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Summary
Objective—Prior exposure to intrapartum/neonatal nevirapine (NVP) is associated with
compromised virologic treatment outcomes once non-nucleoside reverse transcriptase inhibitor
(NNRTI)-based antiretroviral therapy (ART) is initiated. We examined the longer-term clinical
outcomes in a programmatic setting.

Methods—We compared post-12 month mortality and clinical treatment failure (defined by
WHO clinical and immunologic criteria) among women with and without prior NVP exposure in
Lusaka, Zambia.

Results—Between April 2004 and July 2006, 6,740 women initiated an NNRTI-containing
regimen. At 12 months, 78% remained active and were included in this analysis. 12% reported
prior NVP exposure, whose time from exposure to ART initiation was: <6 months for 11%, 6–12
months for 13%, >12 months for 37%, unknown for 39%. Overall, women with prior NVP
exposure trended toward increased survival (adjusted hazard ratio [AHR]: 0.53; 95% confidence
interval [CI]: 0.27–1.06, p=0.07) and toward increased hazard of clinical treatment failure (AHR:
1.18; 95%CI: 0.95–1.47, p=0.14), particularly those with exposure for <6 months (AHR: 1.52;
95%CI: 0.94–2.45, p=0.09).

Conclusions—Prior NVP exposure appeared to increase risk for clinical treatment failure after
12 months of follow-up, but this finding did not reach statistical significance. With growing
evidence linking recent NVP exposure to virologic failure, optimized monitoring algorithms
should be considered for women with starting NNRTI-based ART. The association between prior
NVP exposure and improved survival has not been previously shown and may be a result of
residual confounding around health-seeking behaviors.
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INTRODUCTION
Peripartum maternal and infant nevirapine (Guay et al. 1999, Jackson et al. 2003) has
become a cornerstone for the prevention of mother-to-child HIV transmission (PMTCT) in
resource-constrained settings, when used alone or in combination with short-course
zidovudine (World Health Organization 2006). Use of the “single-dose” nevirapine (NVP)
regimen, however, can result in selection for resistance to non-nucleotide reverse
transcriptase inhibitor (NNRTI) drugs, alone or in combination with other drugs. When
evaluated by standard population sequencing assays, 15%–69% of women have detectable
NNRTI resistance in the weeks following NVP ingestion (Arrive et al. 2007). This
proportion rises when more sensitive assays such as oligonucleotide ligation assay and
LigAmp assays are used (Flys et al. 2005, Troyer et al. 2008, Chi et al. 2009b)

Recent studies have demonstrated the deleterious impact of prior NVP exposure on virologic
responses to NNRTI-based antiretroviral therapy (ART), particularly when NVP is used in
the months prior to treatment initiation (Lockman et al. 2007, Stringer et al. 2010).
However, there are few data examining the impact of prior NVP exposure on longer-term
clinical outcomes. To better understand the clinical impact of prior NVP exposure after 12
months of follow-up, we conducted a follow-up analysis of HIV-infected women initiating
NNRTI-based ART in the Lusaka, Zambia HIV care and treatment program (Chi et al.
2007b).

METHODS
In this analysis, we describe the clinical outcomes of women initiating ART in Lusaka,
Zambia after 12 months of follow-up. The inclusion and exclusion criteria have been
described elsewhere (Chi et al. 2007b). Briefly, women enrolled into the public sector
program were asked about previous antiretroviral drug use for PMTCT (Stringer et al. 2003,
Chi et al. 2007a). Women who were nulliparous at time of enrollment or who reported the
diagnosis of HIV after their last pregnancy were classified as NVP-unexposed. All women
included in this analysis received care at the standard of the Zambian National Guidelines
for ART care, which are adapted from the World Health Organization (WHO) (Stringer et
al. 2006). Those eligible for therapy are prescribed a NNRTI - NVP or efavirenz - along
with either zidovudine and lamivudine or stavudine and lamuvidine (Mwango et al. 2009).
All patient information was entered into a standardized medical record system, including
date of next appointment and report of death (Fusco et al. 2005). The source population was
the cohort of women initiating NNRTI-based ART between April 2004 and July 2006, as
described in our previous report (Chi et al. 2007b).

We compared women previously exposed to NVP to those who were unexposed, stratifying
the exposure according to length of time between last NVP ingestion and ART initiation
using established conventions in the medical literature (Lockman et al. 2007). Our outcomes
of interest were mortality, clinical treatment failure, and a composite of the two, observed
after 12 months of follow-up (“post-12 month”). Excluded were those who died, formally
withdrew from the program, or were over one month late for a scheduled appointment at 12
months and never returned for care. Clinical treatment failure was defined as (1) worsening
WHO clinical staging after 3 months of ART initiation; (2) CD4 count drop of below 95%
of pre ART initiation level after at least 3 months on ART; and/or (3) switch to second-line
therapy.

In our survival analysis, we considered patient outcomes that occurred at 12 months or more
of follow-up. Log-rank tests were used to evaluate differences in mortality, clinical
treatment failure, and a combination of both outcomes using Kaplan-Meier analysis.
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Multivariate Cox proportional hazards models were used to describe hazard for our
outcomes of interest. Demographic and medical characteristics known to be risk factors for
mortality were included in these models (Stringer et al. 2006). Adherence over the first 12
months was measured by the medication possession ratio, a pharmacy refill-based metric
previously shown to predict mortality (Chi et al. 2009a, Goldman et al. 2008). All analyses
were performed using SAS version 9.13 (SAS Institute, Cary, North Carolina). Use of these
routinely collected data was approved by the ethical review committees at the University of
Zambia (Lusaka, Zambia) and University of Alabama at Birmingham (Birmingham,
Alabama, USA).

RESULTS
Between April 2004 and July 2006, 6,740 women initiated NNRTI-containing ART with a
previously known NVP exposure status (Chi et al. 2007b). Of these, medical information
was available for 6,651 (99%); the remaining 89 (1%) had incomplete or missing data due to
recent upgrades to our electronic medical record. At 12 months post-ART initiation, 5,172
(78%) remained active in the program and were thus included in the analysis. NVP-exposed
women were somewhat better retained in care than unexposed women (81% vs. 77%, p=
0.04). The other patients had either died (n= 479, 7%), withdrew from the program (n= 312,
5%), or were more than a month late since their last visit and never returned to care (n= 688,
10%). The full cohort profile is shown in Figure 1.

Of the 5,172 women included in this analysis, 596 (12%) reported prior NVP exposure for
PMTCT and 4,576 (88%) reported no prior exposure. Differences between these groups
were consistent with our previous report (Chi et al. 2007b). At the time of ART initiation,
women with previous NVP exposure were younger (median age 30.1 vs. 34.6 years, p<
0.001), had higher baseline CD4+ cell counts (mean 170.1 vs. 144.7 cells/µL, p< 0.001),
were more likely to be in WHO clinical stage I or II (42% vs. 31%; p< 0.001), and had
higher baseline hemoglobin levels (mean 10.7 g/dL vs. 10.3 g/dL; p< 0.001) than NVP-
unexposed women. Parity and gravidity were similar between the two comparison groups
(data not shown). Adherence to ART over the first 12 months, as measured by mean
medication possession ratio, was statistically different among women with prior NVP
exposure (87.9%) compared to those with no previous exposure (89.9%; p< 0.01). Median
follow-up did not differ among the NVP-exposed and -unexposed groups in the post-12
month observation period (29.2 vs. 29.3 months, p = 0.52). Of the women with previous
NVP exposure, 67 (11%) reported an interval of less than 6 months before ART initiation,
75 (13%) reported a 6 to 12-month interval, and 220 (37%) waited for more than 12 months
before ART initiation. For the remaining 234 (39%), timing of NVP exposure was unknown.

In Kaplan-Meier analysis, the unadjusted risk for mortality appeared lower among NVP-
exposed women than in those who were unexposed (p= 0.04; Figure 2A). In adjusted Cox
proportional hazards model, NVP exposure was not associated with increased mortality; in
fact, previous use of NVP trended towards being protective (adjusted hazard ratio [AHR]:
0.53; 95% confidence interval [CI]: 0.27–1.06, p= 0.07). We then stratified the NVP-
exposed arm according to time from exposure to ART initiation. When compared to women
with no previous NVP exposure, those with timing intervals of less than 6 months, 6–12
months, and greater than 12 months appeared to have similar hazard in adjusted analyses
(Table 1).

When we examined the impact of NVP exposure on clinical treatment failure in Kaplan-
Meier analysis, women with previous exposure appeared to have a higher risk (p= 0.01;
Figure 2B). Although the hazard for NVP exposure was suggestive of slightly elevated risk
in adjusted analysis (AHR: 1.18; 95%CI: 0.95–1.47, p= 0.14), this trended towards greatest

Chintu et al. Page 3

Trop Med Int Health. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



statistical significance among those with exposure for less than 6 months (AHR: 1.52;
95%CI: 0.94–2.45, p= 0.09) and those with unknown NVP exposure timing (AHR: 1.33;
95%CI: 0.96–1.82, p= 0.08). The results for our composite outcome analysis closely
followed those of clinical treatment failure (Figure 2C, Table 1).

DISCUSSION
In our previous report (Chi et al. 2007b), we found that NVP exposure was not associated
with increased risk for mortality (AHR= 1.2, 95%CI= 0.8–1.8) or clinical treatment failure
(AHR= 1.1, 95%CI= 0.8–1.5) early in the course of ART. When the analysis was limited to
women with available timing information, those with exposure less than 6 months prior to
ART initiation had similar risks for death (adjusted HR= 1.0, 95%CI= 0.3–3.1) but trended
towards higher rates for treatment failure (adjusted HR= 1.6, 95%CI= 0.9–2.7). An
important limitation of our early outcomes analysis was the relatively short patient follow-
up; median time was less than 8 months. Here, we build upon our previous work, in hopes of
better understanding the consequences of NVP exposure on extended ART outcomes. To
minimize the impact of early mortality - as well as the overlap between our two studies - we
considered only those outcomes that occurred after 12 months of follow-up. In this analysis,
we found that NVP exposure was associated with increased survival after 12 months in both
crude and adjusted models. Despite the longer follow-up, the increased hazard for clinical
treatment failure was remarkably similar to our earlier work and once again did not reach
statistical significance (Chi et al. 2007b).

There is growing consensus regarding the negative impact of previous NVP exposure on
later ART outcomes (Jourdain et al. 2004, Lockman et al. 2007, Coovadia et al. 2009,
Stringer et al. 2010). The interval between NVP exposure and ART initiation has emerged
as an important determinant for later virologic outcomes, with more recent NVP exposure
associated with higher risk for virologic failure. In Botswana, high rates of virologic failure
at six months were observed among women who initiated ART within six months of NVP
exposure, when compared to those without exposure (41.7% vs. 0%; p < 0.001). When the
time between NVP exposure and ART initiation was greater than six months, these
outcomes were comparable to those without previous NVP exposure (Lockman et al. 2007).
Investigators from the multi-center NNRTI Response Study found similar stratification of
risk based on time between NVP exposure and ART initiation. Women ingesting NVP
within 6 months of ART initiation had higher risk for virologic failure at 12 months
(adjusted odds ratio= 2.16; 95%CI = 1.34, 3.49). Those with NVP exposure between 6–12
months also had elevated risk, but it did not reach statistical significance (adjusted odds
ratio= 1.47; 95%CI = 0.82, 2.65) (Stringer et al. 2010).

Among women with prior NVP exposure, the risk of virologic treatment failure appears
greatest early in the course of ART and this diminishes over time. For example, long-term
follow-up of the Thai PHPT-2 cohort demonstrated large differences in virologic failure
between NVP-exposed and -unexposed women at 48 months (41% vs. 23%; p= 0.02), but
most events occurred within the first 24 months on ART (Jourdain et al. 2009). Although the
cumulative difference among NVP-exposed and -unexposed women at 60 months was
significant in the Mashi cohort, when limited to post-12 month virologic failure, these
differences appeared marginal (5.9% vs. 4.8%). This remained consistent in the “high risk”
subset of women with NVP exposure less than 6 months prior to treatment initiation (4.2%
vs. 2.8%) (Lockman et al. 2009).

Because poor clinical and immunologic outcomes are known to lag behind virologic ones,
we anticipated a greater risk for clinical treatment failure and mortality after 12 months of
therapy. That these hazards of clinical treatment failure did not change appreciably between
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our two analyses was somewhat unexpected. This finding may be attributed to the clinical
and immunologic criteria used to define treatment failure in this analysis, adapted from
guidelines set forth by the WHO. Several studies have demonstrated their poor performance
of such algorithms in predicting virologic outcomes (Reynolds et al. 2009, Bisson et al.
2008, Badri et al. 2008). However, we elected to use this as an outcome measure because, in
settings with limited to no capacity for virologic monitoring, such criteria serve as the
foundation for clinical decision-making.

We were surprised to find that NVP exposure was associated with increased survival in our
analyses. Similar observations have not been made in clinical trials or analogous cohorts.
When we compared baseline medical and demographic characteristics, women reporting
previous NVP exposure were younger and appeared healthier by immunological and clinical
criteria. Although we attempted to adjust for these factors in multivariable analysis, it is
possible that residual confounding contributed to the increased survival associated with NVP
exposure. It is possible that prior NVP use serves as an indicator of increased health-seeking
behavior, which in turn could result in improved clinical outcomes. Given the programmatic
nature of our data collection system, such parameters are unavailable for inclusion in
multivariable models. Severity of HIV disease between women who previously conceived
and those who did not may also be different. Since pregnancy is an obvious prerequisite for
inclusion in the NVP-exposed group (and not the NVP-unexposed group), this may have
contributed to the differences in treatment outcomes. In our comparisons of baseline
characteristics, however, the median parity and gravidity did not differ significantly.

Strengths of this analysis are the length of follow-up and the “real world” perspective
provided by this programmatic database. Limitations include the lack of virologic outcomes
among our cohort members. Although such testing is available in our setting, its use is
restricted for reasons of cost. The sample size had limited capacity to detect subtle
differences in treatment outcomes, which was exacerbated by our timing-of-exposure
stratifications. The large proportion of women without timing information (39%) and the
limited number of participants in each subsequent category may explain lack of statistical
significance in many key outcomes. Although this cohort had extended follow-up - with a
median of nearly 42 months since ART initiation - it is possible that longer periods are
needed to characterize poor clinical or immunologic outcomes associated with prior NVP
exposure.

Although not statistically significant, our results appear to support the growing literature
surrounding prior NVP exposure and treatment outcomes. Novel strategies are needed to
identify and initiate treatment among ART-eligible women during pregnancy, given the
clear benefits to both mother and infant (Killam et al. 2010). Use of protease inhibitor-based
regimens should also be considered as first-line ART for women who report recent NVP
exposure (Lockman 2009). These results also emphasize the need for better performing non-
virologic algorithms to predict treatment failure. Where possible, routine virologic
monitoring should be considered, particularly when a known risk factor for treatment failure
- such as prior NVP exposure - is identified.
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Figure 1.
Cohort profile of HIV-infected women with known nevirapine exposure status starting
initiating non-nucleoside reverse transcriptase inhibitor-based antiretroviral therapy from
April 2004 to July 2006 enrolled for at least 12 months
* Source population represents the cohort for our previous analysis of early clinical
outcomes
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Figure 2.
Kaplan-Meier analysis for mortality (A), clinical treatment failure (B), and a combination of
the two outcomes (C).
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Table 1

Adjusted hazard ratios (with 95% confidence intervals) for mortality, clinical treatment failure, and
combination outcome of the two, according to nevirapine exposure prior to initiation of non-nucleoside
reverse transcriptase inhibitor-based antiretroviral therapy

Crude hazard ratio
(95% CI)

Adjusted hazard ratio
(95% CI)

Mortality

     No exposure Ref Ref

     Previous NVP exposure: < 6 months 0.90 (0.22 – 3.64) 0.95 (0.23 – 3.88)

     Previous NVP exposure: 6 to 12 months 0.41 (0.06 – 2.93) 0.53 (0.07 – 3.84)

     Previous NVP exposure: > 12 months 0.28 (0.07 – 1.14) 0.33 (0.08 – 1.34)

     Previous NVP exposure: no timing information 0.64 (0.26 – 1.57) 0.58 (0.21 – 1.59)

Clinical treatment failure

     No exposure Ref Ref

     Previous NVP exposure: < 6 months 2.14 (1.36 – 3.38) 1.52 (0.94 – 2.45)

     Previous NVP exposure: 6 to 12 months 1.33 (0.78 – 2.26) 1.06 (0.61 – 1.84)

     Previous NVP exposure: > 12 months 1.12 (0.78 – 1.62) 0.95 (0.65 – 1.40)

     Previous NVP exposure: no timing information 1.58 (1.17 – 2.12) 1.33 (0.96 – 1.82)

Clinical treatment failure or death

     No exposure Ref Ref

     Previous NVP exposure: < 6 months 1.96 (1.26 – 3.06) 1.43 (0.90 – 2.28)

     Previous NVP exposure: 6 to 12 months 1.24 (0.74 – 2.06) 1.05 (0.62 – 1.79)

     Previous NVP exposure: > 12 months 0.98 (0.68 – 1.42) 0.85 (0.59 – 1.25)

     Previous NVP exposure: no timing information 1.46 (1.10 – 1.95) 1.23 (0.90 – 1.68)

All analyses adjusted for age, body mass index, CD4 count, World Health Organization clinical stage, adherence, and nucleotide reverse
transcriptase inhibitor backbone. NVP = nevirapine.
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