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Single-Dose Nevirapine Exposure Affects T Cell Response
and Cytokine Levels in HIV Type 1-Infected Women

Editor: Single-dose nevirapine (SD-NVP) involving a
single 200 mg dose to the mother during labor and a single

dose to the infant within 72 h of birth was shown to be effective
in reducing perinatal HIV transmission in a clinical trial in
Uganda.1,2 The simplicity of the intervention has facilitated
rapid scale up of programs to prevent mother-to-child HIV
transmission (PMTCT) in many low resource settings.3 Nevir-
apine, a nonnucleoside reverse transcriptase inhibitor (NNRTI),
is rapidly absorbed after oral administration and readily crosses
the placenta. The drug also has a long half-life in pregnant
women (median 61–66 h) and infants (45–54 h). These proper-
ties make it an effective agent to reduce transmission but are
also unfortunately associated with selection of drug resistance
mutations that reduce the efficacy of NNRTI-based therapeutic
regimens when started within a year of delivery.4,5 Despite
these constraints, SD-NVP remains one of the most widely used
PMTCT interventions because of its simplicity and low cost.

CD4þ and CD8þ T cell responses are important in the
control of HIV-1 infection. A number of studies have evalu-
ated the impact of highly active antiretroviral therapy
(HAART) on these responses, with the majority of these re-
porting decreases in CD4þ 6,7 and CD8þ 7–12,13 T cell responses
in individuals treated with antiretroviral therapy. It was
generally concluded that it is suppression by HAART of viral
replication that results in reduced T cell responses to HIV-1.
However, there are reports that show effects of short-course
antiretroviral interventions given for PMTCT (short course
zidovudine=lamivudine and SD-NVP) on HIV-stimulated T-
helper cell reactivity [measured in vitro using an interleukin
(IL)-2-dependent proliferation assay]14,15 and plasma im-
mune activation markers16 in cord blood of infants born to
HIV-1-seropositive mothers. Given that the majority of infants
were uninfected, these findings suggest that antiretroviral
drugs may have immunomodulatory potential aside from
their antiviral effects.

We therefore questioned whether SD-NVP would affect
detection of HIV-specific CD4þ and CD8þ T cell responses
among 76 HIV-1-infected women recruited soon after deliv-
ery, and tested within 6 weeks. Results were not different if
we excluded all samples that were not taken within 48 h of
onset of labor (time of NVP dosing), therefore data were an-
alyzed as the total group of 76 women. Of these 56 women
were from Chris Hani Baragwanath Hospital in Soweto and
20 women were from Coronation Hospital in Johannesburg,
South Africa. Fifty-one of the women, whose HIV status was
known prior to delivery, were given standard SD-NVP
(200 mg orally at the onset of labor) to prevent mother-to-child
HIV transmission. The infants were additionally given 0.6 ml
nevirapine as part of the standard protocol.1,2 The HIV status
of the other 25 women was determined only postdelivery and
hence none of these women had consumed any antiretroviral

drugs prior to testing. For the infants of these women, one
dose of nevirapine was given as ‘‘postexposure prophylaxis.’’
The median maternal viral load was 13,400 copies=ml (range
399–491,000), and the median CD4þ T cell count was
439 cells=ml (range 40–1655 cells=ml) for the cohort. There was
no significant difference in the CD4þ T cell count or viral loads
between the women who had been given SD-NVP and those
who had not ( p> 0.05) (Table 1).

HIV-specific CD4þ and CD8þ T cell responses to HIV-1
peptide pools to Gag, Env, Pol, Nef, and the regulatory region
(Reg) were analyzed using a whole blood intracellular cyto-
kine staining (ICS) assay that measures both IL-2 and inter-
feron (IFN)-g (both antibodies labeled with the same
fluorochrome) as described previously.17 There was a greater
number of positive responses (defined as responses �0.1%
after subtraction of the background staining) in the women
who had not received SD-NVP in comparison with those who
had for CD4þ T cell Pol-, Nef-, and Reg-specific responses, and
for CD8þ T cell responses to all peptide pools (Table 2). By

Table 1. Clinical Characteristics of Individuals

within the Study Groups

Study groupa

No NVP NVP

Number of subjects 25 51
Age (years) 28 (18–39) 28 (18–37)
CD4þ T cell count

cells=ml
486 (195–1655) 428 (40–1479)

Viral load 15940 (399–491000) 11700 (399–466,000)

aResults are expressed as medians, with the range in parentheses.

Table 2. Frequency of CD4þ and CD8þ T Cell

Responses to HIV-1 Peptides

Peptide pool No NVP (%) NVP (%) p valuea

CD4þ T cell responses
Gag 9=25 (36%) 18=51 (35%) P¼ 1.0
Pol 6=25 (24%) 10=51 (20%) P¼ 0.766
Nef 6=25 (24%) 6=51 (12%) P¼ 0.193
Reg 9=25 (36%) 8=51 (16%) P¼ 0.077
Env 7=25 (28%) 20=51 (39%) P¼ 0.446

CD8þ T cell responses
Gag 21=25 (84%) 41=51 (80%) P¼ 1.0
Pol 22=25 (88%) 37=51 (73%) P¼ 0.154
Nef 23=25 (92%) 38=51 (75%) P¼ 0.123
Reg 18=25 (72%) 28=51 (55%) P¼ 0.213
Env 19=25 (76%) 28=51 (55%) P¼ 0.085

aFisher’s exact test. Results are not significant ( p> 0.05).
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contrast, detectable CD4þ T cell Env responses were more
highly represented in the NVP group, with Gag CD4þ T cell
responses seen in similar proportions of individuals in either
group. However, differences in proportions of individuals
responding in either group were not significant for any of the
comparisons ( p> 0.05).

The magnitude of the CD4þ T cell responses to any of the
HIV peptides was not significantly different between the
women who had received SD-NVP and those who had
not, with the exception of Reg-specific responses ( p¼ 0.026)
(Fig. 1A). Significant reductions in the magnitude of the CD8þ

Pol- ( p¼ 0.012), Nef- ( p¼ 0.014), and Env-specific responses
( p¼ 0.021) were evident, with Gag and Reg CD8þ T cell re-
sponses not significantly different between the two groups.
Interestingly, there was a significant reduction in the magni-
tude of the CD4þ ( p¼ 0.015) and CD8þ( p¼ 0.032) T cell re-
sponses to SEB in the women who had received SD-NVP
compared with those who had not. These findings suggest
that a reduction in the magnitude of HIV-specific T cell re-
sponses is explained by immunomodulatory consequences of
the drug, rather than through antiviral effects of the drug
reducing viral load and so reducing anti-HIV T cell responses.
Furthermore, the fact that results were not different when
samples were tested within 48 h of SD-NVP administration
compared to inclusion of samples up to 6 weeks (data not
shown) suggests that if the effects of NVP wane this would
occur at a time point beyond this.

Consistent with reductions in T cell responses, circulating
levels of particular soluble factors were also decreased in the
group of HIV-1-infected women who received SD-NVP.
Concentrations of Fas ligand (FasL), tumor necrosis factor
alpha (TNF-a), interferon gamma (IFN-g), interleukin (IL)-2,
IL-4, IL-7, IL-8, IL-10, and IL-12, granulocyte macrophage
colony-stimulating factor (GM-CSF), granulocyte colony-
stimulating factor (G-CSF), macrophage inflammatory pro-
teins 1-alpha (CCL3), 1-beta (CCL4), and CCL5 (formerly
known as ‘‘regulated on activation, normal T cell expressed
and secreted’’ or RANTES) (all using BD� CBA Flex Set
System and BD� Human Soluble Protein Master Buffer Kit;
BD, San Diego, CA) and IL-15 (Quantikine IL-15 ELISA kit;
R&D Systems Inc., Minneapolis, MN) were determined from
maternal plasma samples. There was only a significant re-
duction in CCL3 ( p¼ 0.001) and IL-8 ( p¼ 0.009) plasma levels
in the women who had received SD-NVP compared with
those who had not (Fig. 2), with a trend to that effect for IL-15
( p¼ 0.058) and TNF-a ( p¼ 0.062) plasma levels. These data
are consistent with our earlier findings of a reduction in

spontaneously released and phytohemagglutinin-stimulated
CCL3 in HIV-exposed uninfected infants whose mothers had
been given SD-NVP, compared with infants whose mothers
had not received antiretroviral therapy.18 Therefore, reduc-
tions in levels of certain cytokines can be detected with short
exposure to nevirapine in the context of existing infection
(HIV-1-infected mothers) and in the context of HIV-1 expo-
sure (exposed-uninfected infant). It is also significant that
host genotypes of CCL3 and CCR5 show associations with
maternal–infant HIV-1 transmission only in the absence of
antiretrovirals,18,19 suggesting that positive effects of anti-
retrovirals in preventing MTCT mask these relationships.

As both nonpolarized and naive T cells can be induced by
CCL3 to produce IFN-g,20 the lower plasma levels of CCL3 in
the women who had received SD-NVP compared with those
who had not may contribute to the lower magnitude of T cell
intracellular IFN-g production in these women. The chemo-
kine IL-8 has been predominantly characterized as a factor
that induces chemotaxis of neutrophils that express the IL-8
receptors CXCR1 and CXCR2.21 However, effector CD8þ T
cells have recently been found to express CXCR1, and could
be induced to migrate by IL-8. Therefore the IL-8-CXCR1 axis
is likely to be important in the homing of effector CD8þ T
cells.22 The lower IL-8 plasma levels in the women who had
received SD-NVP, compared with those who had not received
any antiretroviral therapy, may affect the IL-8–CXCR1 axis
and influence the development of T cell responses.

In conclusion, this study has demonstrated that SD-NVP
has a suppressive effect on T cell responses induced by HIV-1
peptides and by SEB (therefore irrespective of T cell response
specificity), and also reduces plasma levels of certain che-
mokines (CCL3 and IL-8). These data add further to our
findings of increased levels of soluble plasma activation
markers in infants in the presence of SD-NVP.16 Taken to-
gether these data suggest that nevirapine may act by en-
hancing some immune pathways yet suppressing others.
These results should not be interpreted as discouraging the
use of single-dose nevirapine for prevention of mother-to-
child HIV transmission. Although SD-NVP is not as effective
as longer regimens, it remains a useful strategy for low re-
source settings in which the infrastructure to provide more
effective prevention strategies is not yet in place. Initial con-
cerns about the detrimental effects of the intervention for later
treatment outcomes among women proved to be overstated.
Studies now show no demonstrable long-term effects on
treatment outcomes if therapy is started more than a year after
exposure.5,23 The immunomodulatory effects we demonstrate

FIG. 1. The magnitude of the CD4þ (A) and CD8þ (B) T cell responses for 25 women who received no NVP and 51 women
who received single-dose NVP at the onset of labor. Y-axis: percentage of IL-2 and=or IFN-g-expressing cells in response to
peptide pools Gag, Pol, Nef, Reg (Tat, Rev, Vif, Vpu, Vpr peptide pools combined), and Env, and the positive control SEB.
Data are presented as individual values (dots), medians (thick horizontal lines), 25 and 75th percentiles (boxes), and 10th and
90th percentiles (thin horizontal lines). Comparison of the magnitudes of the T cell responses between the study groups was
done using the Mann–Whitney U test and SPSS software (SPSS, Chicago, IL). Significant differences between groups are
indicated. NVP, nevirapine. (C) Representative flow cytometric plots show gating of lymphocytes according to side scatter
(SSC) and forward scatter (FSC) characteristics, followed by gating CD3-positive lymphocytes and CD8þ and CD8� cell
(CD4) populations. (i and iii) Flow plots showing CD3þCD8þ cells and CD3þCD8� (CD4) cells (y-axis) expressing IL-2
and=or IFN-g (x-axis) of two different patients (no NVP group). (ii and iv) Flow plots from a patient, exposed to NVP,
showing the proportions of CD3þCD8þ and CD3þCD8� (CD4) cells expressing IL-2 and=or IFN-g (x-axis), respectively.
Stimuli are indicated above CD3þCD8� and CD3þCD8� plots: US, unstimulated; Nef or Env peptide pools; SEB. Values
indicated within plots are percentages of T cells (CD8 or CD4) expressing IL-2 and=or IFN-g.
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here may help explain why the intervention is effective in
preventing mother-to-child HIV transmission and are un-
likely to have adverse clinical effects on long-term disease
progression in the mother. Understanding the mechanisms
responsible for immunomodulatory effects of NVP or other
antivirals remains important as certain drugs may act indi-
rectly through induction=suppression of various immune
pathways that serve to curb HIV-1 infection independently of
direct antiviral drug effects.
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