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Abstract

Objective: To longitudinally assess the association between plasma viral load (PVL) and genital tract human
immunodeficiency virus (GT HIV) RNA among HIV-1 infected women changing highly active antiretroviral
therapy (HAART) because of detectable PVL on current treatment.
Methods: Women were eligible for the study if they had detectable PVL (defined as two consecutive samples
with PVL > 1000 copies/mL) and intended to change their current HAART regimen at the time of enrollment.
Paired plasma and GT HIV-1 RNA were measured prospectively over 3 years. Longitudinal analyses examined
rates of GT HIV-1 RNA shedding and the association with PVL.
Results: Sixteen women were followed for a median of 11 visits contributing a total of 205 study visits. At study
enrollment, all had detectable PVL and 69% had detectable GT HIV-1 RNA. Half of the women changed to a
new HAART regimen with ‡ 3 active antiretroviral drugs. The probability of having detectable PVL ‡ 30 days
after changing HAART was 0.56 (95% CI: 0.37 to 0.74). Fourteen women (88%) had detectable PVL on a follow-
up visit ‡ 30 or 60 days after changing HAART; and 12 women (75%) had detectable GT HIV-1 RNA on a
follow-up visit ‡ 30 or 60 days after changing HAART. When PVL was undetectable, GT shedding occurred at
11% of visits, and when PVL was detectable, GT shedding occurred at 47% of visits.
Conclusions: Some treatment-experienced HIV-infected women continue to have detectable virus in both the plasma
and GT following a change in HAART, highlighting the difficulty of viral suppression in this patient population.

Introduction

Virologic failure while on highly active antiretroviral
therapy (HAART) remains a challenging issue for human

immunodeficiency (HIV)-1–infected individuals with prior
treatment experience.1 In clinical practice, the ability to achieve
virologic suppression in both the genital tract (GT) and plasma
can be compromised by limited drug options due to accumu-
lating drug resistance, lack of adequate treatment adherence,
and inappropriate drug choice.2 Among treatment-experienced
HIV-infected individuals in care, almost half may harbor a drug-
resistant virus,3 and the heterosexual and vertical transmission
of drug-resistant virus has been documented.4–6

The sexual and vertical transmission of HIV results from
the presence of the virus in the GT;7,8 however, plasma HIV-1
RNA levels have been used clinically as a surrogate measure
for GT HIV-1 RNA to determine the risk of transmission.9

Studies have demonstrated that HAART suppresses viral
replication not only in the blood and lymphoid tissues, but
also in the male and female GT.10 GT HIV-1 RNA is correlated
with plasma HIV-1 RNA (or plasma viral load, PVL),11 and
the presence of plasma HIV-1 RNA is the strongest predictor
of GT HIV-1 RNA detection.12 However, women receiving
HAART may still be infectious at some time points due to GT
shedding despite suppressed viremia in the plasma. A pre-
vious longitudinal study by our group found that over half of
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the women had genital HIV-1 RNA shedding.13 A cross-
sectional study by Kovacs et al. also found HIV-1 RNA in the
genital secretions of over half the women.14 Neely et al.
found detectable HIV-1 RNA in the genital secretions in 15%
of the women.15 Beyond HIV-1 RNA in the plasma, other
factors have also been shown to impact HIV-1 RNA shed-
ding in the genital tract, including ulcerative disease, exu-
date, inflammation-associated cellular changes, cervical
ectopy, sexually transmitted infections , menstrual cycle, al-
cohol use, and hormonal contraception.16 A persistent
question has been whether a subcompartment of the female
genital tract (i.e., ectocervix, endocervix, or vagina) prefer-
entially sheds virus.17 In a previous study, we found that in
almost three-fourths of women, only a single subcompart-
ment had evidence of viral shedding, suggesting sampling
from only one subcompartment could fail to detect genital
tract HIV-1 RNA.18

Data from HIV serodiscordant couples have repeatedly
demonstrated the association between viral suppression and
decreased HIV sexual transmission.19,20 In the era of HAART,
HIV-infected partners in discordant relationships were sub-
stantially less likely to transmit HIV to their partners if they
were on HAART,21 and populations with higher levels of
HAART coverage had lower population viral loads and a
lower number of HIV diagnoses.22,23 Recent data have shown
that HAART can decrease the risk of HIV sexual transmission
within serodiscordant couples by 96%.24,25

It is hypothesized that there are patients, representing a
segment of the treatment-experienced HIV-infected popula-
tion with limited effective HAART options, who may con-
tinue to have uncontrolled plasma and/or GT viral load and
who may facilitate the spread of HIV. The objective of this
study was to evaluate and describe patterns of GT HIV-1 RNA
shedding in treatment-experienced women. PVL and GT
HIV-1 RNA were longitudinally assessed among women
changing HAART regimens because of detectable PVL on
current HAART. Understanding patterns of GT HIV-1 shed-
ding in treatment-experienced women with unsuppressed
PVL and potential drug resistance has implications for both
clinical management and for HIV secondary transmission.26,27

Methods

Study setting and patient population

Participants included HIV-1 infected women on HAART at
the Miriam Hospital Immunology Center (Providence, RI)
between September 2003 and September 2008. At the time of
the current study, the Immunology Center provided care to
984 patients, of whom 37% were women, most (55%) below 44
years of age; 29% of patients identified as African-American
and 18% as Latino/a. Women were recruited in the course of
clinical care by their primary HIV physician provider. Elig-
ibility criteria for this observational study included: (1) de-
tectable PVL (defined as 2 consecutive PVL samples > 1000
copies/mL), and (2) intention of the HIV clinician to change
the current HAART regimen at the time of enrollment. Wo-
men were followed at 2 weeks following enrollment and then
every 4 weeks until their PVL was undetectable ( £80 copies/
mL). Once PVL became undetectable, study visits occurred
every 3 months for 36 months. All participants were reim-
bursed at each study visit with a $25 cash voucher. The Mir-
iam Hospital Institutional Review Board approved the study.

At enrollment, demographic information and medical and
reproductive histories were collected; and women were tested
for Neisseria gonorrheae and Chlamydia trachomatis by culture
and Treponema pallidum and herpes simplex virus 2 (HSV2) by
serology. At all study visits, including enrollment, women
provided blood for PVL testing and underwent pelvic ex-
aminations for collection of GT secretions, testing for HIV-1
RNA, the presence of semen, and wet mount for Trichomonas
vaginalis, bacterial vaginosis, and Candida infection. HSV-2
polymerase chain reaction (PCR) was done at follow-up visits
on all cervicovaginal lavage samples. In addition, at each visit,
a questionnaire was administered to collect information on
self-reported HAART intake, last menstrual period, contra-
ception use, vaginal sex with a male partner, and condom use.
If a woman was diagnosed with a GT infection, she was
treated and asked to come back two weeks after completing
treatment to ensure resolution of the infection and for re-
peating PVL, GT HIV-1 RNA, and GT infection assessment.
During follow up, only symptomatic women were tested for
N. gonorrheae, C. trachomatis, and T. pallidum.

Laboratory measures

Screening PVL was quantitated by branched DNA (Sie-
mens Corporation) with a lower limit of detection of 75 cop-
ies/mL. After enrollment into the study, PVL and GT HIV-1
RNA were quantitated by NucliSens� HIV-1 QT (bioMér-
ieux, Inc.), with a lower-detection limit of 80 copies/mL for
plasma. Samples were invalid when there was not adequate
amplification of the internal calibrators. GT secretions were
collected using Sno-strip filter paper from the endocervix,
ectocervix, and vagina. After Sno-strip manufacture was
discontinued in late 2005, Tear flo strips were substituted. For
genital specimens the volume collected was 24 lL (3 Sno-
Strips or 2 Tear flo per subcompartment), and the limit of
detection of the test was 3300 copies/mL. Women who had a
hysterectomy contributed only vaginal samples. A cervi-
covaginal lavage (CVL) using 10 mL of normal saline was also
collected and processed for white blood cell counts using a
Neubauer hemacytometer. The presence of seminal fluid in
GT secretions was detected using the ABA card P30 test. Ev-
ery attempt was made to procure a sample from each genital
subcompartment (vagina, endocervix, and ectocervix); but at
some visits, women did not have adequate secretions to be
able to obtain a specimen from each genital subcompartment.
In addition, every attempt was made to quantify the HIV-1
RNA from each sample, and in case of invalid viral load
measurements, viral load quantification was repeated.

Clinical data

Clinical data, including CD4 cell count, antiretroviral
(ARV) history, and reported ARV resistance mutations were
collected from patient medical records by two study authors
(KKV and SC). The nadir CD4 cell count was defined as the
lowest documented cell count. CD4 cell count and genotyping
were obtained at baseline and were determined as part of
routine clinical management during the course of the study.
Drug resistance mutations were defined according to the
current International AIDS Society-USA mutation list.28 Pre-
dicted drug susceptibility was done with HIVDB scores
(http://hivdb.stanford.edu), divided into five categories,
namely susceptible, potential low-level resistance, low-level
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resistance, intermediate resistance, and high-level resistance.
Active medications refer to ARVs to which the HIV had no
major resistance. While we use the term HAART to refer to
combination therapy with at least three ARVs from at least 2
drug classes, we employ the term ARV to refer to any single
drug.

Statistical analysis

The probability of detectable PVL and of GT HIV-1 RNA
during follow-up and at visits with undetectable and detect-
able PVL, and the odds of GT HIV-1 RNA shedding when
PVL was detectable versus undetectable, were estimated us-
ing longitudinal models for binary outcomes (GT shedding
yes/no) fitted using generalized estimating equations (GEE)
with exchangeable within-subject correlation. Robust stan-
dard errors were used to calculate 95% confidence intervals
(95% CI). The binary outcomes were detectable GT HIV-1
RNA in each genital subcompartment (endocervix, ecto-
cervix, and vagina), and detectable GT HIV-1 RNA in at least
one genital subcompartment (endocervix or ectocervix or
vagina). Only visits ‡ 30 days following the change from the
prior HAART regimen to the new regimen were analyzed. To
ensure the results were not sensitive to the selection of 30
days, 60 days after changing HAART was also evaluated and
any substantial differences described. For the odds of GT HIV-
1 RNA shedding when PVL was detectable versus undetect-
able, both cross-sectional (between subject) and longitudinal
(within subject) effects were estimated. To address potential
confounding in the relationship between PVL and GT HIV-1
RNA detection, these models were adjusted for hysterectomy
status (when applicable), CD4 cell count, and bacterial vagi-
nosis (other GT infections were of low prevalence in the co-
hort). Although menstrual cycle phase may possibly affect GT
HIV-1 RNA levels, with only 9 women with regular menstrual
cycles, it was not possible to examine the relationship between
menstrual phase and GT shedding in this dataset. All statis-
tical analyses were conducted using R (version 2.9.0; Vienna,
Austria, 2009). A p-value below 0.05 was considered statisti-
cally significant.

Results

A total of 16 women contributed 205 study visits with
paired plasma and GT samples. There were a total 189 follow-
up visits, the median number per woman was 11 (range 4–19
visits); 154 of these visits (81%) were ‡ 30 days, and 137 (72%)
were ‡ 60 days after changing HAART. Table 1 presents the
baseline characteristics of the women at study enrollment. The
median age was 42 years (range 32 to 65). Three women had
undergone a hysterectomy. The median period of ARV ex-
posure was 6.9 years and the median period on HAART was
6.1 years. The median time on baseline HAART was 3.8 years
(range: 0.3 to 8.9). About two-thirds of the women (63%) re-
ported being sexually active in the prior 6 months, with 10/11
(91%) of them reporting condom use at their last sexual en-
counter. Four women (25%) were diagnosed with bacterial
vaginosis and two women (13%) with T. vaginalis. All women
were HSV-2 immunoglobin G antibody positive at baseline.

Fourteen women changed to their new HAART regimen at
the time of study enrollment. However, two women changed
regimens during follow up, one prior to her second follow-up
visit on day 50 and one prior to her fourth follow-up visit on

day 85. Almost all (94%) were sexually active at some point
during the study. At visits during which women reported
being sexually active, most women reported using condoms
(85%). However, among those women who were sexually
active, 31% reported not using a condom at least once during
the study. On follow-up, 75% of women were diagnosed with
bacterial vaginosis and 44% were diagnosed with candida
vaginitis; one woman was diagnosed with trichomoniasis and
two women tested PCR positive for HSV-2. Five women
(31%) had semen detected in the GT.

Patient-level data

Table 2 presents the baseline and nadir CD4 cell counts,
PVL, GT HIV-1 RNA by subcompartment (endocervix, ecto-
cervix, and vagina), HAART regimen, and plasma drug re-
sistance profiles with major nucleoside reverse transcriptase

Table 1. Demographic, Clinical, Treatment,

and Behavioral Characteristics of Study Participants

at Enrollment (N = 16)

Characteristic Value*

Demographics
Age (years) 42 (32 to 65)
Race:
Black/African American 6/16 (38%)
Hispanic/Latina-Black 2/16 (13%)
Hispanic/Latina-White 4/16 (25%)
White/Non Hispanic 4/16 (25%)

Clinical measures
PVL (copies/mL) 13,500 (1800 to 780,000)
CD4 cell count (cells/lL) 224 (63 to 591)
Nadir CD4 cell count (cells/lL ) 84 (10,389)
Treponema pallidum 0/16 (0%)
Neisseria gonorrheae 0/16 (0%)
Chlamydia trachomatis 0/16 (0%)
Trichomonas vaginalis 2/16 (13%)
Bacterial vaginosis 4/16 (25%)
Candida albicans 0/16 (0%)
Semen 0/16 (0%)
Taking oral contraceptives 2/16 (13%)
Hysterectomy 3/16 (19%)

HIV treatment history
Years of ARV exposure 6.9 (2.9 to 13.9)
Years on HAART 6.1 (2.9 to 10.5)
Years on current HAART

regimen
3.8 (0.3 to 8.9)

HIV sexual risk behaviors
Sexually active in the last

6 months
9/14 (64%)

Used a condom at last sexual
encounter

10/11 (91%)

Ever injected drugs 6/16 (38%)
Ever have sex with an injection

drug user
5/16 (31%)

Ever have sex with an HIV
positive man

10/16 (63%)

Ever have sex for drugs
or money

4/16 (25%)

*Results presented as median (range) for continuous and as n/N
(%) for categorical measures.

ARV, antiretroviral; HAART, highly active antiretroviral therapy;
PVL, plasma viral load.
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inhibitor (NRTI)/non-nucleoside reverse transcriptase in-
hibitor (NNRTI) and protease inhibitor (PI) mutations at en-
rollment. The ordering of rows in Table 2 was based on the
number of active ARV agents in each woman’s newly chan-
ged treatment regimen, separating women with ‡ 3 ARVs
from those with £2 ARVs. Ten women (63%) were receiving
an NNRTI-based HAART regimen and 5 (31%) were receiv-
ing a PI-based HAART regimen at enrollment. Women had
relatively low CD4 cell counts (median 224 cells/lL), and the
median nadir CD4 cell count was 84 cells/lL. All women had
confirmed detectable PVL, ranging from 1800 copies/mL to as
high as 780,000 copies/mL, and 11 women (69%) had de-
tectable GT HIV-1 RNA, ranging from 3760 copies/mL to
112,000 copies/mL. Among the 13 women who did not have a
hysterectomy, 2 women had GT HIV-1 RNA detectable in all 3
subcompartments. The most common NRTI/NNRTI muta-
tions in the plasma viral population at the baseline visit were
M184V (56%), K103N (44%), T215Y (31%), M41L (25%),
L210W (25%), and L74V (25%). Six women also had available
genotypes from the GT at baseline, and the detected muta-
tions were concordant with plasma.

Nine women changed from NNRTI-based HAART at en-
rollment to a PI-based regimen, and one woman on PI-based
HAART changed to a NNRTI-based regimen; the remainder
changed to another HAART regimen within the same drug
class. Half of the women changed to new HAART regimens
with ‡ 3 active ARVs, while the rest changed to regimens
with £2 active ARVs. On follow-up, thirteen women (81%)
had detectable GT HIV-1 RNA detected in at least one genital
subcompartment; 67% of women had detectable GT HIV-1
RNA in the vagina, 77% in the ectocervix, and 85% in the
endocervix.

Patterns of GT HIV-1 RNA shedding

The probability of having detectable PVL ‡ 30 days after
changing HAART was 0.56 (95% CI: 0.37 to 0.74), with a
similar estimate using data ‡ 60 days after changing HAART.
Fourteen of 16 women (88%) had a detectable PVL on a fol-
low-up visit ‡ 30 or 60 days after changing HAART; and 12
women (75%) had detectable GT HIV-1 RNA on a follow-up
‡ 30 or 60 days after changing HAART.

Table 3. Probability (95% CI) of Having HIV-1 RNA Detected in the Genital Tract over All Visits and Stratified

When Plasma Viral Load Was Detectable and Undetectable, and the Between-Subject and Within-Subject Odds

Ratios of Having Genital Tract Shedding When Plasma Viral Load is Detectable Versus Undetectable, at Visits

‡ 30 Days after Changing Highly Active Antiretroviral Therapy Regimens

GT subcompartment

Overall
probability
of shedding

Overall probability
of shedding with

PVL £80

Overall probability
of shedding with

PVL > 80

Between subject
OR of shedding

PVL > 80 vs. PVL
£80 at baselinea

Within-subject
OR of shedding

when PVL > 80 vs.
PVL £80 at follow-upb

Ectocervix 0.25 (0.15, 0.39) 0.05 (0.01, 0.28) 0.41 (0.26, 0.59) 4.8 (0.66, 35.4)3 17.0 (1.8, 158.5)c

Endocervix 0.21 (0.12, 0.35) 0.05 (0.02, 0.17) 0.34 (0.19, 0.53) 3.7 (0.66, 21.0)3 6.2 (1.03, 37.5)c

Vagina 0.23 (0.13, 0.39) 0.04 (0.01, 0.16) 0.37 (0.22, 0.55) 5.5 (1.4, 22.7)4 32.2 (5.2, 199.4)d

At least one
subcompartment

0.31 (0.21, 0.45) 0.11 (0.03, 0.31) 0.47 (0.35, 0.60) 2.6 (0.80, 8.7)4 11.0 (3.1, 38.7)d

aBetween-subject or cross-sectional effect: ratio of the odds of GT shedding when PVL > 80 versus PVL £80 for women with PVL £80 at
baseline compared to women with PVL > 80 at baseline.

bWithin-subject or longitudinal effect: odds ratio of GT shedding for women who transition from PVL £80 at baseline to PVL > 80 at follow-up.
cModel adjusted for baseline CD4, change in CD4, baseline BV, change in BV from baseline.
dModel adjusted for baseline CD4, change in CD4, baseline BV, change in BV from baseline, and hysterectomy status (yes/no).
OR, odds ratio; BV, bacterial vaginosis.

Table 4. Probability (96% CI) of Having HIV-1 RNA Detected in the Genital Tract over All Visits and Stratified

When Plasma Viral Load Was Detectable and Undetectable, and the Between-Subject and Within-Subject

Odds Ratios of Having Genital Tract Shedding when Plasma Viral Load is Detectable Versus Undetectable,

at Visits ‡ 60 Days after Changing Highly Active Antiretroviral Therapy Regimens

GT subcompartment
Overall probability

of shedding

Overall probability
of shedding with

PVL £80

Overall probability
of shedding with

PVL > 80

Between subject
OR of shedding

PVL > 80 vs. PVL
£80 at baselinea

Within-subject
OR of shedding

when PVL > 80 vs.
PVL £80 at follow-upb

Ectocervix 0.23 (0.14, 0.37) 0.04 (0.01, 0.21) 0.40 (0.25, 0.57) 15.1 (1.5, 156.6)c 20.1 (0.86, 466.4)c

Endocervix 0.21 (0.11, 0.34) 0.06 (0.02, 0.18) 0.33 (0.18, 0.52) 6.9 (0.53, 88.8)c 4.8 (1.01, 22.9)c

Vagina 0.22 (0.13, 0.37) 0.02 (0.003, 0.10) 0.37 (0.22, 0.54) 9.3 (0.84, 101.5)d 27.6 (2.9, 266.8)d

At least one
subcompartment

0.32 (0.21, 0.45) 0.10 (0.03, 0.28) 0.50 (0.38, 0.62) 6.5 (2.6, 16.8)d 6.5 (3.0, 14.1)d

aBetween-subject or cross-sectional effect: ratio of the odds of GT shedding when PVL > 80 vs. PVL £80 for women with PVL £80 at
baseline compared to women with PVL > 80 at baseline.

bWithin-subject or longitudinal effect: odds ratio of GT shedding for women who transition from PVL £80 at baseline to PVL > 80 at follow-
up.

cModel adjusted for baseline CD4, change in CD4, baseline BV, and change in BV from baseline.
dModel adjusted for hysterectomy status (yes/no), baseline CD4, change in CD4, baseline BV, and change in BV from baseline.
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At visits ‡ 30 days after changing HAART regimens, the
estimated overall probabilities of GT HIV-1 RNA shedding
were between 21% and 25% of visits in each of the three
genital subcompartments (Table 3); GT HIV-1 RNA shedding
in at least one subcompartment was estimated to occur at 31%
of visits (95% CI: 21% to 45%). When PVL was undetectable,
shedding occurred in at least one of the three subcompart-
ments at 11% of visits; when PVL was detectable, shedding
occurred in at least one of three subcompartments at 47% of
visits. The odds of shedding in each subcompartment and in
at least one of the subcompartments was significantly in-
creased when PVL was detectable. The between-participant
(or cross-sectional) adjusted odds ratio (OR) of shedding
ranged from 2.6 (95% CI: 0.80 to 8.7) for shedding in at least
one subcompartment to 5.5 (95% CI: 1.4 to 22.7) for shedding
in the vagina. The within-participant (or longitudinal) ad-
justed OR of shedding ranged from 11.0 (95% CI: 3.1 to 38.7) in
at least one subcompartment to 32.2 (95% CI: 5.2 to 199.4) in
the vagina. The results from models fitted utilizing visits ‡ 60
days after changing HAART had similar point estimates and
considerable overlap of the confidence intervals (See Table 4).

At visits after changing HAART (i.e., visits ‡ 30 days on new
regimen), the higher the PVL, the higher the GT HIV-1 RNA;
however, there were also instances in which women with un-
detectable PVL continued to have GT HIV-1 RNA shedding
(see Fig. 1). The mean quantity of GT HIV-RNA when PVL was
detectable was 238,200 copies/mL in the endocervix, 575,500
copies/mL in the ectocervix, and 556,700 copies/mL in the
vagina. At visits ‡ 30 days after changing HAART, the mean
quantity of GT HIV-1 RNA when PVL was undetectable was
5318 copies/mL in the endocervix, 3596 copies/mL in the ec-
tocervix, and 4873 copies/mL in the vagina.

Figure 2a documents the longitudinal pattern of PVL and
GT HIV-1 RNA at study visits following changing HAART

among women on ‡ 3 active ARVs. In general, both PVL and
GT HIV-1 RNA decreased slightly at the time of changing
regimens but then remained detectable. Two out of 8 women
on ‡ 3 active ARVs achieved sustained virological suppres-
sion in both the GT and plasma. When all women, regardless
of number of active ARVs, were included, the longitudinal
pattern of PVL and GT HIV-1 RNA was not markedly dif-
ferent. Figure 2b documents the longitudinal pattern of PVL
and GT HIV-1 RNA at study visits following changing
HAART among women on < 3 active ARVs.

Seven women (44%) changed HAART more than once
following enrollment. Six of these seven women underwent

FIG. 1. Scatterplot of plasma viral load log10(plasma viral
load [PVL]) versus log10 (genital tract human immunodefi-
ciency virus [GT HIV]-1 RNA) at visits ‡ 30 days after
changing highly active antiretroviral therapy (HAART) reg-
imens. Horizontal and vertical lines represent the lower limit
of assay detection.

FIG. 2. (a) Log10(PVL) and log10(GT HIV-1 RNA) at study
visits following changing HAART regimens among women
receiving ‡ 3 active antiretrovirals (ARVs). (b) Log10(PVL)
and log10(GT HIV-1 RNA) at study visits following changing
HAART regimens among women receiving < 3 active ARVs.
Horizontal lines denote the lower limit of detection of the
assays. The vertical line denotes the first visit the participant
was on the new changed HAART regimen for ‡ 30 days. The
thick black curve represents a smooth polynomial curve fit-
ted to the data using weighted least squares.
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repeat genotyping from the plasma. All six women developed
additional resistance mutations. Thirteen mutations were ac-
cumulated overall (on average 2 per patient), 9 NRTI/
NNRTI- and 4 PI-associated. The most common additional
NRTI/NNRTI mutation was M184V (3/6) and PI mutation
was M36I (2/6). All but one of these women who developed
additional mutations were receiving £2 active ARVs.

Discussion

The current study conducted among a clinic population of
treatment-experienced HIV-1 infected women followed over
time demonstrates that some of these women will continue to
have detectable virus in both the plasma and GT, highlighting
the difficulty of suppressing plasma and GT HIV-1 RNA in
this group of patients. There have been few studies to pro-
spectively assess GT HIV-1 RNA shedding among women
changing HAART due to treatment failure. In clinical practice,
using PVL as a surrogate measure for GT HIV-1 RNA, which
is harder to obtain and quantify, and for which a commercial
assay is not available, is a reasonable option. The findings of
the current study highlight the complexities of effective
treatment management for extensively HAART-experienced
women. These difficulties include the need for an experienced
HIV care provider for appropriate clinical decision making to
optimally select ARVs from limited drug options, optimizing
drug adherence, and maintaining patient engagement in
clinical care.

Data from treatment-naı̈ve women have shown that sup-
pression of HIV-1 RNA in the GT can be rapid; however,
genital shedding may still occur intermittently for a sub-
stantial proportion of women with well-controlled systemic
HIV replication.29,30 Graham et al. documented that within a
cohort of 20 ARV-naı̈ve Kenyan women, half of the women
had detectable HIV-1 RNA or proviral DNA in the GT at 4
weeks on HAART.30 Nagot et al. found that among 39 ARV-
naı̈ve women in Burkina Faso, only 2 women had persistently
detectable genital HIV-1 RNA after 18 weeks on HAART,
whereas almost half of the women (16/34) with consistently
undetectable plasma HIV-1 RNA shed HIV-1 in the GT at
least once between 18 and 28 weeks on HAART.29 The current
study conducted among treatment-experienced women in the
United States with substantially longer follow-up showed
that the response to therapy measured by plasma and GT viral
levels may be further attenuated compared to short-term
outcomes among treatment-naı̈ve women.

Though the detection of HIV-1 RNA in the GT was pri-
marily driven by shedding in the plasma, when PVL was
undetectable, shedding occurred in the GT at 11% of visits. In
a previous study conducted among treatment-experienced
women with undetectable virus in the plasma, over a third of
the women demonstrated discordance between plasma and
GT HIV-1 RNA. Other studies have similarly noted viral
compartmentalization in the blood and genital tract.14,15,31,32

Though genital tract shedding is primarily driven by plasma
viremia, clinicians may not be able to solely rely on HAART to
eradicate the potential for the sexual and perinatal transmis-
sion of HIV.

In the current study, half of the women changed to HAART
regimens with ‡ 3 active ARVs. However, PVL and GT HIV-1
RNA shedding did not substantially vary in these women
compared to the overall cohort, suggesting that the lack of

viral suppression in both the plasma and GT was likely not
due to a lack of active ARVs. It is more likely that women may
not have adequately adhered to their new HAART regimens.
The ability of ARV drugs to reach the GT in concentrations
adequate to inhibit local viral replication may be important to
prevent the evolution of drug-resistant variants of HIV in the
GT while on HAART. Data have shown that PIs and NNRTIs
penetrate poorly into the GT relative to NRTIs.33 All but three
women in the current study were changed to regimens con-
taining tenofovir, which has been shown to reach high con-
centrations in genital secretions.2 The current study did not
measure drug levels in the GT, and future studies are needed
to assess the relationship between GT drug concentrations
and viral rebound.

Beyond clinical management, these findings, which in-
clude the longitudinal assessment of GT HIV-1 RNA, have
implications for HIV sexual transmission among treatment-
experienced women. Recent data show that GT HIV-1
RNA predicts sexual transmission of HIV independently of
PVL.10,24 Though most women in this study reported pro-
tected sex with condoms, almost all women were sexually
active and almost one-third did not use a condom at some
point during the study. Due to the presence of drug resistance
in this population of women, there could be potential trans-
mission of drug resistant virus.5,6

There were several limitations to note in the current study.
The small sample size may limit the generalizability of our
findings and our precision. Additional factors have also been
identified that may impact GT HIV-1 RNA shedding, in-
cluding alcohol use, cervical ectopy, and exudate, which were
not assessed in the current study. We were able to collect
menstrual data on only nine women who were premeno-
pausal; however, since the current study was not designed to
examine the effect of menstrual phase on GT HIV-1 RNA
shedding and since GT shedding was primarily driven by
plasma HIV-1 RNA in these patients, we were not able to
assess the effect of menstrual cycle phase on GT HIV-1 RNA
shedding. Since this was an observational study, treatment
changes were driven by the decisions of the primary care
provider. GT HIV-1 RNA was not assessed in real time to be
used for clinical purposes. Data spanning a time period from
2003–2008 may not be representative of currently available
HAART regimens. There are currently new classes of ARVs
for HAART-experienced patients needing to change therapy
due to treatment failure, such as integrase inhibitors (i.e.,
raltegravir), new NNRTIs (i.e., etravirine), and entry inhibi-
tors (i.e., maraviroc). Sexual risk behaviors and treatment
adherence utilized participant self-report, which can be sus-
ceptible to recall bias. ARV intake was assessed by asking
women whether they were taking their ARVs, but did not
utilize more detailed adherence measures. Only some women
had available GT genotyping, but these results were concor-
dant with plasma genotyping. Earlier data among HAART-
experienced viremic patients have found that plasma geno-
typing provides accurate surrogate information about drug
resistance in genital secretions and identifies the potential risk
for transmission of drug resistant virus.34,35

Despite a relatively small sample of women, we did have a
robust number of follow-up study visits over time. Ad-
ditionally, we assessed PVL and GT HIV-1 RNA following
both 30 and 60 days after changing HAART to account for a
longer period of time to achieve treatment response after
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changing therapy. Future research is required to understand
factors related to discordance between viral suppression and
development of drug resistance in the plasma relative to the
GT, particularly with the use of new classes of antiretroviral
drugs. With increasing interest in a possible ‘‘cure’’ for HIV,
understanding HIV compartmentalization, latency, GT drug
levels and tissue penetration, and accumulation of resistant
viruses will be important factors related to elimination of
the HIV.

This study represents a subpopulation of treatment-expe-
rienced HIV-infected women who continue to fail HAART
with detectable PVL and GT HIV-1 RNA following a change
in treatment regimens most likely due to adherence problems.
Hence, findings from this subpopulation of women may not
be generalizable to the wider population of HIV-infected pa-
tients enrolled in care and seeking HAART. The findings may
be applicable to clinic cohorts of treatment-experienced HIV-
infected women receiving HAART but failing therapy; how-
ever, since the time of this study, treatment options have
continued to improve. HAART-experienced women with
accumulating drug resistance may be at risk of transmitting a
resistant virus to their sex partners.
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