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Objectives: HIV-neutralizing immunoglobulin A (IgA) and HIV-specific cellular immunity have been described in highly exposed, persistently seronegative (HEPS) individuals, but well controlled studies have not been performed. We performed a prospective,
nested case–control study to examine the association of genital IgA and systemic
cellular immune responses with subsequent HIV acquisition in high-risk Kenyan female
sex workers (FSWs).
Design and methods: A randomized trial of monthly antibiotic prophylaxis to prevent
sexually transmitted disease/HIV infection was performed from 1998 to 2002 in HIVuninfected Kenyan FSWs. After the completion of trial, FSWs who had acquired HIV
(cases) were matched 1 : 4 with persistently uninfected controls based on study arm,
duration of HIV-seronegative follow-up, and time of cohort enrolment. Blinded investigators assayed the ability at enrolment of genital IgA to neutralize primary HIV isolates
as well as systemic HIV-specific cellular IFNg-modified enzyme-linked immunospot
and proliferative responses.
Results: The study cohort comprised 113 FSWs: 24 cases who acquired HIV and
89 matched controls. Genital HIV-neutralizing IgA was associated with reduced HIV
acquisition (P ¼ 0.003), as was HIV-specific proliferation (P ¼ 0.002), and these associations were additive. HIV-specific IFNg production did not differ between case and control
groups. In multivariable analysis, HIV-neutralizing IgA and HIV-specific proliferation each
remained independently associated with lack of HIV acquisition. Genital herpes (HSV2)
was associatedwithincreasedHIV riskandwithreduceddetectionofHIV-neutralizingIgA.
Conclusion: Genital HIV-neutralizing IgA and systemic HIV-specific proliferative
responses, assayed by blinded investigators, were prospectively associated with HIV
nonacquisition. The induction of these immune responses may be an important goal for
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HIV vaccines.
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Introduction
The development of preventive HIV-1 (HIV) vaccines or
microbicides as tools in the global pandemic has been
hampered by a lack of established immune correlates of
protection. The passive transfer of potent HIV-neutralizing
antibodies protected against mucosal viral challenge in
macaques [1–3], and passive transfer to HIV-infected
individuals delayed viral rebound in some patients
interrupting antiretroviral therapy [4]. Furthermore,
higher levels of neutralizing antibodies have been described
in long-term nonprogressive infection [5–7] and in
mothers who did not transmit HIV to their children
[8–10]. For HIV-neutralizing antibodies to protect against
sexual HIV acquisition, such antibodies would likely need
to be present at the level of the genital tract mucosa. In
addition, HIV-specific cellular immune responses are
critical in the host control of HIV after infection and may
also be an important HIV vaccine goal. In particular, intact
HIV-specific CD8þ proliferative capacity has been
associated with long-term nonprogression [11].
Sexually transmitted infections (STIs) may disturb the
genital tract immune milieu and enhance HIV susceptibility [12], and so it will be important to understand the
effect of genital infections on the levels and/or function of
HIV-neutralizing antibodies. This may be particularly
important for gonorrhea, which can produce an
immunoglobulin A (IgA) protease [13] and may impair
systemic HIV-specific cellular immune responses [14].
A minority of individuals exposed to HIVappears to resist
infection and are defined as highly exposed, persistently
seronegative (HEPS) [5]. Such individuals may provide
clues to the immune correlates of HIV protection [15].
Both mucosal (genital tract) and systemic HIV-specific
immune responses have been described in HEPS groups,
including HIV-specific CD4þ and CD8þ T cells, and
HIV-neutralizing IgA antibodies [16–18]. Possible
explanations for the induction and maintenance of these
adaptive immune responses include low level continuous
virus replication in mucosal tissue below the level of
clinical detection [19]; single rounds of HIV replication
followed by viral clearance; immune processing of
nonreplication competent viruses or viral fragments
[20,21]. It, however, remains unclear whether such
immune responses are responsible for protection or are a
paraphenomenon of nonproductive HIV exposure [22].
Furthermore, not all studies have found immune
responses in HEPS subjects and those that have are
generally cross-sectional and unblinded.
We hypothesized that a prospective, blinded study of
HIV-specific immunity in HIV-uninfected individuals
would demonstrate which, if any, of these immune
responses were independently associated with reduced
HIV acquisition and performed such a study within a
cohort of high-risk Kenyan female sex workers (FSWs)

participating in a prospective, randomized clinical trial of
HIV prevention [23].

Material and methods
Study population and procedures
A double-blind, randomized trial of monthly antibiotic
prophylaxis to prevent STIs and HIV infection was
performed from 1998 to 2002 in Kenyan FSWs from
Kibera, Nairobi [23]. Inclusion criteria were negative HIV
serology, current engagement in sex work, age 18 years at
least, expected residence in Nairobi for 2 years at least,
and no prior adverse reaction to macrolides. In brief,
466 participants were randomized to oral azithromycin 1 g
monthly or an identical placebo. All women underwent a
full physical examination and STI testing and therapy at
enrolment and every 6 months. HIV serology was
performed every 3 months. A behavioral questionnaire
was administered at enrolment and every 3 months.
Condom provision and risk reduction counseling (both
clinic-based and peer-based) were provided.
Cervicovaginal secretions (CVS) were collected from all
FSWs at trial enrolment. One cotton-tipped swab was
rotated 3608 in the cervical os, and a second swab
collected secretions from the posterior vaginal fornix.
Both swabs were transferred into a vial containing 5 ml of
phosphate-buffered saline (PBS), transferred to the
laboratory within 2 h on ice, spun down to remove
cellular debris, and cryopreserved at 808C. Peripheral
blood mononuclear cells (PBMCs) were isolated from
enrolment blood samples by density centrifugation and
cryopreserved in liquid nitrogen.

Immunoglobulin A purification
Enrolment IgA1 (IgA) was purified from thawed CVS with
jacalin/agarose as previously described [24] with minor
modifications. Eight hundred microliters CVS was added
to 400 ml jacalin/agarose beads and mixed for 2 h at 48C
followed by centrifugation and collection of the IgAdepleted fraction. Jacalin/agarose beads were washed with
PBS pH 7.4, and bound IgA was eluted overnight at room
temperature in 1 ml 0.8 mol/l D-galactose pH 7.5. Purified
IgA was collected and all fractions were stored at 808C.
An in-house enzyme-linked immunosorbent assay was
used to quantify IgA. Plates were coated with monoclonal
mouse-antihuman-IgA (Nordic Immunology, Tilburg,
the Netherlands); alkaline phosphate-conjugated mouseantihuman-IgA (Becton Dickinson, Stockholm, Sweden)
was the secondary antibody. The standard was pooled
normal human IgA (Nordic Immunology).
HIV-neutralization assay
HIV-1 neutralization assays used a predefined protocol
and neutralization cutoff [17] and were performed by
investigators blinded to clinical outcome. Two HIV
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primary isolates previously used in neutralization assays
[25–27], RW009 (a dual tropic clade A virus, the most
common clade in Kenya) and ZA003 (a R5 tropic clade C
virus, the most common clade globally; both from the
NIH AIDS Research & Reference Reagent Program;
Rockville, Maryland, USA) [28], were collected from
phytohemagglutinin (PHA) and interleukin 2 (IL-2)
stimulated PBMCs. Median tissue culture infective dose
(TCID50) values were determined and aliquots were
stored at 808C. As TCID50 values may change
depending upon PBMCs donor, three viral dilutions
were used in each assay. The purified IgA was not further
diluted or concentrated when tested for neutralizing
capacity. Duplicate wells of each virus dilution and of each
sample fraction were incubated for 1 h at 378C, followed
by addition of a mixture of 1  105 PHA-stimulated
PBMCs from two different donors. After 16–18 h
incubation at 378C, unbound virus was washed away
and fresh medium (RMPI 1640; GIBCO, Life Technologies, Gaithersburg, Maryland, USA) supplemented
with fetal bovine serum and IL-2 was added. Medium was
replaced on day 3, and on day 6 the supernatant was
collected and analyzed in a p24 antigen enzyme-linked
immunosorbent assay (Murex HIV Antigen Mab kit;
Abbott Diagnostics, Abbott Park, Illinois, USA). As
previously described [17], neutralization was defined as an
at least 67% reduction of p24 antigen in the supernatant as
compared with p24 antigen content when the virus
isolate was incubated in the presence of low-risk
HIV-seronegative sample. Positive control samples
(HIV IgG-positive serum) were included in each assay.

HIV-specific, IFNg-modified enzyme-linked
immunospot assays
Modified enzyme-linked immunospot (ELISPOT) assays
were performed by research personnel blinded to clinical
outcome, as previously described [29] with minor modifications. Fifteen-mer peptides overlapping by 11 spanning
the HIV-1 clade A consensus genome (NIH AIDS
Research & Reference Reagent Program) were divided
into 12 pools of 60–70 peptides. In addition, a panel of
50 predefined, optimized HIV-1 epitopes [29] (Sigma
Genesis, The Woodlands, Texas, USA) was tested in
5 pools of 10 peptides. Microtiter plates (96-well;
Multiscreen PVDF, Millipore, Bedford, Massachusetts,
USA) were coated with anti-IFNg monoclonal 1-D1K
(Mabtech Inc., Mariemont, Ohio, USA) overnight at 48C.
Plates were washed 4 with PBS and blocked with 10%
FBS, 100 IU/ml penicillin, 100 mg/ml of streptomycin,
2 mM glutamax for 2 h at 378C. 1–2  105 PBMCs,
thawed and kept at 378C–5% CO2 overnight, were
incubated for 18 h with either defined epitope pools at
10 mg/ml/peptide (100 mg/ml total peptide concentration), 15-mer pools with each peptide at 1 mg/ml
(maximum 100 mg/ml total peptide concentration), or
with a positive control (PHA 10 mg/ml or staphylococcal
enterotoxin B [SEB] 0.2 mg/ml). Assays were performed in
duplicate. Four wells of cells in culture medium alone

served as a negative control. Plates were developed and
responses counted using an automated ELISPOT reader
(CTL, Cleveland, Ohio, USA). HIV-specific IFNg
responses were reported as spot-forming cells (SFU)/106
PBMCs after subtraction of background. A positive HIVspecific IFNg response was defined previously [29] as
IFNg production in PHA-positive or SEB-positive control
wells, an HIV-specific response more than 20 SFU/106
PBMCs in duplicate wells of overlapping peptide or
defined epitope pools, and HIV-specific response at least
2 background.

HIV-specific proliferation assays
HIV-specific cellular proliferation was assayed by
3
H-thymidine incorporation after the stimulation of
PBMCs with peptide pools. Due to limited cell numbers,
PBMCs from corresponding wells of ELISPOT plate
were removed, transferred into a sterile 96-well tissue
culture plate, and stimulated with the same antigen
for 6 further days. Wells were pulsed with 1 mCi/well
3
H-thymidine for 6 h, harvested using a 96-well cell
harvester (Tomtec Inc., Hamden, Connecticut, USA),
and uptake measured with a scintillation counter. A
stimulation index was calculated as the mean count per
minute from cells stimulated with antigen or mitogen,
divided by the mean count per minute from unstimulated
cells. An assay was considered positive if the stimulation
index in positive control wells was greater than 5 and the
HIV-specific stimulation index was greater than 5.
Statistical analysis
Analyses were performed with SPSS version 11.0 software
(Chicago, Illinois, USA). FSWs acquiring HIV during the
trial (cases) were matched by an external biostatistician to
FSWs who had remained HIV uninfected for at least the
time to case seroconversion (controls). Matching was
performed blind to immune assay results and was based on
time of study enrolment, study arm (azithromycin vs.
placebo), and duration of HIV-seronegative follow-up. IgA
assays were performed for all participants, but PBMCs
availability varied. For 15 controls, neither ELISPOT nor
proliferation data were available. As all clusters were
essentially complete when these records were omitted
(they had both cases and controls), these records were
omitted from the conditional logistic regression analysis.
For a further 10 records (three cases, seven controls)
ELISPOT data were available, but proliferation data were
not. Single imputation was used to maintain these clusters
in the multivariable model and was performed by replacing
the missing value of ‘proliferation’ by its expected value
(i.e., the probability that it equals 1), estimated using
stepwise logistic regression on all other variables associated
with proliferation in univariate analysis. Study outcome
(HIV acquisition) was not used to predict the proliferation
value.
Univariate associations of HIVacquisition were assessed in
a matched case–control format, using Mantel–Haenszel
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analysis (dichotomous variables) or conditional logistic
regression (continuous variables). Stratified multivariable
analyses of the associations of HIV acquisition were
performed by conditional logistic regression using a Cox
proportional hazards model, with the inclusion of all
variables associated with HIV acquisition in univariate
analysis (P  0.05). SPSS does not offer conditional logistic
regression per se, and so these analyses were performed
using an established adaptation of Cox regression to obtain
equivalent results [30,31]. Models were compared using
the likelihood ratio (LR) test.

Ethical approval
The study protocol was approved by institutional review
boards at the Kenyatta National Hospital (Nairobi,
Kenya), the University of Toronto (Toronto, Canada),
the University of Manitoba (Winnipeg, Manitoba,
Canada), and Karolinska Institutet (Stockholm, Sweden).

Results
Description of study population
Despite a successful HIV risk reduction program and a
substantially reduced incidence of STIs, the addition of
monthly azithromycin prophylaxis did not reduce the
incidence of HIV and 35 participants acquired HIV
between May 1998 and November 2002 [32]. Each case
was matched with a mean of four FSW controls (women
who remained HIV-seronegative). One shipment of
study samples was thawed (destroyed) in transit, and so
samples from 24 cases and 89 controls were available for
analysis (mean, 3.7 controls matched per case). Case and
control groups were generally similar, but cases had a
higher rate of herpes simplex virus type 2 (HSV2)
infection and a higher alcohol intake (Table 1). Sexual risk
taking declined after enrolment, as has been described in
the larger cohort [32], but at the time of HIV acquisition
by the case there was no difference in the estimated HIV
exposures over the past year from matched controls
(median 15.2 vs. 17.3; P ¼ 0.9).
HIV-neutralizing genital tract immunoglobulin A
and HIV acquisition
IgA purified from enrolment CVS neutralized the
primary clade A isolate in 31/113 participants (27%);
29/89 (33%) controls and 2/24 (8%) cases [Mantel–
Haenszel common odds ratio (MHOR) estimate, 0.08;
95% confidence interval (CI), 0.01–0.62; P ¼ 0.02; Fig.
1]. Neutralizing IgA activity against the clade C isolate
was detected in 70/113 participants (62%); 60/89 (67%)
controls and 10/24 (42%) cases (MHOR estimate, 0.31;
95% CI, 0.11–0.85; P ¼ 0.02; Fig. 1). Overall, IgA with
neutralizing activity against either clade A or clade C was
present in the genital tract of 83/113 (74%) FSWs and was
strongly associated with reduced HIV acquisition [72/89
controls (81%) vs. 11/24 cases (46%); MHOR estimate,

Table 1. Enrolment characteristics of Kenyan sex workers who
acquired HIV during follow-up (cases) or remained HIV uninfected
(controls).
Cases
(n ¼ 24)a

Controls
(n ¼ 89)a

Age (years)
27 (19–47)
29 (18–51)
Age at first sex (years)
16 (14–20)
16 (11–25)
Duration of prostitution (years)
4.5 (1–13)
4 (0–24)
186 (3–468)
154 (1–975)
Estimated HIV exposures
b
(past year)
50 (10–400)
100 (10–500)
Charge for sex (Ksh)c
Women with regular partner
10 (42%)
47 (53%)
Work from own home
15 (63%)
54 (61%)
Practice vaginal douching
19 (79%)
60 (67%)
Hormonal contraception
7 (29%)
33 (37%)
Ever practice sex during menses
6 (25%)
18 (23%)
Ever practice anal intercourse
3 (13%)
14 (16%)
HSV2 seropositive
24/24 (100%)
51/81 (63%)MM
Neisseria gonorrhoeae
3 (13%)
9 (10%)
Syphilis
4 (17%)
4 (4%)
2.7 (0–4)
1.6 (0–4)MM
Alcohol intaked
HSV2, herpes simplex virus type 2.
a
Median or number (range or %).
b
Calculated from self-reported condom use [reported on a semiquantitative scale ranging from 0 (never use) to 5 (always use)] and weekly
client numbers, assuming 30% HIV prevalence in male clients. In
cases, this number was calculated for the year prior to the first
seropositive date; in controls, for the year prior to the date most
closely matching the cases’ duration of follow-up.
c
Ksh: Kenyan shilling (1 USD  70 Ksh).
d
Alcohol use was reported on a semiquantitative scale ranging from 0
(none) to 4 (> 2 drinks/day).
MM
P  0.01 for comparison between groups (Mantel–Haenszel cluster
analysis).

0.19, 95% CI, 0.06–0.57; P ¼ 0.003; Fig. 1]. As each of
clade A and clade C neutralizing activity was independently associated with reduced HIV acquisition,

Fig. 1. Frequency of HIV-neutralizing immunoglobulin A
(IgA) in the genital tract of female sex worker (FSW) cases
and controls. The y-axis indicates the percentage of cases
(hollow bar) and controls (hatched bar) with genital tract IgAneutralizing capacity against a primary HIV-1 clade A isolate
(left), a primary HIV-1 clade C isolate (center), or either the
clade A or clade C isolate (right).
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Table 2. Enrolment characteristics of Kenyan sex workers with or
without HIV-specific immune responses.
Neutralizing
IgA
(n ¼ 83)a

No neutralizing
IgA
(n ¼ 30)a

(a) Associations of HIV-neutralizing IgA (either clade A or clade C)
Age (years)
29 (18–48)
27 (19–51)
Age at first sex (years)
16 (12–23)
16 (11–27)
Duration of prostitution (years)
4 (0–24)
4 (1–14)
99.5 (1–975)
127 (4–468)
Estimated HIV exposures
(past year)b
100 (10–500)
50 (10–500)
Charge for sex (Ksh)c
Women with regular partner
42 (51%)
14 (47%)
Work from own home
49 (59%)
20 (67%)
Practice vaginal douching
57 (69%)
22 (73%)
Hormonal contraception
28 (34%)
12 (40%)
Ever practice sex during menses
15 (18%)
9 (30%)
Ever practice anal intercourse
14 (17%)
3 (10%)
HSV2 seropositive
50/76 (66%)
25/29 (86%)MM
Neisseria gonorrhoeae
7 (8%)
5 (17%)
Syphilis
4 (5%)
4 (13%)
d
1 (0–4)
2 (0–4)
Alcohol intake

ELISPOT
positive
(n ¼ 39)a

ELISPOT
negative
(n ¼ 59)a

(b) Associations of HIV-specific IFNg ELISPOT
Age (years)
32 (20–51)
27
Age at first sex (years)
16 (12–25)
16
Duration of prostitution (years)
5 (1–24)
3
Estimated HIV exposures
97.5 (1–764)
117
b
(past year)
50 (10–400) 100
Charge for sex (Ksh)c
Women with regular partner
21 (54%)
26
Work from own home
34 (87%)
46
Practice vaginal douching
10 (26%)
18
Hormonal contraception
15 (38%)
20
Ever practice sex during menses
8 (21%)
14
Ever practice anal intercourse
8 (21%)
7
HSV2 seropositive
24/36 (67%)
43/54
Neisseria gonorrhoeae
4 (10%)
6
Syphilis
4 (10%)
4
2 (0–4)
2
Alcohol intaked

Proliferation
positive
(n ¼ 29)a

(18–45)MM
(11–27)
(0–22)MM
(3–975)
(10–500)
(44%)
(78%)
(31%)
(34%)
(24%)
(12%)
(80%)
(10%)
(7%)
(0–4)

Proliferation
negative
(n ¼ 58)a

(c) Associations of HIV-specific proliferation
Age (years)
31 (18–40)
29 (18–51)
Age at first sex (years)
17 (12–27)
16 (11–25)
Duration of prostitution (years)
3 (1–20)
4.5 (0–24)
78 (1–780)
117 (3–975)
Estimated HIV exposures
(past year)b
Charge for sex (Ksh)c
100 (20–300) 100 (10–500)
Women with regular partner
19 (66%)
25 (43%)
Work from own home
25 (86%)
44 (76%)
Practice vaginal douching
20 (69%)
40 (69%)
Hormonal contraception
12 (41%)
19 (33%)
Ever practice sex during menses
6 (21%)
12 (21%)
Ever practice anal intercourse
5 (17%)
9 (16%)
HSV2 seropositive
19/27 (70%)
39/53 (74%)
Neisseria gonorrhoeae
4 (14%)
5 (9%)
Syphilis
2 (7%)
3 (5%)
0 (0–4)
3 (0–4)
Alcohol intaked
HSV2, herpes simplex virus type 2; IgA, immunoglobulin A.
a
Median or number (range or %)

subsequent analyses defined HIV-neutralizing IgA as the
neutralization of either clade A, clade C, or both.
HIV-neutralizing IgA was not associated with level of
recent HIVexposure or several other demographic factors
(Table 2a). HSV2 infection was associated with reduced
HIV-neutralizing IgA (25/29 FSWs without neutralizing
IgA were HSV2 infected vs. 50/76 with neutralizing IgA;
LR ¼ 4.7; P ¼ 0.03). When, however, analysis was
restricted to HSV2-infected FSWs, HIV-neutralizing
IgA remained strongly associated with reduced HIV
acquisition (MHOR estimate, 0.25, 95% CI, 0.08–0.79;
P ¼ 0.02). There were no differences between case and
control groups in the total level of CVS IgA [median 10.3
vs. 9.1 mg/ml, respectively (range 1–54 vs. 1–58, respectively)], and the lowest concentration able to neutralize
either clade A or clade C virus was 1 mg/ml (data not
shown).

HIV-specific cellular immune responses
HIV-specific IFNg ELISPOT assays were performed
when enrolment PBMC samples were available (N ¼ 98/
113, 87%) and proliferation assays when sufficient cells
remained after the ELISPOT (N ¼ 87/113, 77%). HIVspecific IFNg responses were detected in 39/98
participants (40%), but the frequency did not differ
between cases and controls (7/24, 43% vs. 32/74, 29%;
MHOR estimate, 0.51; 95% CI, 0.17–1.58; P ¼ 0.2;
Fig. 2). Adjusting the cutoff for a positive ELISPOT assay
to 50 SFU/million or 100 SFU/million PBMCs reduced
the frequency of positive assays, but there remained no
association with HIV acquisition status (data not shown).
HIV-specific proliferation was detected in 29/87
participants (33%) at enrolment and was more common
in controls [27/71, 38% vs. 2/16, 12.5% for observed data
only; P ¼ 0.002 (Fig. 2); 34.0 vs. 13.2% for observed and
imputed data; P ¼ 0.005 (conditional logistic regression);
OR, 5.65; 95% CI, 1.37–33.33]. An increased age and
prior duration of sex work were associated with HIVspecific IFNg ELISPOT but not proliferative responses
(Table 2b and c). Neither HIV-specific ELISPOT nor
proliferation responses were associated with HIVneutralizing IgA. The detection of both HIV-neutralizing
IgA and HIV-specific proliferation within the same
participant was associated with reductions in HIV
acquisition that were at least additive: HIV was acquired
by 8/17 (47%) of FSWs with neither response, 7/46
Table 2. (Continued ).
b
Calculated from self-reported condom use [reported on a semiquantitative scale ranging from 0 (never use) to 5 (always use)] and weekly
client numbers, assuming 30% HIV prevalence in male clients. In
cases, this number was calculated for the year prior to the first
seropositive date; in controls, for the year prior to the date most
closely matching the cases’ duration of follow-up.
c
Ksh: Kenyan shilling (1 USD  70 Ksh).
d
Alcohol use was reported on a semiquantitative scale ranging from
0 (none) to 4 (> 2 drinks/day).
P  0.01 for comparison between groups (Mantel–Haenszel cluster
analysis).
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OR 0.17; P ¼ 0.05), and alcohol intake (adjusted OR per
unit, 1.77; P ¼ 0.03).

Fig. 2. Frequency of HIV-specific cellular immune responses
in the blood of female sex worker (FSW) cases and controls.
The y-axis indicates the percentage of cases (hollow bar) and
controls (hatched bar) with a positive HIV-specific IFNg
ELISPOT assay (left) or HIV-specific proliferative response
(right).

(15%) of FSWs with either response, and 1/24 (4%) of
FSWs with both responses present at enrolment
(LR ¼ 12.0; P ¼ 0.002; Fig. 3).

Multivariable associations of HIV acquisition
Matched conditional logistic regression was performed
incorporating all variables associated with HIVacquisition
in univariate analysis (P  0.05): higher alcohol intake,
HIV-neutralizing IgA activity, and HIV-specific cellular
proliferation. HIV acquisition remained independently
associated with HIV-neutralizing genital IgA (adjusted
OR, 0.22; P ¼ 0.01), HIV-specific proliferation (adjusted

Fig. 3. Association of combined immunoglobulin A (IgA) and
proliferative immune responses with HIV acquisition in cases
and controls. The y-axis indicates the proportion of female sex
workers (FSWs) acquiring HIV with neither a neutralizing IgA
nor an HIV-specific proliferative response (left), either a
neutralizing IgA or an HIV-specific proliferative response
(centre), both a neutralizing IgA and an HIV-specific proliferative response (right).

Multivariable analysis was complicated by the fact that all
HIV seroconverters were HSV2 infected, making HSV2
serostatus the strongest predictor of HIV acquisition. We,
therefore, constructed a similar stepwise multivariable
conditional logistic regression analysis model, with analysis
restricted to HSV2 seropositive participants. Restriction of
the multivariable analysis to HSV2-infected participants
did not change the strength of the associations (i.e., the OR
remained constant), but statistical significance was reduced
(HIV-neutralizing genital IgA, adjusted OR, 0.30, P ¼ 0.1;
HIV-specific proliferation, adjusted OR, 0.1, P ¼ 0.1;
alcohol intake, adjusted OR per unit, 2.35, P ¼ 0.1), likely
due to reduced numbers.

Discussion
The correlates of natural immune protection against HIV
– if such immunity exists – remain poorly understood.
Several potential immune defenses have been described in
HEPS individuals, including HIV-specific CD8þ and
CD4þ T cells [16], CD8þ antiviral factor(s) [33], and
IgA that can neutralize HIV or block epithelial
transcytosis [17,18]. We have now demonstrated an
independent association between reduced HIV acquisition and the prior detection of both genital HIVneutralizing IgA and HIV-specific cellular proliferation.
Interestingly, HIV acquisition was least common in those
participants with both immune responses present at
baseline, suggesting a possible additive effect of humoral
and cellular immunity. HIV-specific IFNg ELISPOT
responses, demonstrated in prior studies to be mediated
by CD8þ T cells [16,29], were also common but not
associated with differences in HIV acquisition. Importantly, this study was nested within a large prospective
clinical trial [23], and all immune assays were performed
in a blinded fashion. To avoid allocation bias, predefined
assay protocols and positive cutoffs were used for the IgA
[24] and ELISPOT [29] assays. The proliferation assays
were a variation of prior methods [34] adapted to permit
the use of the same cells from the ELISPOT assays. These
data are, therefore, substantially more robust than those
generated in earlier, less rigorously controlled studies.
HIV-neutralizing activity was more common against the
clade C than clade A primary isolate in our assay system,
although the latter clade predominates in Kenya
[28,35,36]. Different primary isolates, however, vary
considerably in their neutralization sensitivity. Thus, a
much broader panel of clade A and clade C isolates would
need to be tested before firm conclusions could be drawn
regarding clade specificity. Neutralization of both clades
A and C was seen in genital IgA fractions from several
participants, in keeping with our previous findings [17].
Further work is needed to demonstrate whether this
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activity was mediated by a single cross-reactive IgA
antibody clone or the presence of various antibodies, each
preferentially recognizing different clades. Mapping the
epitope specificity of these genital HIV-neutralizing IgAs
will also be important, because such monoclonal
antibodies could hold promise as vaccine and/or
microbicide candidates. The concentration of total
IgA in the mucosal samples was low and the HIVspecific IgA is most likely only a small fraction of this total
IgA content. The HIV-neutralizing assay may thus be
more sensitive than HIV-specific IgA-binding assays. This
may partly explain the controversies regarding the lack of
detectable mucosal IgA in binding assays as opposed to
detection of HIV-neutralizing IgA in exposed uninfected
individuals (reviewed in [37]).
Although rigorous, there are limitations of our study
format that merit discussion. First, IgA and cellular
immune assays were only performed at a single baseline
time point, as CVS was only collected at enrolment. This
is relevant, because several FSWs with HIV-neutralizing
IgA and/or HIV-specific cellular immune responses did
go on to acquire HIV; conversely, several high-risk FSWs
without these responses did not acquire HIV. We could
not elucidate whether infection occurred despite
persistent immune responses in the former group or
whether HIV-specific immunity waned prior to HIV
acquisition [38]. The latter would imply a need for regular
immune ‘boosting’ of HIV-specific responses or perhaps
that responses were only protective against certain HIV
strains; although the former would suggest that infection
may still occur, despite such responses, perhaps if the
challenge dose of HIV exceeds an undefined infection
threshold. Likewise, IgA or cellular immune responses
could have developed later in participants without
responses at baseline, but who did not go on to acquire
HIV. Despite suggestions that the maintenance of HEPS
HIV-specific IgA and CD8þ T-cell responses require
boosting by ongoing HIV exposure [22,38–40], we did
not see any association with levels of recent HIVexposure.
It must be emphasized that we can only demonstrate an
association between immune responses and HIV protection in an observational cohort study and cannot prove
causation. Although IgA and/or cellular immune responses
may be protective, it is also possible that HIV exposure
without infection secondarily induces HIV-specific
immunity, and that protection is mediated by (an)other
factor(s). The only way to demonstrate causality would be
to randomly induce the putative protective response, and
only it, within a randomized, controlled experimental
system and to examine the effect on HIV incidence.
As sexual HIV transmission involves two or more sexual
partners, one of whom is HIV infected, it is a weakness
that the infected partner – that is, the male FSW client
responsible for transmission or exposure without transmission – was not available for study. It is possible that

unknown factors within this partner, either viral or host,
may have promoted the induction of immunity in their
female partner(s) rather than HIV transmission. Such
factors could include HLA mismatching, genital tract
viral load and coinfection status, host immune responses,
and many other factors [41]. The fact that FSWs had so
many sexual partners, however, may also be seen as an
advantage, as this means that such partner-specific factors
were ‘averaged out’ across clients.
STIs, particularly HSV2, but also gonorrhea and others,
have been implicated in HIV susceptibility. HSV2 was most
strongly associated with HIV acquisition in this study and
also with a reduction in the frequency of genitalneutralizing IgA (but not systemic cellular responses).
No differences in IgA concentration, however, were seen
between the HSV2-positive group as compared with the
HSV2-negative group (data not shown). HSV2 infection
might have interfered with the induction of HIVneutralizing IgA through alterations in the genital immune
milieu or host factors impairing IgA responses might have
enhanced susceptibility to both HIV and HSV2; alternatively, other factors may have both impaired IgA
responses and increased HIV susceptibility. Regardless,
the strength of the associations between neutralizing IgA
and reduced HIV acquisition remained unchanged in the
subgroup of HSV2-infected FSWs, although statistical
significance was lost due to reduced statistical power.
In summary, IgA with an ability to neutralize either clade A
and clade C HIV was frequently detected in the genital
tract of high-risk FSWs, as were T cells producing IFNg
and/or proliferating in response to HIV peptides. Of these,
neutralizing-IgA and HIV-specific proliferation were
independently, prospectively associated with reduced
sexual acquisition of HIV. The induction of these responses
may be an important intermediate goal for HIV vaccines.
The effect of HSV2 infection on the efficacy of IgA-based
vaccines will need to be studied carefully.
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