
VIROLOGY

Genital Tract Viral Load in HIV Type 1-Positive Women
Correlates with Specific Cytokine Levels
in Cervical-Vaginal Secretions But Is Not

a Determinant of Infectious Virus or Anti-HIV Activity
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Abstract

As the AIDS epidemic continues with women being disproportionately affected, it is crucial to understand
factors that predict the risk of heterosexual HIV-1 transmission. We investigated whether genital tract viral load
(GTVL) in cervical-vaginal lavages (CVL) from HIV-1-positive women with moderately low CD4 T cell counts
correlates with cytokine levels, antimicrobial concentrations, and intrinsic anti-HIV activity. CVL were collected
from 19 HIV-1-positive women with moderately low CD4 T cell counts [mean 381 cells/mm3 (227–536 cells/
mm3)]. None of the women was on antiretroviral therapy. The women were categorized into those with de-
tectable GTVL or those with undetectable GTVL (detectable GTVL RNA levels > 400 copies/ml). Women were
also categorized according to bacterial vaginosis (BV) status irrespective of GTVL. The TZM-bl assay was used to
determine the presence of infectious virus and anti-HIV activity. Significantly higher levels of RANTES, Eotaxin,
Fractalkine, IL-1a, IL-6, MCP-1, MIP1b, MIP1a, TNF-a, and GM-CSF were observed in women with detectable
GTVL compared to women with undetectable GTVL. No significant differences were observed in the following
cytokines and chemokines: G-CSF, IL-1RA, IL-8, and IP-10. GTVL did not correlate either with antimicrobials
known to have anti-HIV activity or with the presence of infectious virus. BV status did not have a significant
effect on anti-HIV activity. These findings further our understanding of the role of GTVL in determining the
cytokine and chemokine milieu in the female reproductive tract.

Introduction

HIV is one of the leading cause of death and disease
among women of reproductive age (15–49 years)

worldwide.1 Genital tract shedding of HIV type 1 (HIV-1) in
women increases the risk of heterosexual and mother-to-child
transmission.2,3 Factors that increase genital tract HIV-1
shedding and the risk of HIV-1 transmission include genital
coinfections,4–6 hormonal contraceptive use,7 pregnancy,4,8

and CD4 T cell count.9 Several studies have shown that
plasma viral load (PVL) is an important predictor of HIV-1
RNA in genital tract secretions.5,10–13 However, a longitudinal
study assessing genital tract HIV-1 RNA shedding in women
on highly active antiretroviral therapy (HAART) indicated
that over half the women at some time point had HIV-1 RNA
present in their genital tract secretions although PVL was
undetectable.14 Therefore, the risk of HIV-1 transmission may

still exist in women with undetectable PVL and detectable
genital tract viral load (GTVL). The actual percent of infec-
tious HIV-1 in genital tract secretions from HIV-1-positive
women is unknown and varies from one individual to the
next. In a recent study, we reported that in 32 HIV-1-positive
women, with a mean CD4 T cell count of 713 cells/mm3, only
10% had infectious virus in their cervical-vaginal secretions
irrespective of PVL or GTVL.15 This finding may explain why
over 99% of unprotected sexual exposures to HIV do not re-
sult in infection,16 and the transmission rate of HIV-1 per
coital act between discordant heterosexual couples is rela-
tively low.17–19

Female reproductive tract (FRT) cells produce and secrete a
spectrum of cytokines, chemokines, and antimicrobials that
inhibit the growth and/or infection by reproductive tract
pathogens such as HIV-1, Neisseria gonorrheae, and Candida
albicans.20 These antimicrobials include alpha/beta defensins,
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lactoferrin, secretory leukocyte protease inhibitor (SLPI),
trappin-2/elafin, and MIP3a,20,21 all of which have been
shown to inhibit HIV-1 infection of target cells through mul-
tiple mechanisms.17,22–24 Elevated trappin-2/elafin levels
have also been found in genital tract secretions of a cohort of
HIV-1-resistant Kenyan sex workers.25

The purpose of the current study was to determine whether
the levels of various cytokines and antimicrobials in cervical-
vaginal lavages (CVL) from HIV-1-positive women, with
moderately low CD4 T cell counts, correlate with GTVL. As a
part of these studies, we assessed whether GTVL was asso-
ciated with infectious virus and anti-HIV activity in genital
tract secretions and observed that CVL from HIV-1-positive
women with detectable GTVL contained higher levels of
specific cytokines compared to CVL with undetectable GTVL.

Materials and Methods

CVL collection from HIV + women

CVL were collected from 19 HIV + participants as part of an
observational study on genital tract HIV shedding in women.
The study was approved by the Miriam Hospital Institutional
Review Board (Brown University, Providence, RI). All 19
HIV + participants provided written informed consent for the
collection of samples and subsequent analysis. The median
age of the women was 35 years (range 21–50) and none was on
antiretroviral (ARV) therapy. Enrollment criteria included a
normal menstrual history and CD4 T cell counts above 200
cells/mm3 [mean 381 cells/mm3 (range 227–536 cells/mm3)].
Women were excluded if they were on hormonal contracep-
tives, had douched, used any vaginal products, or had sexual
intercourse during the 48 h prior to CVL collection. Women
were tested for genital tract infections including bacterial
vaginosis (BV), Trichomonas vaginalis, Neisseria gonorrhea,
Chlamydia trachomatis, and Candida albicans. BV was diagnosed
based on the Amsel’s criteria.26 CVL were collected by in-
stilling 10 ml of normal saline into the vaginal cavity with the
stream directed toward the external os of the cervix. The fluid
was allowed to pool in the posterior fornix, and then aspi-
rated. Secretions were centrifuged at 10,000 · g for 5 min to
separate out the cellular fraction and the supernatants were
stored in aliquots in a - 80�C freezer until use.

Genital and plasma HIV-1 load measurements

Nucleic acid sequence-based amplification (bioMérieux,
Durham, NC) was used to measure HIV-1 RNA. All results
are expressed as copies per milliliter with a lower limit of
detection of 2.6 log10 (400) copies/ml for both plasma and
CVL. Women were categorized into those with detectable
GTVL (n = 10) and those with undetectable GTVL (n = 9).
Semen in CVL fluid was assessed by the Abacus Diagnostic
OneStep ABA card P30 test (Abacus Diagnostics, West
Hills, CA).

Measurement of cytokines/chemokines
and antimicrobial levels in CVL

Cytokines and chemokines measured in this study in-
cluded Regulated upon Activation, Normal T-cell Expressed,
and Secreted (RANTES), Eotaxin, Fractalkine, interleukin
(IL)-1a, IL-6, monocyte chemotactic protein-1 (MCP-1), mac-
rophage inflammatory protein-1 (MIP-1b), MIP-1a, tumor

necrosis factor (TNF)-a, granulocyte macrophage colony-
stimulating factor (GM-CSF), granulocyte colony-stimulating
factor (G-CSF), IL-1 receptor antagonist (RA), IL-8, and in-
terferon gamma-induced protein (IP)-10. Cytokines and che-
mokines were analyzed in CVL using multiplex cytokine bead
technology (Luminex; Bio-Rad, Hercules, CA). Due to the
limitation of CVL availability, five CVL with detectable GTVL
and seven CVL with undetectable GTVL were measured for
14 cytokines and chemokines. Luminex assays were per-
formed in a 96-well filtration plate (Millipore, Billerica, MA).
To each well, 5000 beads coated with antibody to each cyto-
kine or chemokine were mixed with either a standard, sample,
spiked control or blank in a final volume of 100 ll and incu-
bated for 30 min with continuous shaking at room tempera-
ture. After washing the beads three times, biotinylated
antibodies were added for 30 min with shaking. Beads were
again washed three times and streptavidin–phycoerythrin
was added for 10 min. After further washes, the fluorescence
intensity of the beads was measured using the Bio-Plex array
reader, and Bio-Plex Manager software with five-parametric-
curve fitting was used for data analysis. We also measured
four antimicrobials with known anti-HIV activity using ELI-
SA assays in 19 CVL. These antimicrobials were human b-
defensin-2 (HBD2), secretory leukocyte protease inhibitor
(SLPI), MIP-3a, and trappin-2/elafin. HBD2 was assayed with
an ELISA test kit from PeproTech (Rocky Hill, NJ) according
to the manufacturer’s protocol. SLPI, MIP-3a and trappin-2/
elafin were assayed with an ELISA quantikine kit or ELISA
Duoset kit from R&D Systems (Minneapolis, MN) according
to the manufacturer’s protocol. HBD2, SLPI, MIP-3a, and
trappin-2/elafin were quantified based on standard curves
obtained using an ELISA reader (Dynex, Chantilly, VA).

HIV viral stocks

Laboratory-adapted viral strains HIV-1 IIIB (X4) and BaL
(R5) stocks were propagated in PHA-stimulated human
PBMCs and stored frozen at - 80�C. These were kindly do-
nated by Dr. P. Gupta (University of Pittsburgh, PA).

TZM-bl assay for HIV-1 infection: assessment
of presence of infectious HIV-1 and intrinsic
anti-HIV-1 activity

The TZM-bl indicator cell line is a HeLa cell derivative that
expresses high levels of CD4, CCR5, and CXCR4.27 Cells
contain HIV long terminal repeat (LTR)-driven b-galactosi-
dase and firefly luciferase reporter cassettes that are activated
by HIV infection and subsequent Tat protein expression.
TZM-bl cells were routinely subcultured every 3 to 4 days by
trypsinization and maintained in TZM-bl media consisting of
phenol red-free DMEM (Invitrogen Life Technologies, Carls-
bad, CA) supplemented with 10% defined FBS (HyClone,
Logan, UT), 2 mM l-glutamine (Invitrogen Life Technologies,
Carlsbad, CA), and 50 lg/ml primocin (Invivogen, San Diego,
CA). To measure infectious virus, CVL samples were diluted
1:4 in TZM-bl media prior to 100 ll being added to TZM-bl
cells for 48 h at 37�C in 5% CO2. Luciferase activity was
measured following the manufacturer’s instructions. Briefly,
following aspiration of supernatants, a beta-glo luciferase
substrate (Promega, Madison, WI) solution (100 ll) was added
to cells. The light intensity of each well was measured using a
luminometer. Background luminescence was determined by
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analyzing uninfected TZM-bl cells. All infectivity assays were
performed in quadruplicate. Media diluted CVL had neutral
pH values (pH 7.0–7.2). Viability of TZM-bl cells upon treat-
ment with CVL was quantified using the CellTiter Aqueous
One Solution Cell Proliferation Assay (Promega) according to
the manufacturer’s instructions. Briefly, reagent was added
directly to cell cultures and incubated for 30 min at 37�C fol-
lowed by reading the plate in a plate reader at OD 490 nm.

CVL were diluted 1:4 and incubated with HIV-1 IIIB and
BaL at a multiplicity of infection (MOI) of 1.0 for 1 h at 37�C
prior to adding to TZM-bl indicator cells. Following incuba-
tion, media was aspirated from TZM-bl cells and the virus
plus CVL mixture (100 ll) was added to the cells along with
100 ll of TZM-bl media. Positive controls included incubation
of TZM-bl with virus alone. For negative controls we used
cells treated with CVL alone and cells incubated in media
alone. Luciferase activity was measured as described above.
Uninfected cells were used to determine background lumi-
nescence and data were expressed in relative light units
(RLU).

Statistical analysis

Data were analyzed using a two-tailed unpaired t test for
all the comparisons between CVL with detectable GTVL and
CVL with undetectable GTVL. Mean and standard error were
calculated for all data sets. This was performed using
GraphPad InStat version 3.0a (GraphPad Software, San Die-
go, CA). A p value of < 0.05 was taken as indicative of sta-
tistical significance.

Results

Higher cytokine and chemokine levels in CVL
with detectable GTVL compared to CVL
with undetectable GTVL

Table 1 shows the patient demographics of HIV + women
indicating race, age, PVL, GTVL, CD4 T cell counts, and BV
status. CD4 T cell count was not associated with detectable
GTVL and there was no association between PVL and de-
tectable GTVL (data not shown). To determine whether cy-
tokine and chemokine levels in CVL are altered in women
with detectable GTVL compared to women with undetectable
GTVL, we compared levels of 14 different cytokines and
chemokines. Owing to the limitation of CVL availability we
assessed 12 out of the 19 CVL samples. As seen in Table 2,
CVL from HIV + women with detectable GTVL (n = 5) had
significantly higher levels of RANTES, Eotaxin, Fractalkine,
IL-1a, IL-6, MCP-1, MIP-1b, MIP-1a, TNF-a, and GM-CSF
compared to CVL with undetectable GTVL (n = 7). Interest-
ingly, we found no significant difference between the levels of
G-CSF, IL-1RA, IL-8, and IP-10 in CVL with detectable GTVL
compared to CVL with undetectable GTVL. This suggests that
an increase in specific proinflammatory cytokines and che-
mokines is associated with HIV-1 shedding in the genital
tract.

CVL with both undetectable and detectable GTVL
contain multiple antimicrobials

CVL contain more than 20 endogenous antimicrobials,
some of which have known direct or indirect anti-HIV activ-
ity.17,22,28–30 To determine whether GTVL has an effect on

antimicrobials with known anti-HIV activity, we measured
concentrations of HBD2, SLPI, MIP-3a, and trappin-2/elafin
in CVL with detectable and undetectable GTVL. For the
purpose of this study we specifically examined HBD2, SLPI,
MIP-3a, and trappin-2/elafin as a group of antimicrobials

Table 1. HIV-1 Patient Demographics Stratified

According to Detectable or Undetectable

Genital Track Viral Load

Patient # Race Age PVL GTVL
CD4
count

BV
Status

1 B 41 3,500 < 400 353 Neg
2 W 42 250,000 < 400 428 Neg
3 H 21 4,100 < 400 448 Pos
4 H 43 3,800 < 400 470 Pos
5 W 32 34,000 < 400 510 Pos
6 B 50 8,900 < 400 393 Pos
7 H 34 3,300 < 400 371 Pos
8 B 42 1,800 < 400 490 Pos
9 B 47 2,200 < 400 432 ND

10 W 30 1,700 78,000 536 Neg
11 H 35 31,000 600 242 Neg
12 A 32 8,051 13,000 302 Neg
13 B 31 35,000 10,000 263 Pos
14 W 26 3,100 2,900 486 Neg
15 W 29 650,000 17,000 227 Pos
16 B 25 400 960 264 Neg
17 B 42 13,000 170,000 308 Pos
18 B 43 5,200 1,100 480 Pos
19 H 40 56,000 14,000 228 Pos

Patients self-identified themselves by race as Asian (A), Black (B),
Hispanic (H) or White (W). The lower limit of viral load detection
was 400 copies/ml. Indicated is the plasma viral RNA load (PVL),
genital tract viral RNA load (GTVL), and CD4 counts (cells/mm3).

Table 2. Analysis of Cytokines/Chemokines

in Cervical-Vaginal Lavages with Detectable

or Undetectable Genital Track Viral Load

Cytokine/
chemokine

Detectable GTVL
N = 5

pg/ml – SEM

Undetectable GTVL
N = 7

pg/ml – SEM p-value

RANTES 101 – 37 23 – 3 0.02
Eotaxin 163 – 68 23 – 11 0.03
Fractalkine 1015 – 369 220 – 34 0.02
IL-1a 3421 – 1259 451 – 234 0.02
IL-6 111 – 27 39 – 15 0.03
MCP-1 511 – 193 116 – 45 0.04
MIP-1b 321 – 124 59 – 15 0.03
MIP-1a 151 – 61 6 – 3 0.02
TNF-a 66 – 27 4 – 1 0.02
GM-CSF 41 – 15 4 – 2 0.02
G-CSF 550 – 486 669 – 263 0.85
IL-1Ra 75,054 – 23,209 158,500 – 39,552 0.07
IL-8 2,476 – 1,032 6,047 – 1,352 0.06
IP-10 2,527 – 1,619 16,461 – 7,870 0.07

Significant increases in levels of several cytokines/chemokines
were measured in CVL with detectable GTVL compared to those
with undetectable GTVL. Cytokines/chemokines were measured
as described in Materials and Methods. The p-values were calcu-
lated using a two-tailed unpaired t test and a p-value < 0.05 was
considered significant.
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with known anti-HIV activity, although there are other che-
mokines such as RANTES, MIP-1b, and MIP-1a with known
anti-HIV activity present in CVL (see Table 2).

Table 3 shows that CVL with both detectable and unde-
tectable GTVL contained all the antimicrobials measured. In
contrast to cytokines and chemokines measured in Table 2,
there was no significant difference between levels of HBD2,
SLPI, MIP-3a, and trappin-2/elafin in CVL with detectable
GTVL compared to CVL with undetectable GTVL. When we
stratified the women according to BV status irrespective of
GTVL, the levels of HBD2, SLPI, and trappin-2/elafin in CVL
from BV + women tended to be lower than that seen in CVL
from BV - women but were not statistically significant (Table
4). Due to a limitation in CVL samples we could not make
comparisons of other cytokines or chemokines in CVL from
BV + women to CVL from BV - women.

Absence of infectious HIV-1 and intrinsic anti-HIV
activity in CVL with detectable GTVL
or undetectable GTVL

We did not detect any infectious HIV-1 virus in any of the
19 CVL samples analyzed (Fig. 1). Despite the presence of
HIV-1 RNA in the genital tract, no infectious virus was found
in this limited cohort of women. Previously, we observed
intrinsic anti-HIV activity in CVL from relatively healthy
HIV-positive women (CD4 > 500).15 To determine whether
our cohort of HIV + women with moderately low CD4 T cell
counts also had anti-HIV activity we tested CVL against HIV

IIIB (X4-tropic) and BaL (R5-tropic) using TZM-bl cells. CVL
were incubated with either IIIB or BaL HIV-1 virus at an MOI
of 1.0 for 1 h at 37�C prior to the measurement of HIV-1 in-
fectivity of TZM-bl cells. Figure 2 shows that CVL, irrespec-
tive of whether they had detectable or undetectable GTVL,
had no anti-HIV activity. This lack of anti-HIV activity in CVL
was observed with both IIIB and BaL HIV-1 virus. CVL from
our cohort of HIV + women with moderately low CD4 T cell
counts lacked intrinsic anti-HIV activity. Despite the presence
of BV in some women, infectious virus was not recovered and
anti-HIV activity was not found.31–35

Discussion

Our study of HIV + women with moderately low CD4 T cell
counts shows that GTVL correlated with an increase in spe-
cific cytokines and chemokines. We did not recover infectious
virus and did not detect any anti-HIV activity in both CVL
with detectable and undetectable GTVL. To delineate whether
the absence of infectious HIV-1 virus or anti-HIV activity was
associated with alterations in antimicrobial levels (HBD2,
SLPI, MIP-3a, and trappin-2/elafin), we measured the anti-
microbials in all 19 CVL samples. We observed that both CVL
with detectable and undetectable GTVL contained all four
antimicrobials with no significant differences seen between
the groups.

Our study examined the differences in cytokine and che-
mokine levels between CVL with detectable and undetectable

Table 3. Analysis of Antimicrobials

in Cervical-Vaginal Lavages with Detectable

or Undetectable Genital Track Viral Load

Antimicrobial

Detectable GTVL
N = 10

pg/ml – SEM

Undetectable GTVL
N = 9

pg/ml – SEM

HBD2 206,481 – 44,286 213,758 – 81,381
SLPI 54,091 – 10,490 54,996 – 11,559
MIP-3a 204 – 94 230 – 188
Trappin-2/elafin 22,178 – 2,958 22,287 – 2,829

No significant differences were found in levels of antimicrobials in
HIV + women with detectable GTVL or undetectable GTVL. Levels
of antimicrobials were measured as described In Materials and
Methods.

Table 4. Analysis of Antimicrobials in Bacterial

Vaginosis (BV)-Negative and BV-Positive

Cervical-Vaginal Lavages

Antimicrobial

CVL from BV -

women
pg/ml – SEM

CVL from BV +

women
pg/ml – SEM p-value

HBD2 252,642 – 60,765 124,132 – 41,823 0.09
SLPI 71,340 – 11,515 40,544 – 8,992 0.05
MIP-3a 204 – 128 208.9 – 154 0.83
Trappin-2/elafin 25,388 – 3,027 20,019 – 2,781 0.22

Antimicrobial levels measured in CVL from BV-positive women are
lower than in CVL from BV-negative women although not statistically
significant. The p-values were calculated using a two-tailed unpaired
t test and a p-value < 0.05 was considered significant.

FIG. 1. Determination of the presence of infectious HIV-1
in 19 HIV + women with detectable genital tract viral load
(GTVL RNA levels > 400 copies/ml) and undetectable
GTVL (GTVL RNA levels < 400 copies/ml). Cervical-vaginal
lavages (CVL) were diluted 1:4 and added directly to TZM-bl
cells. The assay was terminated 48 h postinfection and HIV-1
infection was quantified by measuring luciferase reporter
gene activity using a luminometer and expressed as relative
light units (RLU). Each data point in the graph represents
one individual patient. In the negative control (media only)
column and in the positive control [media + IIIB (X4-tropic)
or BaL (R5-tropic)] each point represents replicate wells.
There was no infectious HIV-1 in both detectable and un-
detectable GTVL groups.
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GTVL from HIV-1 + women with moderately low CD4 T cell
counts. We found that CVL with detectable GTVL had sig-
nificantly higher levels of RANTES, Eotaxin, Fractalkine
(CX3CL1), IL-1a, IL-6, MCP-1, MIP-1b, MIP-1a, TNF-a, and
GM-CSF. In a study carried out by Shebl at al. there was an
association between Fractalkine (CX3CL1) and elevated HIV
viral load in blood from male and female individuals.36 Lower
CD4 T cell counts were also significantly associated with
Fractalkine in the cohort Shebl at al. examined.36 These find-
ings suggest that Fractalkine levels are elevated due to an
increase in the frequency of T cells expressing CX3CR1, such
as those observed by Combadiere et al. in HIV-1 infected pa-
tients.37 The chemokines, RANTES, MIP-1b, and MIP-1a are
natural ligands for CCR5 and inhibit HIV-1 entry into target
cells.24,38,39 Our studies with HIV + women extend the find-
ings of Kaul et al. who demonstrated an increase in genital
RANTES levels and in the number of HIV susceptible target
cells present in the cervical mucosa of HIV-exposed persis-
tently seronegative women.40 In our study, RANTES, MIP-1b,
and MIP-1a may be recruiting HIV target cells seen by Kaul
et al. in the genital tract mucosa, which become infected with
HIV-1 leading to an increase in GTVL.

Our study indicates that CVL with detectable GTVL had
higher levels of the proinflammatory cytokines and chemo-
kines—IL-1a, IL-6, MCP-1, TNF-a, and GM-CSF—than CVL
with undetectable GTVL. Further studies are needed to
determine if increases in proinflammatory cytokines and
chemokines are due to HIV-1 infection or whether they con-
tribute to elevated GTVL. These results are consistent with the
findings that IL-1a, IL-6, and TNF-a increase HIV-1 expres-
sion.41–45 TNF-a increases HIV-1 proviral transcription and

upregulates HIV replication through activation of the LTR
promoter region.46 In contrast, we did not observe significant
differences between the levels of G-CSF, IL-1RA, and IP-10 in
CVL with detectable GTVL compared to CVL with unde-
tectable GTVL. We found high levels of IL-8 in both CVL with
detectable GTVL and undetectable GTVL; we did not observe
a significant difference between these groups. In contrast to
our finding, a recent study reported that IL-8 in CVL from
HIV-1-positive women was associated with higher cervi-
covaginal HIV-1 RNA concentrations independent of genital
coinfections.47 One explanation for the differences seen is that,
unlike our study, which excluded women on antiretroviral
therapy, 54% of the women were on antiretroviral therapy in
the study reported.

Paradoxically, our studies indicate that CVL from HIV +

women contain high levels of HBD2, SLPI, MIP-3a, and
trappin-2/elafin but lack intrinsic anti-HIV activity. Pre-
viously, we showed that CVL from HIV + women with a mean
CD4 T cell count of 713 cells/mm3 contain intrinsic anti-HIV
activity and that anti-HIV activity in CVL correlated with
MIP-3a and HBD2.15 An explanation for our findings in the
present study is that our cohort consists of women with a
lower mean CD4 T cell count than those analyzed in our
earlier study. This may suggest that with disease progression,
there is an overall reduction in anti-HIV activity possibly due
to a compromised innate immune system in the FRT. Pre-
liminary studies from our laboratory indicate that even lower
CD4 T cell counts correlate with a complete loss of intrinsic
anti-HIV activity (T. Lahey and M. Ghosh, unpublished ob-
servations). In these studies, loss of intrinsic anti-HIV was
measured using the TZM-bl assay and then correlating anti-
HIV activity with antimicrobial levels in CVL samples from
different women stratified according to their CD4 T cell
counts.

In our study, since antimicrobials were present in CVL, the
absence of intrinsic anti-HIV activity may suggest that the
antimicrobials measured might not be biologically active. As
discussed elsewhere, others have found that CVL contain
cathepsins, a family of matrix metalloproteases, which may
compromise the antiprotease activity of SLPI and trappin-2/
elafin.48,49 The mechanisms by which SLPI and trappin-2/
elafin inhibit HIV-1 infection seem to be independent of their
antiprotease properties but may be related to prevention of
virus entry into target cells.49 However, disruption of the
antiprotease activity of these antimicrobials may result in a
compromised FRT mucosal immune response leading to an
increase in susceptibility to HIV-1 infection. Kallikreins
(KLK), a family of serine proteases, are also present in CVL
and can activate or deactivate immune factors in the FRT.48,50

For example, KLK5 has been shown to regulate the antimi-
crobial activity of LL37 and defensins-1a.51,52

Whether HIV infection and disease progression lead to
increases in protease activity in the FRT remains to be deter-
mined. What is clear is that analyses based on ELISA results
do not accurately reflect biological activity of antimicrobials
and as such may not reflect the level of immune protection
present in the FRT. Although we did not categorize women
according to their menstrual cycle stage, the finding that
hormonal status influences trypsin-like activity in the FRT
represents a further complexity in understanding the mech-
anisms through which the local FRT microenvironment reg-
ulates bioactivity of antimicrobials.48,50,53

FIG. 2. Measurement of anti-HIV activity in HIV + women
with detectable GTVL (GTVL RNA levels > 400 copies/ml)
and undetectable GTVL (GTVL RNA levels < 400 copies/
ml). CVL were diluted 1:4 and incubated with HIV-1 IIIB
(X4-tropic) and BaL (R5-tropic) at a multiplicity of infection
(MOI) of 1.0 for 1 h at 37�C prior to infecting TZM-bl cells.
Data points in each graph represent one individual patient.
Media was set up as negative control, and replicate wells of
virus (IIIB and BaL) were set up as positive controls.
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BV and BV-associated microflora have been associated
with increased HIV-1 RNA expression in the female genital
tract.54–56 Due to a limitation in the number of CVL samples we
were unable to determine whether there was a relationship
between BV status, cytokine/chemokine levels, and GTVL.
However, when HBD2, SLPI, MIP-3a, and trappin-2/elafin in
CVL were measured, we observed that although they did not
reach statistical significance, three out of four antimicrobials in
CVL from BV + women were lower than those in CVL from
BV- women, suggesting that BV may increase susceptibility to
HIV-1 infection. We did not detect the presence of infectious
virus in any of the 19 CVL samples. The recovery of infectious
virus from genital tract secretions is rare and there are only a
few studies that have measured infectious virus in CVL.15,31

The percentage of infectious virus in CVL from HIV + women
may be independent of the GTVL but is an important factor in
predicting heterosexual transmission of HIV-1. One of the
limitations of our study was the small sample size of HIV+

women. In a study of African serodiscordant couples that in-
cluded over 1500 HIV-1-seropositive women, Baeten et al.
found an association between high concentrations of genital
tract HIV-1 RNA and risk of HIV-1 transmission.2 Future
studies on GTVL in HIV+ women should include different
populations of HIV + women. The race and genetics of HIV +

women in a population may be important factors to consider
when evaluating concentrations of genital tract HIV-1 RNA
and the risk of heterosexual transmission.

We found that alterations in specific cytokines and che-
mokines exist in CVL with detectable GTVL compared to CVL
with undetectable GTVL indicating that GTVL is associated
with local mediators that play a role in HIV-1 infection in
women. As in previous studies, recovery of infectious virus
was poor and in our study we did not recover infectious virus
in CVL with detectable GTVL.
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