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Objective: The majority of infants born, in developed countries, to HIV-1 positive women
are exposed to the HIV-1 virus in utero or peri/post-partum, but are born uninfected.We, and
others, have previously shown HIV-1 specific T cell responses in HIV-1 exposed seronega-
tive (HESN) neonates/infants. Our objective in this study was to examine the rate of decay
in their HIV-1 specific T cell response over time from birth. Design: Cross-sectional and
longitudinal studies of HIV-1 specific T cell responses in HESN infants were performed.
Methods: Peripheral blood mononuclear cells (PBMC) were isolated from 18 HIV-1 DNA
PCR negative infants born to HIV-1 infected mothers receiving care at the Jacobi Medical
Center, Bronx, NY, USA. PBMC were examined for T cell responses to HIV-1 antigens by
interferon-gamma (IFN-γ) ELISPOT. Results: PBMC from 15 HESN neonates/infants were
analyzed. We observed a decay of HIV-1 specific T cell responses from birth at a rate of
−0.599 spot forming unit/106 cells per day, with a median half-life decay rate of 21.38 weeks
(13.39–115.8). Conclusion: Our results support the dynamic nature of T cell immunity in
the context of a developing immune system. The disparate rate of decay with studies of
adults placed on antiretroviral drugs suggests that antigen specific T cell responses are
driven by the natural rate of decay of the T cell sub-populations themselves.
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INTRODUCTION
Several reports, including from our group, have identified HIV-1
specific T cell responses in HIV-1 Exposed Seronegative (HESN)
infants born to HIV-1 infected mothers (Cheynier et al., 1992;
Rowland-Jones et al., 1993; Aldhous et al., 1994; De Maria et al.,
1994; Kuhn et al., 2001; Legrand et al., 2006). The role of these T cell
responses in helping to prevent infection is unknown. However,
reports of significant anti-viral immune responses against con-
genital pathogens in utero (Rowland-Jones et al., 1993; Kuhn et al.,
2001; Marchant et al., 2003; Legrand et al., 2006; Miles et al., 2008;
Mold et al., 2008; John-Stewart et al., 2009) suggest anti-HIV-
1 specific T cell responses may in part contribute to protection
against vertical transmission.

Maternal viral suppression with antiretroviral agents, together
with close intrapartum and post-partum monitoring of viral loads,
is the standard of care. Despite efforts to control maternal viral
load, pregnant, or breast-feeding mothers, may experience fluc-
tuations in viremia (Van Sighem et al., 2008). These periods of
variable viral load pose an increased risk of exposure to and ver-
tical transmission of HIV-1 during pregnancy, peripartum, and
post-partum (Rowland-Jones et al., 1993; Kuhn et al., 2001; Sab-
baj et al., 2002, 2005; Sharp et al., 2005; John-Stewart et al., 2009;
Walter et al., 2009). Uninfected infants born to HIV-1 infected
mothers (HESN infants) could provide valuable insight into the
kinetics of HIV-1 specific T cell responses in exposed uninfected
individuals.

MATERIALS AND METHODS
SUBJECTS
A cohort of 18 HESN infants born to HIV-1 infected mothers
receiving medical care through the Jacobi Medical Center (Bronx,
NY, USA) were selected to study the decay kinetics of HIV-1
specific T cell responses.

BLOOD SAMPLES FROM HESN INFANTS
EDTA whole blood samples (2–5 ml) from HESN infants
were collected during scheduled visits after obtaining written
parental/guardian informed consent, according to local insti-
tutional review board-approved protocols. Peripheral blood
mononuclear cells (PBMCs) from donors were isolated by Ficoll-
Paque PLUS density gradient centrifugation (Amersham Phar-
macia Biotech, Uppsala, Sweden) and cryopreserved, as pre-
viously described (Sharp et al., 2005; Ballan et al., 2007).
Healthy, HIV-1 unexposed infant PBMC were unavailable for
comparison.

HEALTHY BLOOD DONOR CONTROLS
Healthy blood donor (HBD) controls were collected from the Stan-
ford Blood Bank as Buffy Coats, isolated by Ficoll-Paque PLUS
density gradient centrifugation (Amersham Pharmacia Biotech,
Uppsala, Sweden) and cryopreserved, as previously described
(Sharp et al., 2005; Ballan et al., 2007).
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ELISPOT ASSAY
HIV-1 peptide pools were used at 5 μg/ml while Phytohemagglu-
tinin (PHA 2 μg/ml; Sigma, Aldrich, UK) and a CMV, influenza,
and EBV peptide pool (CEF; NIH AIDS reagent program) were
used as positive controls. Unstimulated cells incubated in RPMI-
1640 with 10% FBS (R-10) served as the negative control. About
100,000 PBMCs, per well were incubated with all antigens and
tested in duplicate wells. Spot forming units (SFUs) were counted
with an automated ELISPOT reader (AID-GmbH, Strasberg, Ger-
many). Positive responses were predefined as the mean SFU above
zero after subtraction of twice the response to R-10. Negative con-
trol wells were required to have less than 20 Spots/well/1 × 105

PBMCs. Three HESN infants were removed from analysis due
to exceeding negative control limits and negative responses to
positive controls.

STATISTICAL METHODS
Samples were plated in duplicate wells, with the average of well
responses used in all calculations. Statistical analyses were per-
formed using Prism 4.0 (GraphPad Software, Inc., CA, USA). Sta-
tistical tests used in analysis included Spearman non-parametric
correlations, linear, and non-linear regressions (one phase expo-
nential decay), one-way ANOVA’s using Kruskal–Wallis, Chi-
squared tests, Fischer’s exact tests, and Dunn’s comparison tests.

To address outliers, all statistical tests were run twice; once with the
outlier HESN infant, and once with the infant removed. Results
reported represent the data set including the outlier HESN infant
unless otherwise stated.

RESULTS
DETERMINATION OF LACK OF HIV-1 INFECTION IN HESN INFANTS
We screened PBMC from 18 HIV-1 DNA PCR negative HESN
infants aged 0–60 months for HIV-1 specific T cell responses.
HIV-1 infected pregnant women and their newborns were man-
aged according to established pMTCT guidelines, including sea-
sonal vaccination against influenza. HIV-1 infected mothers on
HAART were given intrapartum IV Zidovudine (ZDV) and their
offspring received 6 weeks of oral ZDV postnatally. No infant in
this study was breast-fed as per prevailing guidelines during the
sample acquisition period. Qualitative HIV-1 DNA PCRs were
performed at birth and again at 0.5, 1, 2, and 4 months after birth
to determine infection status. HIV-1 serologies were performed at
approximately 15–24 months of age to confirm the loss of passively
acquired HIV-1 specific maternal antibodies.

T CELL RESPONSES IN HESN
Study participants were screened for interferon-gamma (IFN-γ)
responses in an ELISPOT assay against nine HIV-1 antigen pep-
tide pools comprised of 15mers with an 11aa overlap, acquired

FIGURE 1 | HIV-1 specificT cell responses in HESN infants.

A cross-sectional analysis of T cell responses in a HESN cohort of 15 infants
aged 0–13 months showed that HIV-1 specific T cell responses were broader

between 0 and 100 days of age, with non-convergent two-phase exponential
decays for Gag p24, Int, and Nef (half-lives observed were 163.3, 236.7, and
161.4 days respectively).
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from the NIH AIDS reagent program. PBMC were tested in the
ELISPOT assay with peptide pools from HIV-1 consensus B Gag
p24 (58 peptides), Nef (48 peptides), Vif (46 peptides), inte-
grase/Int (67 peptides), reverse transcriptase/RT (140 peptides),
and protease (24 peptides; NIH AIDS Reagent Program). For
interassay variability and plating variability, HBD were plated
on each plate per assay day, and analyzed for variation and
HIV-1 peptide pool sensitivity. Decay rates, and the range of
responses observed in HESN infants were unaffected by interassay
variability or HBD HIV-1 specific peptide responses. A cross-
sectional analysis of T cell responses of 18 HESN infants aged
0–12.3 months revealed 15 of 18 assayed HESN infants had pos-
itive PHA responses (making 15 eligible for analysis). Four of 15
HESN infants had positive CEF responses (coinciding with few
EBV, influenza, and CMV seropositive infants; Figure 1). HIV-
1 specific T cell responses were predominantly found within the
first 100 days of birth. A single response was observed at day 368.
This response was handled as an outlier due to its lack of tem-
poral proximity to other responses (Figure 1). The majority of

HESN infants responded to one or more HIV-1 antigen pools.
The mean HIV-1 specific antigen response for infants, aged 0–
100 days was 126 × 106 SFU (0–640 SFU), and the mean number
of HIV-1 antigen pools responded to by these infants was 4.4
(0–7). There was variable responsiveness to PHA. Monophasic
exponential decay analysis of the data found HIV-1 peptide pools
of Gag p24, Vif, Integrase, Nef, RT, and protease had half-lives
of 44.65, 53.10, 52.31, 45.82, 53.27, and 23.26 days respectively
(Mean HIV-1 antigen half-life was 46.24 days; Figure 1). Sta-
tistically significant differences were observed in mean antigen
responses between two groups of infants, those aged 0–100 (n = 5)
and 201–368 (n = 7) days from birth, for Gag p24 (p < 0.05), RT
(p < 0.05), and Integrase (p < 0.05) peptide pools (Figure 2B),
with decreases in IFN-γ responses after 100 days. Differences
between HIV-1 peptide pool responses between infants under, and
infants over 100 days of age were found significant (p = 0.039,
Chi-square; Figure 2A). There were trends toward differences
between decreasing age and responses for the other HIV-1 antigens
measured.

FIGURE 2 | Differences between HIV-1 peptide pool responses

between infants under, and infants over 100 days of age were found

significant (p = 0.039, Chi-square) (A). Responses were predominantly
found within the first 100 days from birth, with Statistically significant

differences observed in mean antigen responses between two groups of
infants, those aged 0–100 (n = 5) and 201–368 (n = 7) days from birth, for
Gag p24 (p < 0.05), RT (p < 0.05), and Integrase (p < 0.05) peptide
pools (B).
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FIGURE 3 | Longitudinal analysis of three infants aged 0–60 months

showed no significant differences between the slope-derived decay rates

per HIV-1 specific antigen pool response, nor significant differences in

rates of decay between infants (A–C). From this, we calculated the mean
antigen response decay rate of −0.599 SFU/106 cells per day, with a median
half-life decay rate of 21.38 weeks (13.39–115.8).

Interferon-gamma responses decayed rapidly after day 100 with
low mean antigen responses both from days 101–200 of 0 SFU and

days 201–368 of 4.41 (0–55) SFU (Mean antigen responses for days
201–368 were 0.83 (0–10) with the outlier HESN removed). There
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was a decline in the mean number of pools responded to, with
0.0 and 1.43 pools (0–6) for days 101–200 and 201–368, respec-
tively (Pool responses drop to 0.57 for days 201–368 with Outlier
removed; Figure 1).

A longitudinal study of three HESN infants with available
PBMC time points was conducted to obtain a more in-depth analy-
sis of HIV-1 specific T cell response decay kinetics. An estimated
rate of decay (SFU/day) was calculated from the slopes of individ-
ual antigen responses per infant. No significant differences were
observed in the decay rates per antigen between the infants studied
or in the intercepts of specific antigens. These data allowed us to
calculate a mean HIV-1 antigen decay rate for all three infants of
−0.599 SFU/day). From this, the half-life of antigen responses was
calculated as 21.38 weeks (115.8–13.39; Figures 3A–C).

DISCUSSION
We found that HIV-1 specific antigen responses were stronger and
broader in HESN neonates/infants at the time nearest to birth,
and decayed both in magnitude and breadth as time from birth
progressed. This observation reinforces previous studies show-
ing that neonates can mount a vigorous virus-specific response
at the time of birth or shortly thereafter. Although we contend
that the decay in the magnitude and breadth of HIV-1 antigen
specific immune response in these HESN infants is due to the
absence of viral antigens, we cannot rule out an effect from post-
partum ZDV exposure, or the emergence of a regulatory immune
cell population, which might suppress HIV-1 specific immune
responses.

Previous studies have measured decay rates for HIV-1 and CMV
specific epitopes in eight treatment naïve HIV-1 infected adults ini-
tiating HAART (Casazza et al., 2001). In that study, a rapid decline
was observed in HIV-1 specific CD8+ T cell responses at HAART
initiation, with a subsequent rebound in HIV-1 specific CD8+
T cell responses during treatment interruptions. The authors
concluded that the decrease in HIV-1 CD8+ T cell responses rep-
resented a normal memory response to the withdrawal of HIV-1
antigen by HAART and calculated a median half-life rate of decay
of 38 weeks (Casazza et al., 2001). This was much longer than
the median decay rate of 45 days previously measured in a cohort
of treated HIV-1 infected adults (Ogg et al., 1999), a value that
may specifically reflect an early, rapid phase of decay of T cell
responses after HAART initiation. This might be followed by a
much slower decay rate, which would markedly influence the cal-
culation of the aggregate or overall decay rate. The kinetics of
decay observed in HESN infants is not similar to that in adults,
which may be accounted for by the presence of replicating virus
in adult cohorts, where virus replication cannot be demonstrated
in these uninfected children. Previous studies with breast-feeding
permitted in prenatal care guidelines, have documented robust
HIV-1 specific CD4+ T helper responses in HIV-1 exposed unin-
fected newborns. Such T helper responses could extend the activity
of IFN-γ secreting HIV-1 specific CTLs, which in turn may protect
against post-partum infection.

The ability of HESN infants to mount a memory mucosal
immune response was not addressed in our study due to the
prohibiting of breast-feeding. Future studies of breast-fed HESN
infants could address the persistence of memory CTL responses

in the absence of viral replication or antigen presentation. Such
data could further address differences in the immune responses
between adults and children. It is interesting to observe measur-
able HIV-1 specific T cell responses in infants whom are likely
to have had minimal exposure to HIV-1 antigen (the majority of
mothers were on ARV treatment), but it also points to the pos-
sibility of a low dose virus stimulus for a higher HIV-1 specific
T cell response. We have used the standardized nomenclature of
HESN, but we do not know the true viral burden that these infants
were exposed to. It would have been desirable to study the decay
of responses to other antigens, and to study an unexposed infant
cohort, but due to limited cell numbers, and ethical difficulties in
obtaining serial samples from healthy infants, these studies were
not performed. We also cannot definitely establish whether the
T cells have redistributed out of the blood, or have the capacity
to be reactivated. Another reason for the apparent decline could
be simply a change in functionality from interferon-γ production
to a resting population with more proliferative capacity and less
immediate effector function.

In summary, our results support previous reports of HIV-1 spe-
cific T cell responses in HESN infants and the dynamic nature of
T cell immunity in the context of a developing immune system.
If HIV-1 specific T cell responses are contributing to protection
against infection in neonates, our data supports a therapeutic vac-
cine approach to boost responses over the time an infant would
be breast-fed. Our calculated rate of decay in these HESN infants
was not comparable to that measured in adults starting antiretro-
viral therapy, suggesting that the natural rate of decay of antigen
specific T cell sub-populations may be a significant contributor to
the overall kinetics of antigen responses in addition to continued
antigenic exposure.
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