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Abstract

Alcohol abuse is a widespread problem among those at risk for and living with HIV and can impact transmission
and disease progression. In this study we sought to use the simian immunodeficiency virus (SIV)-macaque model
to evaluate the immunological and virological changes in the genital microenvironment of females exposed to
chronic alcohol. Female rhesus macaques were treated with alcohol (n = 6) or isocaloric sucrose (n = 6) for 3
months and then inoculated with SIVmac251. To assess the effects of chronic alcohol on SIV disease and the genital
microenvironment, we quantified plasma and genital SIV levels, measured inflammatory cells in genital fluids,
and characterized microbial flora by gram stains over 10 weeks post-SIV infection. Following 3 months of
alcohol/sucrose treatment, significant differences were observed in the vaginal microenvironment of alcohol-
treated animals as compared to controls. Microbial flora of alcohol-treated animals had decreased levels of
lactobacillus morphotypes and increased levels of gram-positive cocci relative to sucrose controls. Alcohol-treated
animals were also more likely to have white blood cells in vaginal fluids prior to SIV inoculation, which persisted
through viral set point. Similar levels of cell-free SIV were observed in plasma and vaginal fluids of both groups,
but alcohol-treated animals had a higher incidence and levels of cell-associated SIV shed in vaginal secretions.
Chronic alcohol treatment negatively impacts the genital microenvironment prior to and over the course of SIV
infection and may increase the risk of genital virus shedding and transmission.

Introduction

Approximately 35 million people are infected with
human immunodeficiency virus (HIV) worldwide, and

women comprise 50% of the cases.1 Among the HIV + pop-
ulation, alcohol consumption is more common than that ob-
served in the general population, with some studies reporting
that more than 50% of HIV + individuals chronically abuse
alcohol.2–5 Additionally, one study found 40% of young
women (ages 15–24) at risk for sexually transmitted infec-
tions (STIs) participate in alcohol binge drinking.6 Currently,
the majority of HIV infections occur through sexual trans-
mission, and alcohol use is associated with high-risk sexual
behavior, particularly among HIV + women.7–14

High plasma viral load (PVL) and genital HIV expression
in women are both independently associated with an in-

creased likelihood of sexual and mother-to-infant HIV
transmission.15–17 The presence of STIs and ulcerative gen-
ital lesions has been associated with higher levels of HIV in
genital secretions and, therefore, an increased risk of HIV
transmission.18–20 Similarly, bacterial vaginosis (BV), con-
sisting of low levels of lactobacilli, increased quantities of
anaerobic bacteria, and high vaginal pH (pH > 4.5), has been
associated with increased genital HIV levels and higher
transmission rates in comparison to women with normal
flora.21–25 Increased PVL has been correlated with higher
levels of genital HIV; however genital HIV shedding also
occurs among women with undetectable PVL, suggesting
local HIV reservoirs.26,27 HIV in the genital tract can be
detected as free virions or provirally infected cells within
cervical or vaginal fluids.28 Other factors have also been
associated with increased genital virus levels, including local
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inflammation, decreased penetration of antiretroviral therapy
(ART) in the genital tract, and alcohol use.29–32

Many studies have associated chronic alcohol abuse with
increased transmission, higher plasma viral load, and disease
acceleration; however, the mechanisms by which this occurs
are poorly defined.33–36 Studies have shown chronic alcohol
use impairs host defenses against HIV and stimulates proin-
flammatory cytokines.37–40 Additionally, alcohol may alter
the genital microbial flora, as one study correlated alcohol
abuse with decreased levels of lactobacilli in the vaginal
tract.41 Increased HIV shedding in vaginal secretions of
women who abuse alcohol has also been observed, which has
serious implications for viral transmission.7,32

The widespread use of alcohol and the potential impact on
HIV transmission are important public health concerns. De-
ciphering mechanisms by which alcohol affects HIV trans-
mission among women is difficult due to the variation in
alcohol consumption and behaviors of individuals. The simian
immunodeficiency virus (SIV)-infected rhesus macaque ex-
posed to chronic binge alcohol (CBA) is an ideal model to
decipher these potential mechanisms because controlled
amounts of alcohol are delivered and changes in the genital
microenvironment can be evaluated in the absence of addi-
tional confounding behavioral factors.35,36 Previous studies
with male macaques have associated CBA with increased
plasma viral loads and more rapid disease progression.35,36

The goal of this study was to evaluate how CBA affects HIV
levels and the genital microenvironment over the initial dis-
ease course in females, using the SIV-macaque model.

For this study, we utilized 12 female rhesus macaques
treated with alcohol or isocaloric sucrose and inoculated with
SIVmac251 and assessed the effects of CBA on the female
genital tract. Plasma and genital viral levels, genital inflam-
matory cells, and microbial flora were evaluated through 10
weeks postinoculation (p.i.). Although significant differences
were not observed in cell-free plasma and genital viral loads,
higher levels of cell-associated SIV were found in vaginal
secretions from alcohol-treated macaques as compared to
controls. The most significant differences in the genital mi-
croenvironment were observed after 3 months of alcohol and
prior to SIV infection. These included decreased levels of
lactobacilli morphotypes, increased levels of gram-positive
cocci, and increased vaginal white blood cells (WBCs) in
alcohol-treated animals, which persisted through 10 weeks
p.i. This study identifies potential mechanisms by which al-
cohol may change the genital microenvironment and increase
HIV shedding in genital secretions. Additionally, it estab-
lishes the utility of this model to evaluate how CBA affects
susceptibility to HIV, as well as HIV prevention and thera-
peutic strategies.

Materials and Methods

Animals

For these studies, 12 female rhesus macaques (Macaca
mulatta) of Indian origin were obtained from the breeding
colony at the Tulane National Primate Research Center
(TNPRC) in Covington, Louisiana. The Institutional Animal
Care and Use Committees at TNPRC and Louisiana State
University Health Sciences Center, New Orleans (LSUHSC-
NO) approved all procedures, and TNPRC is an AAALAC
International accredited institution. Healthy, age-matched

female macaques (4–11 years) were selected for the study
and housed at TNPRC as previously detailed.36 Intragastric
catheters were surgically implanted for alcohol (ALC) or
sucrose (SUC) administration as described.36 Macaques
received daily intoxicating doses of ethanol (to achieve 50–
60 mM blood alcohol concentration) or isocaloric sucrose
via gastric catheter beginning 3 months prior to SIV inoc-
ulation and continued throughout the duration of the
study.36 Animals received twice-daily checks and weekly
physical examinations, including assessments of cervical
friability, vaginal discharge, and vaginal bleeding. Men-
strual cycling was evaluated based on daily observations of
vaginal bleeding.42

SIV inoculation and sample collection

After 3 months of daily alcohol or sucrose delivery, fe-
males were intrarectally inoculated with 250 TCID50 of
SIVmac251. Four sucrose-treated animals were not infected
with the initial inoculation and were reinoculated in-
trarectally with the same dose. Two of these animals failed to
become infected after the second intrarectal challenge, and
they were successfully infected by intravenous inoculation
with the same dose. Samples of peripheral blood were col-
lected and plasma aliquots were preserved.43 Vaginal speci-
mens were collected using polyester-tipped swabs following
the insertion of a speculum. Specimens collected during
menses were not utilized. One vaginal specimen was smeared
onto a glass slide, heat-fixed, and used for microscopic
evaluations. A second vaginal swab specimen was eluted into
RNAlater solution (Life Technologies, Carlsbad, CA) for
virion and cell preservation and subsequent viral load quan-
tification. Genital fluids eluted into RNAlater solution were
preserved overnight at 4�C, and then separated into cellular
and supernatant fractions before storage at - 70� C. Vaginal
fluids eluted into RNAlater solution were diluted 1:1 with
phosphate-buffered saline (PBS) prior to freezing. Samples
of endocervical cells were obtained by insertion and rotation
of a cytobrush into the cervical os. Cells were eluted into
RPMI medium for immediate analysis of cell types.

Viral load and T cell quantification

Plasma, vaginal, and cell-associated SIV levels were
quantified using a sensitive real-time polymerase chain re-
action (PCR) assay that targets the gag gene of SIV as de-
scribed.44 Briefly, viral RNA was isolated from 1 ml of
plasma or 0.5 ml vaginal fluids by high-speed centrifugation,
reverse transcribed; viral sequences were then amplified by
PCR with a TaqMan assay (Life Technologies) and quanti-
fied using SIV gag RNA standards. The limit of quantifica-
tion is 50 copies/ml. DNA was isolated from the cellular
fraction of vaginal specimens and quantified similarly using
DNA standards. The cellular fraction contained both epi-
thelial and immune cells. SIV DNA copies were normalized
to total vaginal cell numbers determined by amplification of a
cellular target. Samples with undetectable virus levels were
assigned a value of 25 copies/ml for viral RNA measures and
1 copy/100,000 cells for viral DNA. Peripheral blood T-
lymphocytes were quantified from whole blood samples by
using fluorochrome-conjugated monoclonal antibodies
against human phenotypic cell surface antigens followed by
flow cytometric analysis as previously described.45
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Gram stain

Slides containing vaginal secretions were gram stained (BD
Diagnostics, Sparks, MD), then analyzed and scored using the
Nugent Scoring System.46 Other bacterial morphotypes that
were frequently identified in rhesus macaques were also quan-
tified in four different fields (1,000 · objective).47,48 Morpho-
types assessed included gram-positive cocci (GPC), gram-
positive diplococci (GPDC), gram-positive cocci in chains
(GPC chains) and gram-positive cocci in clusters (GPC clus-
ters), small gram-variable rods (SGVR), curved gram-negative
rods (CGNR), and large gram-positive rods (LGPR). Morpho-
types were quantified as absent, < 1, 1–4, 5–30, and > 30. These
categories were ranked and relative abundance was calculated
by the rank of a particular morphotype in comparison to the total
rank of all morphotypes present in the specimen.

Genital cell counts

WBCs found in vaginal secretions were quantified from the
gram-stained vaginal smears. Slides with blood contamination
[ > 20 red blood cells (RBC)/field] were not used for white
blood cell (WBC) quantification. The average number of
WBCs found in four fields at 400 · was recorded. Cells con-
tained in endocervical fluid samples were stained with an
Endtz staining method (myeloperoxidase assay) to differenti-
ate the inflammatory cells present.49 An aliquot of the sample
was mixed with benzidine (Sigma, St. Louis, MO) solution and
allowed to incubate briefly at room temperature, followed by
microscopic evaluation using a hemocytometer to enumerate
neutrophils (peroxidase-positive cells) and mononuclear cells
(based on size and morphology). Total cell counts per sample
were reported.

Statistical analysis

Viral load data were log10 transformed for analyses.
Longitudinal response variables were analyzed using a re-
peated measures two-way model with time (week p.i.) being
a repeated factor and treatment (ALC vs. SUC) a fixed effect.

The dependences between observations on the same animal
were modeled by an autoregressive type I model. The de-
nominator degrees of freedom of the approximate F- tests and
t-tests were determined by applying the Kenward–Roger type
method. Unless otherwise stated, the multiple comparisons
significance level was adjusted using the Tukey–Kramer type
inequality. Cellular infiltrate and Nugent score classification
were analyzed with respect to the two treatment groups using
a chi-square test at baseline. The difference in mean bacterial
morphotypes between treatment groups was analyzed prior to
inoculation by t-test. The nominal significance level was set
to 0.05 for all tests. The statistical analysis was carried out
using the SAS Statistical software package Version 9.4

Results

Clinical disease parameters

To evaluate SIV disease progression, levels of virus and
T-lymphocytes in peripheral blood were monitored over a 10-
week period p.i. Mean plasma viral loads did not differ
between the two treatment groups at peak or set point time
periods (Fig. 1A). After 3 months of alcohol treatment, no
differences were detected in the mean levels of both CD4 + and
CD8 + T cells in alcohol-treated and sucrose-treated animals.
Following SIV infection, the mean CD4 + T cell numbers
progressively declined in both groups (Fig. 1B). The mean
levels of CD8 + T cells were unchanged at 2 weeks p.i. in both
treatment groups; however, a significant increase was ob-
served in sucrose-treated animals at 10 weeks p.i. ( p < 0.05)
(Fig. 1C).

Vaginal SIV levels

To evaluate the risk of sexual transmission due to CBA, we
measured cell-free and cell-associated SIV levels in genital
secretions (Fig. 2). In both groups of females, vaginal virus
levels from individual animals fluctuated over time and were
approximately 3.5 logs lower than plasma levels. The mean
levels of cell-free virus shed in vaginal fluids did not differ

FIG. 1. (A) Plasma viral load in six
sucrose and six alcohol-treated ma-
caques were quantified by RT-qPCR
and log10 transformed. Shown are the
peak (2 or 3 weeks p.i.) and set point
(10 weeks p.i.) viral load. Symbols
represent individual viral levels and
lines represent mean group levels. (B)
Levels of CD4 + and (C) CD8 + T-
lymphocytes determined by flow cy-
tometry. Shown are mean cell counts –
SEM from six sucrose and six alcohol-
treated macaques at time points ‘‘0’’
(pre-SIV inoculation at 12 weeks post-
treatment) and 2 and 10 weeks post-
SIV infection.
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between ALC and SUC macaques over the disease course,
with mean SIV RNA levels over 10 weeks of 1,945 and 1,109
copies/ml vaginal fluid, respectively. Cell-associated viral
DNA levels in vaginal fluids also varied in both ALC and
SUC groups, but overall, ALC animals had higher levels of
cell-associated virus as compared to SUC animals. Mean
cell-associated SIV levels over the 10-week period were 103
and 48 SIV DNA copies/100,000 vaginal cells, respectively.
The levels and incidence of infected cells shed in genital
fluids varied between 4 and 6 weeks of SIV in both groups,

but at 4 weeks p.i., ALC animals had higher mean levels of
cell-associated virus p.i. as compared to sucrose-treated an-
imals ( p < 0.006). Over 7 to 10 weeks p.i., vaginal proviral
levels became more stable among individual animals and
remained higher in alcohol-treated animals. Also over this
time frame, the incidence of proviral DNA was higher among
alcohol-treated animals, with 55% (12/22) of samples posi-
tive for SIV as compared to only 22% (5/23) from sucrose
controls. Furthermore, four of six ALC/SIV + females had
persistent shedding evident by SIV detection in at least 75%
of the samples. In comparison, shedding rates were lower
among SUC/SIV + females; one animal had provirus detec-
tion rates of 50% while all others were 25% or lower.

Cervicovaginal cellular infiltrates

Previous studies have associated a proinflammatory state
with CBA,50–52 therefore we sought to evaluate inflammatory
cell changes in the female genital tract (Fig. 3A). We quan-
tified the numbers of WBCs contained in smears of vaginal

FIG. 2. SIV levels in genital fluids quantified in weekly
vaginal fluid samples from six alcohol-treated and six
sucrose-treated animals. Genital samples at the time of
menses were not included. The number of animals with
detectable virus out of the total analyzed at that time point is
shown on the x-axis. Symbols represent viral levels from
individual animals and lines represent mean group levels.
Open symbols and dashed line represent SUC animals, and
closed symbols and solid line represent ALC animals. (A)
Levels of virions shed in the vaginal fluid were quantified
with RT-qPCR on cell-free secretions and expressed as log10

RNA copies/ml of vaginal fluid supernatant. The limit of
quantification (50 copies or 1.7 log) is delineated on the
figure. (B) Levels of cell-associated SIV DNA in the cellular
fraction of vaginal secretions were quantified by qPCR and
expressed as DNA copies/100,000 cells. The limit of quan-
tification was 1 copy.

FIG. 3. Evaluation of immune cells in vaginal fluids in
alcohol and sucrose treated macaques. Symbols represent
individual levels in individual animals and lines represent
mean group levels. (A) Number of WBCs/high power field
(HPF) quantified in vaginal smears (n = 36). One sample/
animal was analyzed at: pre-SIV (9 to 12 weeks post-alcohol
treatment), 4 weeks and 9–10 weeks post SIV infection. (B)
Levels of cervical neutrophils and mononuclear cells con-
tained in cervical samples obtained from brush samplings of
the endocervix in five alcohol and five sucrose treated ani-
mals at 9 or 10 weeks post SIV infection.
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secretions. Prior to SIV infection, vaginal WBCs were not
identified in samples from each of the six sucrose-treated
macaques, but were observed in five of the six alcohol-treated
macaques ( p = 0.006). After SIV infection, WBCs were
persistently found in vaginal fluids from ALC/SIV + females
and levels increased approximately 2-fold by 10 weeks p.i.
WBCs also increased in SUC/SIV + females as the disease
course progressed; however, alcohol-treated macaques con-
sistently had more vaginal WBCs/high power field (HPF) in
comparison to sucrose-treated controls. Overall, vaginal
WBCs were present at relatively low levels ( < 10 WBC/HPF)
in all animals.

As an additional measure of genital inflammation, we
sampled and quantified the cellular populations of the en-
docervix from females at 9–10 weeks p.i. (Fig. 3B). Using
Endtz stain, we determined that the mean number of neutro-
phils in cervical samples was higher in ALC/SIV + animals in
comparison to controls (SUC: 5 · 104 cells vs. ALC: 31 · 104

cells). However, the mean number of mononuclear cells was
similar between both treatments. Throughout the study, none
of the females demonstrated signs of genital tract infections,
cervical friability, malodorous vaginal discharge, or abnormal
vaginal bleeding.

Vaginal flora

The general composition and fluctuations of the genital
microbial flora were evaluated over time to assess the impact
of CBA. Bacterial morphotypes were identified in vaginal
smears using gram stains and the Nugent scoring system,
which is used clinically to diagnose bacterial vaginosis (BV)
in women. The system grades flora into three different clas-
sifications: normal, intermediate, or positive for bacterial
vaginosis.46 Prior to SIV infection, the majority of vaginal
samples from sucrose and alcohol-treated macaques were
classified as intermediate; but 27% of vaginal samples (3/11)
from sucrose-treated macaques were classified as normal in
comparison to none of the alcohol-treated macaque samples
(Table 1). Following SIV infection, the Nugent score clas-
sification in both treatment groups did not significantly
fluctuate over time; however, flora of alcohol-treated ma-
caques was more frequently classified as BV + . A significant
correlation was not detected between Nugent score and
vaginal viral load.

While the Nugent scoring system served as a way to initially
characterize the flora of the macaques, we and others com-
monly observed GPC in the macaque vaginal flora; these were
identified in chains, clusters, as diplococci, or individual
cells.47,48 GPC are not commonly identified in gram stains of
human vaginal secretions designated as normal or BV+ , al-
though they have been noted in women.53 Therefore, we in-
cluded levels of GPC morphotypes in our analyses. Using this
modified Nugent scoring system, we quantified the relative
abundance of various morphotypes. Following 3 months
of treatment, ALC animals had significantly lower mean
levels of LGPR, which are suggestive of Lactobacillus
spp. relative to sucrose ( p < 0.02). We also detected sig-
nificantly higher levels of GPC morphotypes in ALC
animals ( p < 0.01) (Fig. 4).

Further characterization of this morphotype into sub-
categories did not reveal significant differences in the com-
position of GPC among treatment groups (data not shown).

Following SIV infection, there were minor fluctuations in the
relative abundance of bacterial morphotype among the
groups, but significant changes were not observed over time.
At 9–10 weeks p.i., significantly lower mean levels of LGPR
were still observed in ALC/SIV + animals as compared to
SUC/SIV + controls after adjusting for pre-SIV baseline
levels ( p < 0.05).

Discussion

The SIV-infected rhesus macaque model has been instru-
mental in understanding HIV pathogenesis and evaluating
mucosal viral infection.50,54–56 We have extended this model
to evaluate how CBA impacts the genital microenvironment
and SIV disease in females. Following 3 months of chronic
alcohol administration, we were able to longitudinally mon-
itor viral, cellular, and microbial changes for 10 weeks fol-
lowing SIV infection. We observed significant alterations in
the cellular infiltrate and microbial flora in the genital tract of
the alcohol-treated animals as compared to controls, which
may have important implications for genital virus shedding
and sexual transmission of HIV.

Following 3 months of alcohol delivery, but prior to SIV
inoculation, significantly more alcohol-treated macaques had
WBCs in vaginal fluids. After SIV infection, genital cell in-
filtrates increased in both groups of animals, but the alcohol
group consistently had higher vaginal WBCs and cervical
neutrophils. Although the absolute levels of genital cell in-
filtrates in the macaques were low, and never reached levels
that would be clinically significant in women, environment
and behavior were controlled, and the risk of vaginitis due to
infectious agents was minimized. Additional studies using

Table 1. Nugent Score Classification

of 46 Vaginal Samples from 12 Macaques

Preinoculation

Macaque
#

Sample
1

Sample
2

4 Weeks
SIV

Set point
SIV

Sucrose treated
A 3 N/A 4 3
B 3 3 5 4
C 4 4 4 4
Da 4 5 6 6
Ea 5 6 5 5
F 6 6 5 10

Alcohol treated
G 4 4 4 6
H 4 4 6 6
I 4 4 7 5
J 4 6 0 4
K 4 9 7 9
L 7 N/A 8 9

aDelineates animals that were intravenously inoculated.
Preinoculation samples were obtained between 0 and 3 weeks prior

to rectal simian immunodeficiency virus (SIV) inoculation (9–12
weeks after initiation of daily alcohol/sucrose). The remaining
samples were obtained at time points relative to SIV inoculation that
resulted in infection. Samples for set point SIV were obtained at
either 9 or 10 weeks p.i. The Nugent scoring system classifies a score
of 0 to 3 as normal (not bold, not italics), 4 to 6 as intermediate
(italics), and 7 to 10 as bacterial vaginosis (BV)+ (bold).

N/A signifies that samples were unavailable to be analyzed.
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flow cytometry and immunohistochemistry are needed to
more fully characterize the cellular populations in this com-
partment; however, these studies will require tissue biopsy in
order to obtain sufficient cells for analyses.

It is plausible that CBA would exacerbate inflammation and
increase the levels of virus shed into the genital tract in the
presence of a concurrent STD infection. A recent study con-
ducted with SIV-infected male macaques found that animals
exposed to CBA and inoculated with a common respiratory
pathogen, Streptococcus pneumoniae, had enhanced and pro-
longed SIV expression in the lung compartment relative to
controls.43 Coinfections with STDs are commonly observed in

women at risk for HIV and abuse alcohol, therefore future
studies should be designed to evaluate the effect of alcohol on
inflammation and compartmentalized shedding of SIV in the
presence of genital coinfections.

SIV-infected cells in vaginal fluids were detected more
frequently and at higher levels in the alcohol-treated animals
as compared to the sucrose controls. The incidence and levels
of SIV-infected cells were highly variable, and often did not
correlate with cell-free levels in this compartment. The ob-
served differences in proviral DNA levels did not reach sta-
tistical significance over 7–10 weeks p.i., but our sample size
was relatively small and animals were monitored only
through 10 weeks. The increased incidence of vaginal SIV
detection in alcohol-treated macaques may have important
implications for sexual transmission of HIV, since alcohol
abusers also have an increased risk of unsafe sexual prac-
tices.7–13 It is unclear whether free virions or cell-associated
virus play a greater role in initiating mucosal infection.57–60

A recent study using a colon explant model showed that cell-
associated virus (infected lymphocytes) transmits the virus
across the rectal mucosa more efficiently than cell-free vi-
rus.61 Additionally, the levels of HIV-infected cells in breast
milk have been associated with postpartum HIV transmission
via breastfeeding.62–64

Previous clinical studies have associated chronic alcohol
abuse with increased plasma HIV levels,33,65–67 as have
studies with the SIV-infected male rhesus macaque exposed to
chronic alcohol.36 This study in females did not find a signif-
icant effect of CBA on plasma viral load. The male studies,
however, used larger groups of animals (24 to 32), which were
monitored until end-stage SIV. Others have identified sex
differences in which females had lower plasma HIV levels
relative to males during primary HIV infection (controlled for
CD4 + count), although survival and disease progression rates
were similar.34,68,69 Additional long-term studies are needed to
evaluate how CBA influences chronic disease progression in
females and address potential sex differences.

The vaginal flora of rhesus macaques has been characterized
by 16S deep sequencing, and similarities to the flora present in
BV+ women were observed.47 Our study also found that the
majority of samples from both treatment groups were classi-
fied as intermediate to BV+ , although alcohol-treated ma-
caques had more BV+ samples than controls. Several studies
have associated BV with an increased risk of acquiring HIV as
well as higher genital HIV levels in comparison to women with
normal flora.23–25 To more thoroughly characterize the bac-
terial flora from the gram stain, we expanded the Nugent
scoring criteria to quantify the relative abundance of bacte-
rial morphotypes commonly found in rhesus macaques.47,48

Alcohol-treated macaques had significantly greater levels of
GPC morphotypes and significantly decreased levels of LGPR
(suggestive of Lactobacillus spp.) prior to SIV inoculation.

Numerous studies have touted the protective effect of
lactobacilli morphotypes and its prevention against HIV in-
fection; additional studies in the macaque model are needed
to evaluate protective factors within the genital environment,
such as lactic acid.21,24,41,70,71 The adapted Nugent scoring
system provided a novel and efficient tool to longitudinally
compare changes in the macaque vaginal microenvironment,
but it has its limitations. Analyses by 16S deep sequencing
are warranted, as they will allow for quantification and
identification of specific bacterial species, including those
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FIG. 4. Relative abundance of bacterial morphotypes
observed in 70 vaginal samples collected from six sucrose
and six alcohol treated macaques over time. Two pre-SIV
samples were collected from each animal when available
(n = 22, detailed in Table 1). At the remaining indicated time
points, one sample/animal was analyzed. Morphotypes
evaluated included large gram positive rods (LGPR), small
gram variable rods (SGVR), curved gram negative rods
(GNR); gram-positive cocci (GPC) and GPC subtypes,
which include GPC found in chains, clusters, as diplococci,
or individual cells. Levels of morphotypes found in alcohol
and time-matched sucrose controls were compared at
baseline (*LGPR p < 0.02, #GPC p < 0.01); at 10 weeks p.i.,
comparisons were adjusted for pre-SIV baseline levels
(^LGPR, LSmeans = 0.341, stderr = 0.149, p < 0.05).
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that have been implicated in increased rates of HIV and SIV
replication.21,22,72,73 Moreover, longitudinal evaluation of
the microbial flora prior to and over the course of alcohol
treatment will allow for a more thorough characterization of
alcohol’s impact amid the diversity present in individual
macaques.

We identified significant differences in the genital micro-
environment of CBA females as compared to controls, which
may influence the susceptibility to HIV/SIV acquisition via
vaginal exposure. The females in this study were inoculated
with SIV via a rectal route as part of our overall study design
for comparison with male macaques similarly exposed to
daily alcohol. Therefore genital inflammation and microflora
composition at the time of SIV exposure could not be directly
related to SIV acquisition. Future studies with CBA females
and low-dose vaginal SIV challenge are needed to directly
address the effects of CBA on HIV/SIV acquisition.

This study provided a unique opportunity to evaluate the
longitudinal effects of alcohol on primary SIV infection in
the periphery and genital compartment under highly con-
trolled conditions using the well-established SIV-infected
rhesus macaque model. Our overall findings suggest that
chronic alcohol consumption negatively impacts the genital
microenvironment by increasing vaginal inflammation, de-
creasing beneficial bacterial species, and increasing adverse
bacterial morphotypes. Further studies are warranted to ex-
amine the mechanisms by which these changes influence
cell-associated virus in the genital compartment.

This model provides an invaluable tool to decipher the
manner in which alcohol alters the genital microenvironment
and impacts SIV transmission. These studies also have im-
portant implications for HIV prevention and the efficacy of
microbicides in reducing viral transmission among alcohol
abusers.
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