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Abstract

Indirect evidence suggests that amniotic fluid (AF) may play a role in the pathogenesis of in utero HIV-1
transmission. The purpose of this study was to evaluate the potential innate inhibitory role of AF on HIV
replication, which may contribute to protection of the fetus against intrauterine transmission. AF was collected
from term HIV-1-negative women undergoing scheduled cesarean section. The inhibitory effect of AF against
HIV-1BA-L replication was tested in vitro with or without the addition of protease inhibitor cocktail (PIC) in PHA-
stimulated PBMC cultures. Quantitative measurement of human neutrophil peptides 1-3 (HNP1-3) was per-
formed on all AF samples, using an ELISA assay. AF exhibited a dose-dependent inhibitory activity against
HIV-1BA-L replication, with all samples (n = 12) reaching significant inhibitory effect using 50% AF. In vitro, this
activity decreased over time, but was able to be sustained with the addition of PIC. The HNP1-3 concentration in
AF samples (n = 12) ranged from undetectable ( < 41 pg/ml, n = 3) to > 250,000 pg/ml with a median of 5,146 pg/ml.
AF exhibited a significant and dose-dependent innate inhibitory activity against HIV-1 replication, which was
present in all AF samples tested. This effect was prolonged in the presence of PIC, suggesting that the inhibitory
factor was in the cell-free protein fraction. The HNP1-3 concentration in AF was in the subinhibitory range for
HIV with no correlation between its concentration and the HIV-1 inhibitory activity. These data show the
presence of a significant innate inhibitory activity against HIV in AF.

Introduction

Pediatric HIV infection is a global public health chal-
lenge with an estimated 1,000 children newly infected

every day.1 Mother-to-child transmission (MTCT) can be ef-
fectively reduced to less than 2% with appropriate and timely
maternal treatment. In utero transmission of HIV2 occurs in
7–10% of untreated pregnant women3 and in the absence of
breastfeeding can contribute from 30% to 50% of perinatal
HIV infections. To date, little is known about the exact
mechanisms of in utero transmission and potential targets for
prevention.

Amniotic fluid (AF) has been implicated in in utero trans-
mission of some perinatal infections including human cyto-
megalovirus.4 Direct evidence for the role of AF in the
pathogenesis of in utero HIV transmission is limited to an
early case report of an HIV-positive woman undergoing
amniocentesis. Viral culture and p24 antigen assay performed
on AF were positive, although the authors were unable to rule
out contamination.5 Follow-up studies are scant and limited
to indirect evidence as amniocentesis is relatively contra-

indicated in HIV-positive women based on concerns for in-
creased risk of transmission.6 In the animal model,
nontraumatic inoculation of AF with animal equivalent of the
virus (SIV) can result in transmission to the fetus in the ab-
sence of maternal infection.7 HIV-1 has been isolated from the
immediate postdelivery gastric aspirate of infants with
in utero transmission of HIV8 suggesting introduction of the
virus via fetal swallowing during gestation.

Prevention of in utero transmission of HIV and other
pathogens presents a difficult challenge, partly because of the
limited knowledge of events that transpire in utero. Improved
understanding of host defense mechanisms that contribute to
HIV protection may provide knowledge on additional
methods for prevention of intrauterine transmission. Am-
niotic fluid contains components of both the innate and
adaptive immune systems. It is possible that immune factors
in AF contribute to the paradoxically low rates of in utero
transmission of HIV-1. Immunoglobulin G (IgG) is trans-
ported actively across the placenta beginning around 32
weeks of gestation.9 Amniotic fluid has been shown to contain
pathogen-specific antibodies, at higher portions relative to the
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total IgG concentration as compared to the maternal serum.10

In the developing fetus, the innate immune system is the first
line of defense in warding off bacterial and viral infections.
The nonspecific antimicrobial role of AF has been of interest
for several decades, with reports of antibacterial activity as
early as 1949,11 followed by evidence for innate antiviral ac-
tivity against herpes simplex virus-1 (HSV-1) and poliovirus-1
reported in 1977.12 The potentially protective role of AF in
in utero transmission of HIV-1 has not been investigated. This
study was undertaken to investigate the baseline innate ac-
tivity of AF from HIV-negative women against HIV-1 in vitro.

Materials and Methods

Population, collection, and processing
of amniotic fluid

Approval from University of California, Los Angeles In-
stitutional Review Board (IRB) was obtained. Following in-
formed verbal and written consent, AF was collected from
HIV-negative women at the time of scheduled cesarean de-
livery and prior to the onset of labor. All women were
HIV seronegative and had no other known infections. After
incision of the myometrium, the bulging amniotic bag was
irrigated with sterile normal saline. Amniotic fluid was col-
lected by inserting a needle while the fetus was visualized.
The sample was placed on ice to inhibit protease activity
and processed within 6 h. Amniotic fluid was spun at
200 g · 10 min to remove cells and debris. Supernatant was
aliquoted and frozen at - 70�C until batch analysis.

Reagents, cell lines, and viruses

Tissue culture medium (TCM) containing 20% fetal bovine
serum, penicillin, streptomycin, glutamine, and interleukin
(IL)-2 was used. Peripheral blood mononuclear cells (PBMCs)
were collected from healthy donors using Ficoll-Hypaque
density gradient centrifugation. PBMCs were stimulated in
tissue culture medium containing phytohemagglutinin
(PHA). Macrophage-tropic (R5) HIV-1BA-L was obtained from
the NIH AIDS Research and Reference Reagent Program
(catalog number 510). Virus stocks were generated by infect-
ing PHA-stimulated normal donor PBMCs and supernatant
stored at - 70�C in aliquots until use. Protease inhibitory
cocktail (PIC) p2714 containing AEBSF, E-64, bestatin, leu-
peptin, aprotinin, and sodium EDTA was obtained from
Sigma-Aldrich (St. Louis, MO). None of these components is
known to exhibit an inhibitory effect on HIV-1 protease ac-
tivity. A commercial human neutrophil defensin (HNP1-3)
enzyme-linked immunosorbent assay (ELISA) kit was ob-
tained from Hycult biotechnology (Uden, the Netherlands).
This kit has been developed for quantitative measurement of
human HNP1-3 in biological fluid and has previously been
used for measurement of HNP1-3 in AF. The Perkin Elmer p24
assay was used for quantitative measurement of p24 antigen
from cell culture supernatants.

Peripheral blood mononuclear cell viability

PHA-stimulated PBMCs were seeded into a 96-well culture
dish. Cell viability using the Trypan Blue exclusion test was
assessed in the presence of 10%, 20%, or 50% AF, with or
without addition of PIC. PBMCs in TCM, and in some cases
with the addition of PIC, served as a control. Cell viability was

confirmed upon completion of the experiment via gross ex-
amination of well contents and microscopic visualization to
assess cell condition and distribution. Some well contents
were reexamined using a Trypan Blue exclusion test.

In vitro HIV-1 inhibitory effect of amniotic fluid

PHA-stimulated normal PBMCs were infected with HIV-
1BA-L in TCM at a multiplicity of infection of 0.01 or 0.001
viruses/cell. As the TCID50 may differ between PBMC do-
nors, two viral dilutions were used in some assays. After
90 min, cells were washed to remove excess virus and were
placed in the 96-well plate to provide 100,000 cells per well.
AF at a concentration of 10–60%, PIC, or both were added for
a total volume of 220 ll per well. Plates were incubated at
37�C containing 5% CO2. PIC was added every 48 h to the
appropriate wells to prevent in vitro degradation of proteins
and peptides. PIC was prepared by reconstituting the ly-
ophilized powder in 10 ml of sterile normal saline and
was stored in aliquots at - 20�C [1 · PIC contains 2 mM 4-(2-
aminoethyl)benzenesulfonyl fluoride, 1 mM EDTA, 130 lM
bestatin, 1.4 lM E-64, 1 lM leupeptin, and 0.3 lM aprotinin].
PIC was added to wells at a concentration of 1:800 at the
beginning of the assay, yielding a final concentration of 1:200
after serial addition of PIC. The supernatant was collected on
day 4 of the assay (unless indicated otherwise) and frozen
until batch analysis of p24 antigen.

Quantitative ELISA measurement of HNP1-3
in amniotic fluid

HNP1-3 was quantified in AF supernatant using the ELISA
kit according to the manufacturer’s protocol. The kit has a
measurable concentration range of 41–10,000 pg/ml. Samples
were serially diluted to as much as 1:200,000 to increase de-
tection range as necessary.

Statistics and calculation methods

All p24 antigen experiments including controls were per-
formed in triplicate. Percent inhibition was calculated as
[1 – (mean p24 antigen in wells containing AF divided by the
mean p24 antigen of the corresponding control wells) · 100].
Significant HIV-1 inhibition was defined as at least 50% in-
hibition. All analysis was performed with STATA version
11.1.

Results

Patient population

Amniotic fluid samples were collected from 12 HIV-negative
women undergoing scheduled cesarean section at term
gestation. There was no history of labor, clinical chor-
ioamnionitis, or rupture of membranes prior to cesarean de-
livery. Clinical indications for scheduled cesarean section in
the order of frequency included a history of previous cesarean
delivery, macrosomic fetus, breach presentation, and at pa-
tient request. All women were considered healthy by the ob-
stetrician and underwent a standard HIV test during the
current pregnancy, confirming their seronegative status. All
pregnancies were singleton with median gestational age
at delivery of 38.8 weeks (36.9–40.7 weeks). The median
age at delivery was 37.9 years (21.6–44.2 years). Women
were of diverse ethnic background with 50% white, 42%
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Asian/Pacific Islander, and 8% African-American. Past
medical history of long-term systemic illness and infectious
disease included diabetes mellitus, asthma, and polycystic
ovarian disease. All placentas were examined by the obste-
trician in the operating room and did not exhibit gross evi-
dence of chorioamnionitis. One patient had AF collected also
at the time of amniocentesis, which was performed to assess
fetal lung maturity prior to delivery. All collected AF samples
were clear without evidence of gross blood contamination.

PBMC viability

Viability of PHA-stimulated PBMCs was assessed in the
presence of AF at various concentrations. At 72 h, there was a
cell viability of ‡ 90% in the presence of 10%, 20%, and 50%
AF, comparable to the control. Addition of PIC up to a 1:200
dilution was also comparable to control at 92%. Cells were
monitored throughout the experiment, with the gross and
microscopic appearance of the cell confluences resembling
that of the control. There was no evidence of additional
cytotoxicity as compared to control when the Trypan Blue
exclusion test was performed upon completion of the exper-
iment (data not shown).

Innate inhibitory effect of AF against HIV-1

We examined the activity of AF in inhibiting replication of
HIV-1 in an in vitro culture of PHA-stimulated PBMCs. AF
was added to the cell culture after infection of cells and re-
moval of excess virus to evaluate its role in preventing HIV
replication. To assess a possible interferon-like effect, we
pretreated the cells for 24 h with AF followed by removal of
AF with a wash and then infection of the cells. In these ex-
periments we observed only minimal activity and it was not
pursued further (data not shown). Single donor amniotic fluid
exhibited dose-dependent anti-HIV activity ranging from
12%, 33%, and 71% in the presence of 10%, 20%, and 50% AF,
respectively (data not shown). Figure 1 shows dose-dependent
activity of amniotic fluid using a pool from three different

donors at concentrations of 10–60% resulting in an inhibitory
activity ranging from 35% to 80% >

As shown in Table 1, we measured the anti-HIV activity
using 20% and 50% AF concentrations of all 12 samples. The
addition of 50% AF showed a consistent and significant in-
hibitory activity ‡ 90% as compared to controls in all samples.
At 20% AF, 6 of 13 samples exerted a significant inhibitory
with a median of 68%. Of note, both AF samples obtained
from patient 10 during amniocentesis and at the time of ce-
sarean delivery had a consistent anti-HIV activity of 63–66%
at 20% and 93–96% at 50% AF.

We then evaluated the durability of anti-HIV activity of AF
in vitro over 8 days. As seen in Fig. 2, the addition of AF at 50%
showed a consistent 90–99% (median 95%) inhibitory effect on
HIV-1 replication on day 4 of infection, which decreased to
54–91% (median 72%) by day 8.

Preservation of proteins and peptides in AF via
addition of PIC

The in vitro inhibitory effect of AF decreased from day 4 to
8. This observation suggested that the in vitro loss of activity
might be associated with potential degradation of peptides
and proteins over time. We therefore repeated the experiment
using PIC to preserve the proteins and peptides in some AF
samples. The concentration of PIC in wells was maintained at
a dilution of less than 1:200 or more dilute without significant
cytotoxic effects, based on preliminary studies (see above).
HIV-1 replication in the presence of PIC and without the ad-
dition of AF was comparable to the control, confirming the
lack of its inhibitory effect on HIV-1 aspartyl protease activity.
The activity of AF alone was compared to the addition PIC on

FIG. 1. Amniotic fluid exhibited a dose-dependent anti-
HIV-1 activity in vitro as seen on day 4 of infection. The
percent inhibitory effect against HIV-1BA-L increased in the
presence of a higher concentration of amniotic fluid (AF)
with 80% inhibitory activity in the presence of 60% AF (n = 3,
R2 = 0.78).

Table 1. Lack of Correlation of HNP1-3
Concentration with Percent Inhibitory Activity

in the Presence of 20% and 50% Amniotic Fluid

Sample
ID

GAa

(weeks)
HNP1-3
(pg/ml)

20%
AFb

50%
AFc

1 40.7 4,187 72% 93%
2 38.6 7,226 0% 91%
3 38.0 3,040 75% 90%
4 38.7 26,283 85% 99%
5 39.1 > 250,000 0% 92%
6 38.9 18,681 0% 98%
7 40.0 3,700 0% 93%
8 38.9 5,146 68% 97%
9 39.0 < 41 0% 97%
10A 36.8 < 41 66% 93%
10B 36.9 < 41 62% 96%
11 38.3 9,833 0% 98%
12 39.1 5,187 40% 97%

aGestational age (GA) at the time of delivery.
bPercent inhibitory effect of 20% amniotic fluid (AF) on day 4 of

infection.
cPercent inhibitory effect of 50% amniotic fluid on day 4 of

infection.
A total of 13 AF samples were collected from 12 women at term

(36.9–40.7 weeks). Patient 10 had two samples collected: sample A
during amniocentesis and sample B collected at the time of cesarean
section. At 20% AF, samples from half of the subjects and at 50%
samples from all subjects exhibited significant anti-HIV activity as
determined on day 4 of infection. HNP1-3 concentration was highly
variable and ranged from undetectable to > 250,000 pg/ml.
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days 4 and 8 of infection. As demonstrated in Fig. 3, with the
addition of PIC, inhibitory effect was maintained at a mean of
‡ 77% on day 4 and ‡ 68 on day 8 (n = 3). These data indicated
that anti-HIV activity of the cell-free portion of AF was pre-
served over a prolonged period via addition of PIC.

Concentration of HNP1-3 in amniotic fluid

We measured the concentration of HNP1-3 since it has both
broad antiviral and specific anti-HIV activity. As shown in
Table 1, HNP1-3 concentration ranged from undetectable
( < 41 pg/ml) to > 250,000 pg/ml with a median 5,146 pg/ml.
Anti-HIV activity in AF samples was detected in the absence
of a detectable concentration of HNP1-3. Viral inhibitory ac-
tivity did not correlate directly with HNP1-3 level. Of interest,
patient 10 with two AF samples obtained during amniocentesis

and again at the time of cesarean section had similar values in
both specimens.

Discussion

We observed a dose-dependent innate anti-HIV activity
exhibited by the cell-free portion of amniotic fluid collected
from HIV-negative women. This activity was prolonged in
the presence of protease inhibitory cocktail suggesting that
anti-HIV-1 factors might reside in the protein portion of AF.
Significant anti-HIV-1 activity was present in all AF tested in
this experiment, although there was slight variation among
samples from different women. This activity did not correlate
with HNP1-3 levels and was present even in the absence of
detectable levels of HNP1-3, suggesting additional factors
may contribute to anti-HIV-1 activity of AF.

Direct evidence for nonspecific antimicrobial activity in AF
has been available as early as 1949.11 However, the antiviral
properties of innate immune factors in AF are less well un-
derstood. In 1977, Pacsa and Pejtsik showed inhibition of HSV
and poliovirus growth using AF samples with undetectable
viral-specific IgG levels. Seven of 44 samples showed definite
antiviral activity against HSV-1, poliovirus-1, or both in a
microneutralization test. Amniotic fluid inhibited growth of
HSV-1 more effectively than poliovirus-1. Ultrafiltration of
AF samples showed that the active substance belonged to the
protein fraction of samples.12 Further investigation of innate
antiviral activity of AF has been scant over the past several
decades. Our results are consistent and for the first time ex-
tend these findings to activity against HIV-1, an important
agent among perinatally transmitted infections. Samples
in this study were collected from a cohort of HIV-negative
women, which allowed us to isolate the activity to innate
immune factors, as compared to AF from HIV-positive wo-
men where the presence of immunoglobulins and anti-
retroviral drugs in AF may also contribute to inhibition of HIV
replication.

Addition of PIC inhibits protein and peptide breakdown
and was able to prolong in vitro anti-HIV activity of AF,
supporting previous reports that the activity belongs to the
protein fraction of AF.

Recent evidence describes an abundance of antimicrobial
peptides (AMPs) in AF.13,14 Antimicrobial peptides are ef-
fector molecules of the innate immune system with the ability
to directly kill bacteria, fungi, and enveloped viruses. Several
AMPs isolated from AF are known to inhibit HIV-1 activity
in vitro, acting prior,15 at the level of viral fusion and entry,16

after binding,17 or during replication.15,18,19 It is postulated
that AMPs contribute to maintaining sterility of the fetal en-
vironment by their ubiquitous presence in AF, vernix,14 and
the cervical mucus plug.20 Current understanding of the ori-
gins of these peptides is limited but speculations include re-
lease from the fetal lungs and skin. Some of the important
peptides isolated from AF include a-defensins (HNP1-3),
lactoferrin, secretory leukocyte protease inhibitors (SLPI), ly-
sozyme, and LL-37.13,14 Since HNP1-3 are AMPs with broad
antiviral and anti-HIV activity and have a readily available
ELISA, we measured their concentration as a potential can-
didate substance to explain the antiviral activity of AF.

HNP1-3 are short cationic peptides primarily produced
in neutrophil granules. In the perinatal environment, they
are present in AF,21,22 breast milk,23 cervical mucus plug,20

FIG. 2. Percent inhibitory effect of 50% amniotic fluid de-
creased significantly from day 4 (median = 95%) to day 8
(median = 72%) of infection (n = 12). Each sample is re-
presented by a single dot with the median represented as the
straight line through each group.

FIG. 3. Percent inhibitory activity of amniotic fluid against
HIV-1BA-L decreased over time in vitro (solid line). The ac-
tivity was maintained with the addition of protease inhibitor
cocktail (PIC) (dashed line), suggesting a role for the protein
fraction of amniotic fluid.
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and vernix.14 The concentration of HNP1-3 increases signifi-
cantly in the presence of infections including sepsis24 and
intrauterine infections.21 Increasing HNP1-3 concentration in
breast milk has been associated with decreased risk of HIV
transmission among breastfed infants.23 In vitro anti-HIV ac-
tivity of HNP1-3 has been well established. HNP1-3 exhibit an
anti-HIV effect at physiologic and nontoxic concentrations (1)
in the presence of serum via target cell modification and in-
hibition of HIV-1 replication, and (2) in the absence of serum
via direct inactivation of virions.15,25 We used a quantitative
ELISA assay to measure HNP1-3 levels in AF. In a previous
study of AF from nonlaboring women collected at term ges-
tation, the HNP1-3 concentration was determined using the
same ELISA kit manufacturer. Results were comparable to
our findings and ranged from 1.31 to 42.46 ng/ml with me-
dian of 5.56 ng/ml.22 The physiologic concentration of HNP1-
3 in AF is lower in comparison to other reported specimen
including plasma from healthy donors (median 25, range
25–213 ng/ml),24 human vaginal fluid (VF) from HIV-uninfected
female sex workers (median 255, range 0.05–4658 ng/ml),26 and
cervical mucus plug collected in healthy women at the time of
labor (median 3.4lM*11,220 ng/ml).20

Concentrations of HNP1-3, which has been reported to
result in significant inhibition of HIV-1, range from 1,000 ng/
ml15 to 60 lM (*200 lg/ml).27 This inhibitory effect is highly
variable and depends on the strain of HIV, presence of serum,
and quantity of virus. We used HIV-1BA-L, a macrophage
trophic (R5) laboratory strain. In this experiment we found
significant inhibitory activity against HIV when AF was ad-
ded after infection and in the presence of serum. This suggests
that the potentially limiting role of HNP1-3 may have been
limited to target cell modification and postentry restriction of
replication. It is also possible that the detectable concentration
of HNP1-3 in AF is too low to account for its anti-HIV-1 ac-
tivity. Furthermore, this activity was also present in the ab-
sence of detectable levels of HNP1-3. Our findings suggest
that HNP1-3 is likely not responsible for innate anti-HIV-1
activity of AF in isolation.

Cole et al. reported intrinsic anti-HIV-1 activity of human
VF from healthy donors against both BAL (R5-tropic) and
IIIB (X4-tropic) HIV-1 laboratory strains. This inhibitory effect
was ablated with the removal of cationic polypeptides from
VF. Eighteen cationic polypeptides were identified in vaginal
secretion including HNP1-3, lactoferrin, and SLPI. Physiolo-
gic concentrations of 13 of the cationic polypeptides were
not active alone against HIV. However, the addition of
the entire polypeptide extract was highly restorative to the
depleted vaginal fluid, suggesting a synergistic role for
polypeptides of VF in inhibiting HIV-1 infection.28,29 Findings
by Levinson et al. support the additive effect of innate AMP
in cervicovaginal secretions. The ability of individual samples
to neutralize HIV was strongly associated with higher levels
of total innate immune factors including HNP1-3, SLPI, and
LL-37.26

AMPs can be degraded by proteases in vitro, resulting in
decrease or loss of their biological activity. In vitro protease
activity may be limited via preserving samples in cold tem-
perature ( < 4�C), as was done in this study. Protease inhibi-
tors can further prevent degradation of peptides and prolong
duration of peptide and protease activity in vitro. We selected
a PIC with broad specificity. None of its components was
known to exhibit an inhibitory effect on HIV-1 protease

activity, as was confirmed in this experiment. Addition of PIC
prolonged the inhibitory effect of AF, suggesting innate im-
mune factors with anti-HIV activity are contained in the
protein portion of AF.

Previous investigation of the role of AF in in utero trans-
mission of HIV has focused on the adaptive immune system.
Analysis of AF from HIV-1-positive women has shown the
presence of HIV-1-specific immunoglobulin G with relative
proportions of 3- to 10-fold higher than plasma when levels
were adjusted as proportions of total immunoglobulin con-
tent. Levels were variable depending on the individual subject
and the specific antigen measured (HIV-1 p24 or gp120).
Similar studies in macaques showed SIV-neutralizing anti-
body in plasma and AF.10 In a previous study, administration
of HIV hyperimmune immunoglobulin was associated with a
lack of in utero transmission in a small number of cases as
compared to infusions of intravenous immunoglobulin (IVIG)
without HIV antibody.30 Our group has examined the role of
maternal autologous neutralizing antibody (aNAB) in selec-
tive perinatal transmission of HIV-1. Mothers with detectable
aNAB were less likely to transmit HIV-1 in utero and the in-
fecting strain was more closely related to maternal aNAB es-
cape variants, suggesting neutralizing antibody is an
important immune correlate of protection from HIV-1 infec-
tion.31 In a related study, phylogenetic analysis of HIV-1
strains isolated from infants’ first gastric aspirate collected
from two mother–baby pairs with intrauterine transmission
revealed a distant genetic relatedness to maternal strains at
time of birth. This finding suggests the viral variant was po-
tentially able to access the fetal stomach earlier in pregnancy,
supporting the hypothesis of its acquisition via swallow of
infected AF.32

In the absence of antiviral treatment, approximately
90–93% of mothers do not transmit HIV in utero. Thus, in most
cases of maternal HIV infection, the maternal fetal environ-
ment including physical and immunological barriers—the
placenta, amniotic fluid, vernix, and cervical mucus plug—is
sufficient to prevent in utero acquisition.20,33 The fetal–
placental unit provides a highly specific barrier to entry of
maternal infections through the placenta.34

To our knowledge, this is the first study showing the
presence of an innate anti-HIV activity in AF from healthy
HIV-negative women. There is a paucity of information about
immunoprotective properties of AF and whether these can be
enhanced to prevent in utero transmission of infections. Nat-
ural35 or induced36 perturbations in innate immune defenses
may play a role in transmission of intrauterine HIV-1 and
other perinatal infections. In HIV-infected women the anti-
viral effects of amniotic fluid likely consist of a combination of
HIV-1-specific antibody and innate immune factors such as
we describe. Currently, we are actively looking for other
substances that may contribute to the innate antiviral activity
of AF and its potentially synergistic activity with adaptive
immune factors in AF collected from HIV-infected women.

In summary, our results are consistent with the hypothesis
that normal AF exhibits innate anti-HIV activity in vitro and
that this effect is in part contained in the protein fraction.
Although the factor/factors responsible for this activity are
not known, it is likely that an array of AMPs or other factors
may synergize to exhibit this effect and may provide the first
line of defense. A better understanding of natural and ac-
quired protective factors can aid in the development of safe
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and effective methods to prevent in utero transmission of HIV
and other perinatal infections.
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