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Measuring HIV in the Female Genital
Tract and How This Affects Sexual
and Reproductive Choices

Joseph I. Harwell, MD and Susan Cu-Uvin, MD

uring a routine office visit, a 30
D year-old Liberian immigrant asks
her doctor about her options for
child bearing. She was diagnosed with
HIV-1 infection when she came to the
United States 5 years ago, and since then,
she has begun taking antiretroviral therapy
to control her infection. Her levels of HIV-
1 as measured in blood plasma have been
suppressed to undetectable levels, <50 cop-
ies, for 2 years and her immune system has
been restored to normal levels of function-
ing with a CD 4 cell count of 600/mm?.
Since arriving in the United States, she
has gotten married, and she and her new
husband would like to start a family. When
she was first diagnosed with HIV she was
told she must always use condoms during
intercourse to keep from passing her infec-
tion on to her sex partner who is HIV neg-
ative. Still, she knows other women with
HIV who have had healthy children, and
she has heard from others that when her
virus is no longer detectable in her blood,

ooooooooooooooooooooooooooooooo

she can not transmit her infection to her

husband or to her child.

Background

Impact of Gender on HIV
Worldwide

In modern clinical practice, these are is-
sues that physicians and patients must
face on an increasingly regular basis. Ac-
cording to UNAIDS, there are more than
40 million people living with HIV today.
Of these, 50% are women. In Africa, 57%
of those with HIV-1 infection are wom-
en, and of those aged 15-24, more than
75% are women. According to the Cen-
ters for Disease Control and Prevention,
of the more than 400,000 people living
with AIDS in the US, 22% are women,
and AIDS is among the leading causes
of death among young African-American
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women. In 2002, 28% of US HIV cases
diagnosed were women, but of those aged
13-24 years, 41% were women. The HIV
epidemic is increasingly affecting women
in their child-bearing years.

These are disturbing but predictable
trends. In many places throughout the
world, women find themselves in situa-
tions where they are unable to limit their
exposure to HIV. In areas of conflict, rape
is used as a method of intimidation and
control. Under conditions of poverty and
deprivation, women may find themselves
in economic dependency that does not
allow them any alternative to an abusive
or dangerous relationship without risking
starvation and homelessness for themselves
and their children. Economic hardship
may also force women to work in the com-
mercial sex trade to support their families.
In any of these situations, to suggest that
women can require or even request the use
of condoms or any other barrier method of
protection is naive at best.

Women trapped in these circumstances
may at least be aware of their risks and
could conceivably avail themselves of HIV
testing and early diagnosis, with the hope
of earlier treatment. What seems to be a
much more common pattern however is
that many women are at high risk for HIV
infection without knowing it. We found in
a chart review of 134 HIV-infected women
receiving care at an HIV treatment center
in India, that 88% were married to their
only lifetime sexual partner.! We found a
similar pattern in Cambodia, where HIV-
infected women delivering their babies in
a maternity hospital were statistically more
likely to be married than women without
HIV.? In these circumstances, it may not be
possible for a woman to know her risk of
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infection, and may not even consider HIV
testing until she has advanced, symptom-
atic HIV or AIDS. The result is a large and
growing pool of women with HIV, who
are in their child-bearing years and who
remain completely unaware of their infec-
tion. In other words, women are at high
risk for becoming infected, often without
classic risk factors such as multiple sexual
partners or intravenous drug use. Once
infected, if a woman is unaware of her in-
fection, she may unwittingly transmit her
infection to subsequent sex partners or to

her children.

Sex as a Risk Factor for HIV
Infection

It is generally accepted that the princi-
pal mode of HIV transmission between
adults worldwide is through unprotected
heterosexual contact. This is supported
by a strong correlation between HIV in-
fection and transmission and other sexu-
ally transmitted diseases (STDs).> STDs
have consistently been shown to increase
the risk of transmitting HIV, as well as
the risk of becoming infected with HIV.
In addition, the treatment of STDs may
actually reduce the rate of HIV transmis-
sion within a community when treatment
programs are implemented early enough
in an epidemic.” Another indicator of the
role sexual intercourse plays in the estab-
lishment of HIV epidemics is the finding
that condom campaigns and reductions in
other sexual risk behaviors can be effec-
tive in reducing the spread of HIV.>? In
the United States, the proportion of AIDS
cases attributable to heterosexual exposure
has increased from 3% in 1985 to 31% in
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2003."° Among US women, sexual contact
is responsible for 71% of all AIDS cases.
Based on studies from the United States
and Europe, risk for sexual transmission
was thought to be greater from male to fe-
male than from female to male.'"'> More
recent data however suggest that the rates
of female to male transmission is at least
equal, if not higher than that of male to
female transmission.'** A greater under-
standing of the dynamics of HIV in the fe-
male genital tract can help to explain why
these differences exist, and how we can de-

velop programs to reduce sexual transmis-
sion of HIV.

Mother to Child Transmission
as a Risk Factor

For children, the greatest risk for HIV in-
fection is being born to a woman with HIV.
In the United States, 91% of children un-
der the age of 13 acquired HIV around the
time of birth."” For non-breast fed infants,
these infections most often occur late in
pregnancy and as the infant passes through
the birth canal, with exposure to blood
and vaginal secretions containing HIV.
This is confirmed by the numerous studies
that show a marked decrease in mother-to-
child transmission following cesarean de-
livery, which limits the exposure to genital
tract HIV.'?! One study from Kenya and
another in Botswana found that the detec-
tion of HIV in the vagina of a pregnant
woman was significantly associated with
transmission of HIV to the infant.?>%

Blood Levels of HIV and HIV
Transmission

Among the many factors associated with

HIV transmission between sex partners
and from mother to child, the one factor
that stands out as being the strongest pre-
dictor is the level of HIV in the blood, or
the plasma viral load. The best evidence
for this came from a study of couples in
Uganda.?* More than 15,000 individuals
participated in a study that was part of a
larger trial for the prevention of STDs, for
a period of 30 months. During the course
of the study there were 90 new HIV infec-
tions that occurred between 415 couples.
There was a step-wise increase in the rate
of HIV transmission with every increase in
plasma viral load in the transmitting part-
ner.

A similar effect has been seen in mother
to child transmission. In many studies, ma-
ternal plasma viral load is directly related
to risk for HIV transmission to infant.”%
With the use of effective drugs to control
HIV, the risk of mother to child transmis-
sion can be reduced to nearly 1-2%. How-
ever, even with undetectable levels of HIV
in the blood, transmissions still do occur.
One possible explanation for these break-
through transmissions is a discordance be-
tween blood and genital tract HIV levels.
It may be possible in some circumstances
to have significant amounts of HIV in the
genital tract, despite undetectable blood
levels.

Measuring HIV in the Female
Genital Tract

Over the past 10 years, techniques have
been developed to measure the amount of
HIV present in cervical and vaginal areas.
Several methods have been used to detect
what most refer to as HIV genital shed-
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ding. Specimens can be collected using a
cervical and vaginal washing technique
called a lavage, by absorbing secretions on
filter paper, or by using a cotton-tipped
swab. These specimens can then be used
to determine if HIV is present and in
what quantities. Using these techniques,
it is even possible to sample individual
parts of the genital tract to see which part
of the genital tract contains more virus.
Once HIV is found, it is also possible to
determine if these viruses contain muta-
tions which make them less susceptible to
medications used for treatment. Identify-
ing drug-resistant HIV in the genital tract
suggests these viruses may be ready to be
sexually transmitted.?®%

The Determinants of Genital
Tract HIV Shedding

Several factors have been shown to con-
tribute to genital tract HIV shedding. As
it turns out, the same predictor for sexual
and mother to child transmission, plasma
viral load, is also the most reliable predictor
for genital tract shedding.’**" Using mul-
tiple sampling techniques, Kovacs and col-
leagues found that more than 3/4 of wom-
en with detectable plasma HIV also had
detectable genital tract HIV. A high rate of
genital tract HIV shedding among women
not receiving effective antiretroviral thera-
py has been demonstrated by several other
groups in a variety of settings. Our group
found HIV shedding among 60% of anti-
retroviral naive women in the Philippines
and more recently, McLean and colleagues
found that 81% of untreated women in
Northern Thailand had detectable HIV in
the genital tract.>>* Shedding is therefore
a common event among women with de-
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tectable blood plasma HIV.

Genital Infections and HIV
Shedding

Multiple studies have demonstrated that
concomitant infections in the genital tract
of both men and women increase the fre-
quency and degree of HIV shedding.>*%
Of particular interest are herpes simplex
virus (HSV) infections and bacterial vagi-
nosis (BV). Herpes simplex is important in
its contribution to HIV shedding because
it is extremely common among women
with HIV. It can be treated but can not be
cured, so frequent recurrences are possible.
Bacterial vaginosis is also common: at any
one time, up to 1/3 of all women will have
BV. BV can be cured but frequently recurs,
even in the absence of sexual contact.
Herpes simplex has a long epidemiolog-
ic association with HIV infection.?® The
population prevalence of HSV type 2, the
primary genital type, varies but is rough-
ly 20% in the United States.*” Among
high-risk populations, the prevalence of
HSV-2 is much higher. Among HIV in-
fected women in the United States, the
prevalence of HSV-2 by serologic testing
for antibody is 78%, and among female
commercial sex workers in Senegal, the
prevalence was found to be 96%.%! Not
only is HSV-2 common among women at
risk for or already living with HIV, HSV-2
has been shown to facilitate HIV shedding
among women with both infections.**
This association has been seen both with
symptomatic herpes outbreaks and even
with asymptomatic herpes. Herpes sim-
plex therefore appears to increase the in-
fectiousness of HIV, even among women
without symptoms of herpes infection.
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Medications such as acyclovir have been
shown to reduce HSV shedding by 90%.%
Studies are ongoing to determine if use of
these medications can prevent HIV genital
tract shedding and subsequent transmis-
sion.

Like HSV, BV is an extremely com-
mon disorder, particularly among popula-
tions of women where HIV is prevalent. In
one cross-sectional study in rural Uganda,
6456 women were tested for the presence
of genital infections.” Fifty one percent
had BV, and 80% of them were without
symptoms. BV has also been shown to in-
crease genital tract HIV shedding.’* In
one study in Italy, women were more than
3 times more likely to have HIV shed-
ding if they had BV. In the United States,
our group has found that HIV-infected
women with BV were almost 6 times more
likely to shed HIV.

In addition to BV and HSV, other
genital infections have also been associated
with HIV shedding. In a study in Cote
d’Ivoire, HIV shedding was more common
among women with gonorrhea, chlamydia
and genital ulcer.”” The prevalence of shed-
ding declined from 42% to 21% among
women whose genital infection was cured
with treatment.

Attempts at controlling genital infec-
tions with antibiotic treatments in order to
reduce HIV infections have met with vary-
ing success.*"*® A reasonable explanation
for the lack of efficacy of some programs is
the failure to treat the most common geni-
tal infections effectively. Given the relative
frequency of HSV and BV infections and
the need for continuous or frequent treat-
ments to control them, the effect of other
interventions may be overwhelmed by the
degree and frequency of HIV shedding as-

sociated with these 2 conditions.

Treatment for HIV and
Shedding

Antiretrovirals, used for the treatment of
HIV, are extremely potent at reducing
HIV levels in the blood, often to undetect-
able levels. With these decreases in blood
plasma HIV, similar decreases in genital
tract HIV levels are seen. Our group has
shown that within days of starting HIV
treatment, levels of HIV in the genital tract
begin to decline.”’ In a study of 7 women
beginning therapy who had daily genital
tract samples collected, all subjects had
undetectable levels of HIV in the genital
tract by the 14th day. With sustained sup-
pression of plasma viral load, genital tract
viral loads also tend to remain suppressed,
but not always. In studying a series of
20 women with sustained suppression of
plasma HIV, we found that 8 women had
intermittent periods of shedding in the
genital tract.”® The suppression of genital
tract HIV using antiretroviral therapy is
effective, but unpredictable breakthrough
shedding often occurs.

Complete, durable suppression of HIV
in the blood is by no means assured with
the use of antiretroviral drugs. In gen-
eral practice, up to 1/3 of all patients on
treatment will experience breakthrough
increases in plasma viral load. When this
happens, there are often drug-resistant
mutant viruses present. Our group found
in one study of genital tract virus among
women who were taking non-suppressive
antiretroviral therapy, 4 out of 7 women
had mutant virus present in the genital
tract that differed from the mutants found
in blood.”® One possible explanation for
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the differences in the expression of drug-
resistant mutants between the genital tract
and the blood is that antiretroviral drug
concentrations differ in different body
compartments. Sub-therapeutic drug con-
centrations in the genital compartment
may create an environment where HIV
is allowed to replicate and evolve drug
resistance in a site where these resistance
mutations may be readily transmitted.
Our group and colleagues from the Uni-
versity of North Carolina have found that
concentrations of 8 different antiretrovi-
ral drugs in the female genital tract varied
from <10% to >100% of those found in
the blood plasma.>?

Other Factors Associated with
HIV Shedding

Several other factors or conditions have
been associated with HIV shedding in the
female genital tract. In Mombasa, Kenya,
213 women were examined for an average
of 64 days after starting hormonal contra-
ception.”® A modest but significant increase
in genital tract HIV shedding was noted,
although this did not correlate to any par-
ticular type of contraception. These find-
ings are similar to a cross-sectional study
in Mombasa, which found that women
receiving hormonal contraception had a
greater likelihood of genital tract shedding
compared to women not receiving these
treatments.”* HIV shedding has been seen
to fluctuate according to the menstrual
cycle as well. An increase in HIV shedding
occurs just before the start of menses.”
This may be due to changes in vaginal cy-
tokine levels, which appear to increase sig-
nificantly during menses but are not asso-
ciated with any changes in the level of HIV
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in the blood.*® Since cytokines are respon-
sible for increasing inflammation and can
stimulate viral production, this observation
is not unexpected. Another cross-sectional
study in Italy found a similar relationship
between vaginal cytokines and HIV shed-
ding, and found that antiretroviral therapy
reduced the inflammatory cytokine lev-
els.”” The induction of inflammation by
the daily use of the topical product non-
oxynol-9 has been implicated in the in-
crease of genital lesions and a trend toward
an increase in genital tract HIV shedding
among women using this product in ran-
domized trials.”® More detailed analysis of
cytokines and examinations for clinical
evidence of inflammation or toxicity are
an important part of all studies evaluating
topical vaginal products.

One confusing area that is still under
investigation is the association between
micronutrient deficiency and HIV shed-
ding. Several studies have found an asso-
ciation between micronutrient deficiency
and HIV shedding and others have shown
an increase in mother to child HIV trans-
mission rates among women deficient in
vitamin A.**¢" However, supplementa-
tion has at best demonstrated little effect
on genital tract HIV shedding or mother
to child transmission, and in some studies
actually increased the risk of transmission
through breastfeeding and increased geni-
tal tract HIV shedding.®*®

Future Directions

We have seen that there are increasing
numbers of women of reproductive age
who are becoming infected with HIV. We
have also seen that many of these women
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are unaware of their infection, or even their
risk for having HIV. Finally we have seen
that there are many factors that contribute
to shedding of HIV in the female genital
tract which can increase a woman’s risk
for transmitting her infection to her sex
partners or children. Many of these factors
are modifiable such that, with proper in-
tervention, genital tract HIV shedding can
be reduced and transmission prevented.
Testing these interventions is an important
area for future prevention research.

One area of particular attention is the
regular screening and treatment of genital
tract infections. While it is widely recog-
nized that treatment of genital infections
can reduce HIV transmissions, the opti-
mum implementation of programs to real-
ize the maximum benefit remains elusive.
Programs that accurately diagnose genital
infections in women and provide effective
treatments for the most prevalent genital
infections have not yet been sufficiently
tested for their impact, let alone imple-
mented on a sufficient scale.

In addition to treatment of genital in-
fections, the use of antiretroviral medi-
cations for the prevention of HIV trans-
mission has yet to be adequately studied.
While it is clear that these medications do
lower viral loads and infectiousness, the
prevention effect could be diluted by an
increase in sexual risk taking by individu-
als believing they are less infectious and
by the increased number of individuals
now able to survive with HIV infections
as a consequence of effective treatments.
While those individuals with severely
weakened immune systems are clearly in
need of medications, research is currently
being conducted to determine whether
treatment of asymptomatic individuals at

earlier disease stages is an effective strategy
to prevent transmissions.

One of the most effective prevention
interventions, the latex condom, is not
available to many vulnerable women. New
methods of female-controlled protection,
such as topical microbicides will be a ma-
jor advance for HIV prevention programs.
Despite the failure of nonoxynol-9 as one
such product, a number of others are ad-
vancing through the clinical trials pipeline.
An effective product might not only pre-
vent a woman from being infected, but
might also prevent an infected women
from transmitting HIV to her sex partners.
Measurement of HIV shedding in women
using these products is an important com-
ponent of the development process for
these products.

Advice to an HIV Infected
Woman Wishing to
Become Pregnant

We began our discussion with a vignette
that we are encountering with increasing
frequency. With undetectable levels of
HIV in the blood, the risks for transmis-
sion from our patient to her sex partner
and baby through genital tract shedding is
quite low. In the Ugandan couples study,
there were no transmissions observed be-
tween sex partners when blood HIV lev-
els were below 1500 copies per milliliter.*
However, we have shown that genital tract
shedding does occur among women even
with undetectable levels of HIV in the
blood, and this shedding is unpredictable.
Transmission of HIV from mother to child
can also occasionally occur even when plas-
ma viral load is undetectable. For our pa-
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tient wishing to become pregnant with an
uninfected partner, she should be advised
to consider artificial insemination to avoid
exposing her partner to even this low risk.
With undetectable plasma HIV levels she
has a 1-2% chance of transmitting HIV to
her infant. Women with detectable levels
of HIV in the blood despite antiretroviral
therapy may choose to undergo elective
cesarean delivery to minimize the risk of
exposure through genital tract HIV shed-
ding.

To summarize, the shedding of HIV
from the female genital tract is common
among women not receiving antiretroviral
therapy. When this shedding does occur,
it is intermittent and unpredictable. The
best predictor of genital tract HIV shed-
ding is blood plasma viral load. There are
ways to intervene to reduce genital tract
HIV shedding, through the treatment of
genital infections, the use of antiretrovi-
ral drugs, and possibly through the use
of microbicides or other therapies. There
are clear instances of discordance between
plasma and genital tract HIV levels, and
we need to study these further to under-
stand how to predict this phenomenon,
what other factors affect shedding, and
how to prevent it.
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