sexually acquired HIV
infection. ; 2012. [cited 2013 May 8th, 2013]; Available from: http://www.fda.
gov/NewsEvents/Newsroom/PressAnnouncements/ucm312210.htm.
93. van de Vijver DA, Derdelinckx I, Boucher CA, Circulating HIV: Type 1 Drug
Resistance Will Have Limited Impact on the Effectiveness of Preexposure
Prophylaxis among Young Women in Zimbabwe. J Infect Dis 2009,
199(9):1310–1317.
94. Vissers DC, et al: The impact of pre-exposure prophylaxis (PrEP) on HIV
epidemics in Africa and India: a simulation study. PLoS ONE 2008,
3(5):e2077.
95. Nichols BE, et al: Cost-Effectiveness of Pre-Exposure Prophylaxis (PrEP) in
Preventing HIV-1 Infections in Rural Zambia: A Modeling Study. PLoS One
2013, 8(3):e59549.
96. Pretorius C, et al: Evaluating the cost-effectiveness of pre-exposure
prophylaxis (PrEP) and its impact on HIV-1 transmission in South Africa.
PLoS One 2010, 5(11):e13646.
97. Cambiano V, et al: Pre-exposure prophylaxis: impact on resistance of targeting
sero-discordant couples, 19th International AIDS Conference: Abstract no.
LBPE26. Washington DC; 2012.
98. Van de vijver DAMC, et al: Pre-exposure prophylaxis (PrEP) will have a
limited impact on the prevalence of HIV-1 drug resistance in subSaharan Africa: comparison of mathematical models. J Int AIDS Soc 2012,
15:140–141.
99. Veazey RS, et al: Use of a small molecule CCR5 inhibitor in macaques to
treat simian immunodeficiency virus infection or prevent simian-human
immunodeficiency virus infection. J Exp Med 2003, 198(10):1551–1562.
100. Liu AY, et al: Sexual risk behavior among HIV-uninfected men who have
sex with men (MSM) participating in a tenofovir pre-exposure
prophylaxis (PrEP) randomized trial in the United States. J Acquir Immune
Defic Syndr 2013 [Epub ahead of print].
101. Baeten JM, Grant R: Use of Antiretrovirals for HIV Prevention: What Do We
Know and What Don't We Know? Curr HIV/AIDS Rep 2013, 10(2):142–151.
102. Connor EM, et al: Reduction of maternal-infant transmission of human
immunodeficiency virus type 1 with zidovudine treatment. Pediatric
AIDS Clinical Trials Group Protocol 076 Study Group. N Engl J Med 1994,
331(18):1173–1180.
103. Recommendations on the safe and effective use of short-course ZDV for
prevention of mother-to-child transmission of HIV. Wkly Epidemiol Rec
1998, 73(41):313–320.
104. Wade NA, et al: Abbreviated regimens of zidovudine prophylaxis and
perinatal transmission of the human immunodeficiency virus. N Engl J
Med 1998, 339(20):1409–1414.
105. Shaffer N, et al: Short-course zidovudine for perinatal HIV-1 transmission
in Bangkok, Thailand: a randomised controlled trial. Bangkok
Collaborative Perinatal HIV Transmission Study Group. Lancet 1999,
353(9155):773–780.
106. Guay LA, et al: Intrapartum and neonatal single-dose nevirapine
compared with zidovudine for prevention of mother-to-child
transmission of HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial.
Lancet 1999, 354(9181):795–802.
107. Lallemant M, et al: Single-dose perinatal nevirapine plus standard
zidovudine to prevent mother-to-child transmission of HIV-1 in Thailand.
N Engl J Med 2004, 351(3):217–228.
108. Cooper ER, et al: Combination antiretroviral strategies for the treatment
of pregnant HIV-1-infected women and prevention of perinatal HIV-1
transmission. J Acquir Immune Defic Syndr 2002, 29(5):484–494.
109. Townsend CL, et al: Low rates of mother-to-child transmission of HIV
following effective pregnancy interventions in the United Kingdom and
Ireland, 2000-2006. AIDS 2008, 22(8):973–981.
110. McIntyre JA, et al: Efficacy of short-course AZT plus 3TC to reduce
nevirapine resistance in the prevention of mother-to-child HIV
transmission: a randomized clinical trial. PLoS Med 2009, 6(10):e1000172.
111. Jourdain G, et al: Intrapartum exposure to nevirapine and subsequent
maternal responses to nevirapine-based antiretroviral therapy. N Engl J
Med 2004, 351(3):229–240.

Gupta et al. Retrovirology 2013, 10:82
http://www.retrovirology.com/content/10/1/82

112. Martinson NA, et al: Selection and persistence of viral resistance in HIVinfected children after exposure to single-dose nevirapine. J Acquir
Immune Defic Syndr 2007, 44(2):148–153.
113. Flys T, et al: Sensitive drug-resistance assays reveal long-term persistence
of HIV-1 variants with the K103N nevirapine (NVP) resistance mutation
in some women and infants after the administration of single-dose NVP:
HIVNET 012. J Infect Dis 2005, 192(1):24–29.
114. Arrive E, et al: Prevalence of resistance to nevirapine in mothers and
children after single-dose exposure to prevent vertical transmission of
HIV-1: a meta-analysis. Int J Epidemiol 2007, 36(5):1009–1021.
115. Lockman S, et al: Response to antiretroviral therapy after a single,
peripartum dose of nevirapine. N Engl J Med 2007, 356(2):135–147.
116. Jourdain G, et al: Association between detection of HIV-1 DNA resistance
mutations by a sensitive assay at initiation of antiretroviral therapy and
virologic failure. Clin Infect Dis 2010, 50(10):1397–1404.
117. Loubser S, et al: Decay of K103N mutants in cellular DNA and plasma
RNA after single-dose nevirapine to reduce mother-to-child HIV
transmission. AIDS 2006, 20(7):995–1002.
118. Eshleman SH, et al: Selection and fading of resistance mutations in
women and infants receiving nevirapine to prevent HIV-1 vertical
transmission (HIVNET 012). AIDS 2001, 15(15):1951–1957.
119. Moorthy A, et al: Nevirapine resistance and breast-milk HIV transmission:
effects of single and extended-dose nevirapine prophylaxis in subtype C
HIV-infected infants. PLoS One 2009, 4(1):e4096.
120. Coovadia A, et al: Persistent minority K103N mutations among women
exposed to single-dose nevirapine and virologic response to
nonnucleoside reverse-transcriptase inhibitor-based therapy. Clin Infect
Dis 2009, 48(4):462–472.
121. Persaud D, et al: Slower clearance of nevirapine resistant virus in infants
failing extended nevirapine prophylaxis for prevention of mother-to
-child HIV transmission. AIDS Res Hum Retroviruses 2011, 27(8):823–829.
122. Moorthy A, et al: Induction therapy with protease-inhibitors modifies the
effect of nevirapine resistance on virologic response to nevirapine-based
HAART in children. Clin Infect Dis 2011, 52(4):514–521.
123. Coovadia A, et al: Reuse of nevirapine in exposed HIV-infected children
after protease inhibitor-based viral suppression: a randomized controlled
trial. JAMA 2010, 304(10):1082–1090.
124. Thior I, et al: Breastfeeding plus infant zidovudine prophylaxis for 6
months vs formula feeding plus infant zidovudine for 1 month to
reduce mother-to-child HIV transmission in Botswana: a randomized
trial: the Mashi Study. JAMA 2006, 296(7):794–805.
125. Bedri A, et al: Extended-dose nevirapine to 6 weeks of age for infants to
prevent HIV transmission via breastfeeding in Ethiopia, India, and
Uganda: an analysis of three randomised controlled trials. Lancet 2008,
372(9635):300–313.
126. Coovadia HM, et al: Efficacy and safety of an extended nevirapine
regimen in infant children of breastfeeding mothers with HIV-1 infection
for prevention of postnatal HIV-1 transmission (HPTN 046): a
randomised, double-blind, placebo-controlled trial. Lancet 2012,
379(9812):221–228.
127. Shapiro RL, et al: Antiretroviral regimens in pregnancy and breast-feeding
in Botswana. N Engl J Med 2010, 362(24):2282–2294.
128. Kumwenda NI, et al: Extended antiretroviral prophylaxis to reduce breastmilk HIV-1 transmission. N Engl J Med 2008, 359(2):119–129.
129. Chasela CS, et al: Maternal or infant antiretroviral drugs to reduce HIV-1
transmission. N Engl J Med 2010, 362(24):2271–2281.
130. de Vincenzi I: Triple antiretroviral compared with zidovudine and
single-dose nevirapine prophylaxis during pregnancy and
breastfeeding for prevention of mother-to-child transmission of HIV-1
(Kesho Bora study): a randomised controlled trial. Lancet Infect Dis
2011, 11(3):171–180.
131. Fogel J, et al: Initiation of antiretroviral treatment in women after
delivery can induce multiclass drug resistance in breastfeeding HIVinfected infants. Clin Infect Dis 2011, 52(8):1069–1076.
132. Zeh C, et al: HIV-1 drug resistance emergence among breastfeeding
infants born to HIV-infected mothers during a single-arm trial of tripleantiretroviral prophylaxis for prevention of mother-to-child transmission:
a secondary analysis. PLoS Med 2011, 8(3):e1000430.
133. Fogel JM, et al: Impact of Maternal and Infant Antiretroviral Drug
Regimens on Drug Resistance in HIV-Infected Breastfeeding Infants.
Pediatr Infect Dis J 2013, 32(4):e164–e169.

Page 9 of 9

134. Mirochnick M, et al: Antiretroviral concentrations in breast-feeding infants
of mothers receiving highly active antiretroviral therapy.
Antimicrob Agents Chemother 2009, 53(3):1170–1176.
135. Kunz A, et al: Persistence of nevirapine in breast milk and plasma of
mothers and their children after single-dose administration. J Antimicrob
Chemother 2009, 63(1):170–177.
136. Kaplan R, et al: Loss to follow-up and mortality among pregnant women
referred to a community clinic for antiretroviral treatment. AIDS 2008,
22(13):1679–1681.
137. Nachega JB, et al: Adherence to antiretroviral therapy during and after
pregnancy in low-income, middle-income, and high-income countries: a
systematic review and meta-analysis. AIDS 2012, 26(16):2039–2052.
138. Group DADS, et al: Use of nucleoside reverse transcriptase inhibitors and
risk of myocardial infarction in HIV-infected patients enrolled in the D:A:
D study: a multi-cohort collaboration. Lancet 2008, 371(9622):1417–1426.
139. van Leth F, et al: Nevirapine and efavirenz elicit different changes in lipid
profiles in antiretroviral-therapy-naive patients infected with HIV-1.
PLoS Med 2004, 1(1):e19.
140. Ryom L, et al: Association Between Antiretroviral Exposure and Renal
Impairment Among HIV-Positive Persons With Normal Baseline Renal
Function: the D:A:D Study. J Infect Dis 2013, 207(9):1359–1369.
141. Zolopa A, et al: Comparative Study of Tenofovir Alafenamide vs Tenofovir
Disoproxil Fumarate, Each with Elvitegravir, Cobicistat, and Emtricitabine, for
HIV Treatment, 20th Conference on Retroviruses and Opoortunistic
Infections. Atlanta, Georgia, USA; 2013.
142. Shibata A, et al: Polymeric Nanoparticles Containing Combination
Antiretroviral Drugs for HIV Type 1 Treatment. AIDS Res Hum Retroviruses
2013.
143. Mainardes RM, Gremiao MP: Nanoencapsulation and characterization of
zidovudine on poly(L-lactide) and poly(L-lactide)-poly(ethylene glycol)blend nanoparticles. J Nanosci Nanotechnol 2012, 12(11):8513–8521.
doi:10.1186/1742-4690-10-82
Cite this article as: Gupta et al.: Evolving uses of oral reverse
transcriptase inhibitors in the HIV-1 epidemic: from treatment to
prevention. Retrovirology 2013 10:82.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

