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Abstract
Background—New HIV-1 infections are increasing in older American women largely through
heterosexual transmission. Activated CD4+ T-cells and CCR5 expression are linked to HIV-1
susceptibility, but whether these parameters are altered in the cervix of older women is unknown.

Methods—Whole blood and in some instances endocervical brush samples were collected from
healthy premenopausal (n=22) and postmenopausal women (n=24). Percentages of HLA-DR(DR)
+CD38(38)+CD4+ T-cells, and HIV-1 chemokine coreceptor expression were determined by flow
cytometry.

Results—Percentages of DR+38+CD4+ T-cells were 6-times greater in cervix (median, 6.4%)
than blood (median, 1.1%; p<0.001), but did not differ within each compartment between
premenopausal and postmenopausal women (p=0.2). Postmenopausal women had greater
percentages of CCR5+CD4+ and CCR5+DR+38+CD4+ T-cells compared to premenopausal
women in cervix (median, 70% vs. 42%, p=0.005; and 80% vs. 57%; p<0.05, respectively) and
blood (medians, 22% vs. 13%, and 76% vs. 62%, respectively; p<0.001). Postmenopausal women
had more CCR5 molecules on cervical DR+38+CD4+ T-cells (median, 3,176) than premenopausal
women (median, 1,776; p=0.02). Age and percent CCR5+CD4+ and CCR5+DR+38+CD4+-cells
were linearly related in cervix (r2=0.47, p<0.001 and r2=0.25, p=0.01, respectively) and blood
(r2=0.20, p=0.001 and r2=0.31, respectively; p<0.001), but confounding of age with menopause
could not be excluded. Cervical CXCR4 expression did not differ substantially between
premenopausal and postmenopausal women.

Conclusions—Elevated cervical CCR5 expression in postmenopausal women may increase
their risk for HIV-1 acquisition. Studies are needed to confirm whether elevated CCR5 expression
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confers increased HIV-1 susceptibility in postmenopausal women, and if it is related to hormonal
or nonhormonal effects of aging.

BACKGROUND
Almost half of the 33 million individuals infected with HIV-1 in the world are women, and
approximately 300,000 of these women reside in North America.1 Most HIV-1 seropositive
women acquired HIV-1 through heterosexual sex, and the majority are of reproductive age.1
Nevertheless, epidemiologic studies suggest that HIV-1 is more readily transmitted
heterosexually to older compared to younger women. Specifically, a European study
evaluating HIV-1 discordant couples found that women over age 45 years had almost a 4-
fold higher risk of HIV-1 acquisition compared to women less than 45 years.2 Less frequent
condom use,3 lack of awareness of risk, and difficulty discussing sex with a partner4 may
contribute to some of the observed increases in new HIV-1 infections in older women.
Nonetheless, the finding that ovariectomized macaques are more susceptible to SIV
infection than those with intact ovaries, which is reversed by exogenous estrogen5–6

supports a biologic mechanism. Although thinning of the vaginal and cervical mucosa that
occurs with menopause7 has been proposed as a risk factor for retroviral transmission,
whether there are other menopause- or age-related effects on the immunologic milieu of the
cervix contributing to HIV-1 acquisition in older women is unknown.

Endocervical CD4+ T-cells play a pivotal role in heterosexual transmission of HIV-1. In
non-human primates, the endocervix was the first tissue infected after intravaginal
inoculation of SIV and the major virus-producing cells were T-cells.8–9 Furthermore, CD4+
T-cells are the first cells to become productively infected with HIV-1 in cervical tissue
explants.10–11 In vivo, endocervical CD4+ T-cells are believed to be particularly vulnerable
to infection because they are located within or below a single-layer columnar epithelium,
whereas ectocervical and vaginal cells lie under a thicker, stratified squamous
epithelium.12–13 HIV-1 requires chemokine receptors, either CCR5 or CXCR4, to enter a
cell. Cell surface CCR5 expression on CD4+ T-cells is associated with increased HIV-1
susceptibility both in vitro and in vivo.11, 14–16 Co-expression of the activation markers
HLA-DR(DR) and CD38(38) on CD4+ T-lymphocytes is also linked to HIV-1
susceptibility.17–18 Whether expression of CCR5 or activation markers on CD4+ T-cells is
elevated in the endocervix of postmenopausal women and may contribute to HIV-1
acquisition in this group is unknown.

The present study was undertaken to evaluate whether differences in expression of HIV-1
chemokine coreceptors or activation markers on CD4+ T-cells exist between premenopausal
and postmenopausal women. We hypothesized that percentages of activated CD4+ T-cells
and expression of CCR5 on CD4+ T-cells are elevated in both the endocervix and blood of
healthy postmenopausal compared to premenopausal women.

METHODS
Study Subjects and Clinical Specimens

Premenopausal women with normal menstrual cycles (>26 days, <32 days) and
postmenopausal women with no menses for at least twelve months were recruited from the
Denver metropolitan area; some were identified by co-enrollment in other studies. Criteria
for enrollment included the absence of medical problems, absence of a history of genital
ulcer disease, and no use of exogenous sex hormones for at least 6 months. Samples from
premenopausal women were collected during the follicular phase (day 1 to 5) and confirmed
by serum progesterone and estradiol concentrations (Beckman-Coulter Access II
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Immunoassay). Informed consent was obtained from all subjects. Studies were approved by
the Colorado Multiple Institutional Review Board.

Whole blood and endocervical brush samples were collected by a single investigator.
Cervical samples were collected in a subset of subjects because speculum examinations
were declined by some subjects and prohibited by some studies in which subjects were co-
enrolled. During a speculum examination, first swabs were collected for subsequent
evaluation by direct microscopy for clue cells, Trichomonas, and Candida and by nucleic
acid amplification for C. trachomatis and N. gonorrhea. Next, cells were collected from the
endocervical canal using a cytobrush.19 Herein, endocervical cells will be subsequently
referred to as cervical cells. If blood was observed in the vaginal canal, it was removed with
cotton swabs as described by others prior to obtaining samples.19 Subjects with a vaginal
infection were excluded from analyses.

Flow Cytometry
Within one hour of collection, blood and cervical cells were stained with antibodies to CD3-
PEcy5 (BD Biosciences), CD4-APC-H7 (BD Biosciences), CD38-FITC (Invitrogen Life
Science), HLA-DR-APC (BD Biosciences), and CCR5-PE or CXCR4-PE (BD Biosciences
with known 1:1 PE:antibody ratio). Data were acquired using a LSR II flow-cytometer (BD
Immunocytometry Systems) and analyzed using FlowJo (Tree Star). QuantiBRITE beads
(BD Biosciences) were used to determine the mean number of CCR5 or CXCR4 molecules
(mol) on the surface of lymphocytes as previously described.20 If there were insufficient
numbers of cervical cells to stain for both HIV-1 coreceptors, cells were only stained for
CCR5.

CCR5 delta 32 Genotyping
DNA was extracted from peripheral blood mononuclear cells using a Qiagen Blood and
Tissue Kit andpolymerase-chain-reaction was performed using the following primers: sense,
5′ TGGTGGCTGTGTTTGCGTCTC 3′; antisense, 5′ AGCGGCAGGACCAGCCCCAAG
3′ (Integrated DNA Technologies).21 Results were confirmed by running plasmid DNA for
wild type CCR5 and delta 32 CCR5 (gift from Robert W. Doms, M.D., Ph.D., University of
Pennsylvania) in parallel.

Statistical Analysis
All statistical analyses assumed a two-sided significance level of 0.05 and were performed
using GraphPad Prism 5.04. Fisher’s exact test was used for comparisons of categorical
outcomes. Continuous outcomes were compared using nonparametric t-tests (Mann-
Whitney, Wilcoxon signed rank). Ordinary least squares regression (SAS, SAS Institute,
Inc.) was used to evaluate the relationship between CCR5 expression and age.

RESULTS
Characteristics of Study Subjects

Twenty-four postmenopausal and 22 premenopausal women were included in this study.
Consistent with study design the median age of postmenopausal women was 56 years
(range, 50–56 years), which was significantly higher than that of premenopausal women
(34; range, 23–49 years; p<0.001). Postmenopausal women experienced last menstrual cycle
a median of 3.5 years (range, 1–17 years) prior to study. The majority of postmenopausal
and premenopausal women (median, 71% and 86%, respectively) were white and there were
no significant differences in racial distribution (p=0.23). There were no significant
differences in percentages of premenopausal versus postmenopausal subjects heterozygous
for the CCR5 delta 32 mutation (median, 23 vs. 13%, respectively; p=0.26).
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Activated CD4+ T-cells in Blood and Cervix
Percentages of DR+38+CD4+ T-cells were higher in the cervix (median, 6.4%; 95%CI, 5.2–
16%, n=19) than blood (median 1.1%; 95%CI, 1.1–1.7%, n=46, p<0.001). Percentages of
DR+38+CD4+ T-cells did not significantly differ in postmenopausal versus premenopausal
women in the blood (median, 1.2%, 95%CI, 1.1–1.8%, n=24 vs. median, 1.0%, 95%CI, 0.9–
1.7%, n=22; p=0.2) or cervix (median, 4.7%, 95%CI, 0.7–12.9%, n=6 vs. median, 7.4%,
95%CI, 4.6–20.1%, n=13; p=0.2).

HIV-1 Chemokine Coreceptor Expression in Whole Blood and Cervix
Percentages of HIV-1 chemokine receptor expressing cells as well as density of chemokine
receptors were measured on CD4+ T-cells and DR+38+CD4+ T-cells in the whole blood
and cervix (Table 1). Figure 1 shows representative flow cytometry plots of CCR5 on
cervical and blood CD4+ and DR+38+CD4+ T-cells from one subject. Percentages of
CXCR4+ cells were significantly higher than percentages of CCR5+ cells on CD4+ T-cells
in blood and cervix, as well as cervical DR+38+CD4+ T-cells. There were no significant
differences between the coreceptors in terms of density of expression on CD4+ T-cells in
blood or cervix. On activated CD4+ T-cells, CXCR4 density was 1.7-fold higher than CCR5
density in the cervix, whereas CCR5 density was higher than CXCR4 density in the blood.
Comparison between CD4+ T-cells and activated CD4+ T-cells revealed that percentages of
CCR5+ cells (median, 69%) and density of CCR5 expression (median 4,166 mol/cell) was
significantly higher on activated CD4+ T-cells compared to total CD4+ T-cells in blood
(medians, 18% and 2,384 mol/cell, respectively; p<0.001). In the cervix, there was a trend of
higher percentages of CCR5, but not density, on activated CD4+ T-cells compared to total
CD4+ T-cells (p=0.068 and p=0.5). Neither percentages of CXCR4+ cells nor density of
CXCR4 differed significantly between total and activated CD4+ T-cells in the blood or
cervix (p≥0.4) except that percentages of CXCR4+ cells were lower on activated compared
to total CD4+ T-cells in the blood (p<0.001).

For women in whom simultaneous blood and cervical measurements were obtained (Table
2) percent CCR5 expression was 3-fold higher on cervical CD4+ T-cells compared to blood
CD4+ T-cells. There were no differences, however, in density of CCR5 molecules or
CXCR4 percentages or density between CD4+ T-cells in blood and cervix. CCR5 was
highly expressed on activated CD4+ T-cells, over 50% expressing CCR5. Density of CCR5
was lower on activated cervical CD4+ T-cells compared to blood. CXCR4 was expressed by
a significantly higher percentage of activated CD4+ T-cells in the cervix compared to blood,
but CXCR4 density did not differ between these cells.

Differences in HIV-1 Chemokine Coreceptor Expression Between Premenopausal and
Postmenopausal Women

In the whole blood, there were significantly higher percentages of CCR5+CD4+ T-cells
(median, 22% versus 13%) and CCR5+DR+38+CD4+ T-cells (median, 76% versus 62%) in
postmenopausal compared to premenopausal women (Figure 2A, 2B). In the cervix, there
were even greater differences in percentages of CCR5+ cells between postmenopausal and
premenopausal women on CD4+ T-cells (median, 70% versus 42%) and DR+38+CD4+ T-
cells (median, 80% versus 57%) (Figures 2E, 2F). There were no significant differences
between premenopausal and postmenopausal women in the mean number of CCR5
molecules on whole blood CD4+ T-cells or activated CD4+ T-cells (Figure 2C, 2D). The
concentration of CCR5 on cervical CD4+ T-cells tended to be higher in postmenopausal
(median, 3,427 mol/cell) compared to premenopausal women (median, 2,091 mol/cell)
(Figure 2G), and postmenopausal women had significantly more CCR5 molecules on
activated cervical CD4+ T-cells (median, 3,176 mol/cell) than premenopausal women
(median, 1,776 mol/cell) (Figure 2H).
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In the blood, percentages of CXCR4+CD4+ T-cells were slightly, but significantly, higher
in postmenopausal (median, 88%; 95%CI, 81–90%) compared to premenopausal women
(median, 81%; 95%CI, 72–85%; p=0.04), but there were no differences in CXCR4
expression in the activated subset (median, 43% vs. 44%, respectively, p=0.8).
Postmenopausal women tended to have a higher percentage of cervical CXCR4+CD4+ T-
cells than premenopausal women (median, 87% versus 67%; p=0.2). Percentages of
CXCR4+DR+38+CD4+ T-cells in the cervix and density of CXCR4 on CD4+ T-cells from
the blood or cervix did not differ between postmenopausal and premenopausal women (data
not shown).

Relationship of Age to HIV-1 Coreceptor Expression
To further investigate differences in HIV-1 coreceptor expression between premenopausal
and postmenopausal women, data were analyzed to determine the relationship between age
and CCR5 or CXCR4 expression. There was a linear relationship between age and
percentages of CCR5+CD4+ T-cells and CCR5+DR+38+CD4+ T-cells in both whole blood
and cervix (Figure 3). Using an adjusted model, it could not be determined if the linear
relationship between percent CCR5 expression and age was due to menopause or the aging
process. There were no significant linear relationship between age and percentages of
CXCR4+ cells or density of CXCR4 expression on total or activated CD4+ T-cells in blood
or cervix (data not shown).

DISCUSSION
This is the first study to investigate expression of the activation markers HLA-DR and
CD38, and HIV-1 chemokine coreceptors on blood and cervical CD4+ T-cells in
premenopausal and postmenopausal women. CD4+ T-cells in the cervix were found to have
several characteristics that would support HIV-1 transmission including elevated immune
activation compared to blood and high levels of expression of both CCR5 (median, 47%)
and CXCR4 (median, 75%). Percentages of activated cells and CXCR4 expression did not
differ substantially between premenopausal and postmenopausal women in either blood or
the cervix. However, postmenopausal women had significantly higher expression of CCR5
in both blood and cervix. These findings suggest that postmenopausal women may be at
greater biologic risk of R5 HIV-1 acquisition than premenopausal women.

Activated CD4+ T-cells have been linked to increased risk of HIV-1 infection,17–18 although
mechanisms underlying this association are not fully understood. In the present study, we
observed that percentages of DR+38+CD4+ T-cells were six-times higher in the cervix than
in the blood of healthy HIV-1 seronegative women, consistent with two other small
studies.22–23 Reasons for higher proportions of activated CD4+ T-cells in the cervix are
unknown, although, higher percentages of memory T-cell populations are found in the
cervix than blood.24–25 It has been proposed that elevated immune activation in the cervix is
a result of antigenic stimulation.26 A strength of this study was that women were screened
and excluded if they were found to have a vaginal infection, which can increase DR and 38
expression in the cervix.27 Nevertheless, antigens, from vaginal flora are present in all
women, and may contribute to levels of immune activation and CCR5 expression. This is
the first study to measure CCR5 and CXCR4 on DR+38+CD4+ T-cells in the cervix. A prior
study evaluating 12 premenopausal women demonstrated higher percentages of
CCR5+CD4+ cells in the cervix compared to blood.22 In addition, a study of Rhesus
macaques demonstrated over 4-fold higher CCR5 expression in vaginal compared to blood
CD4+ T-cells.26 Our results build on these prior studies, showing that the majority of
activated CD4+ T-cells in the cervix expressed CCR5 and CXCR4. These data suggest that
activated cervical CD4+ T-cells may be highly susceptible to HIV-1 infection due to high
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levels of expression of both HIV-1 coreceptors, which may account for the association of
activated CD4+ T-cells with HIV-1 transmission.

The relationship between menopause and percentages of activated blood and cervical CD4+
T-cells was evaluated for the first time in this study. Declines in ovarian sex hormone
production28 and aging29 have been linked to increases in proinflammatory cytokines
including, TNF-α and IL-6. Interestingly, we found no significant differences in percentages
activated CD4+ T-cells between premenopausal and postmenopausal women in either the
blood or the cervix. These findings are consistent with those of a previous study that
reported no age-related differences in percentages of DR+38+CD4+ T-cells in blood of
either healthy HIV-1 seronegative individuals or HIV-1-infected individuals,30 and further
extends these observations to the female genital tract.

An important determinant of HIV-1 susceptibility is CCR5 expression on CD4+ T-cells.
Levels of CCR5 expression correlate with cellular susceptibility, in vitro.31–33 Furthermore,
individuals heterozygous for the CCR5 delta 32 mutation, which is associated with lower
levels of CCR5 expression, may be less susceptible to HIV-1 acquisition.15 In the present
study, substantially higher percentages of CCR5+CD4+ T-cells and CCR5+DR+38+CD4+
T-cells were observed in postmenopausal compared to premenopausal women in both blood
and the cervix. Density of CCR5 molecules was also elevated on activated cervical CD4+ T-
cells of postmenopausal women. The relative importance of percentages of CCR5+ cells and
density of CCR5 molecules in HIV-1 transmission and replication is somewhat
controversial. Several in vitro studies suggest concentrations of CCR5 molecules are the
most important determinant of HIV-1 susceptibility,31–33 and one group reported that
concentrations of CCR5 molecules on peripheral blood CD4+ T-cells correlate with viral
load.34 Nonetheless, data from our lab35 suggest that CCR5 percentages and density are both
important determinants; in lymph node cells from untreated R5-tropic HIV-1-infected
individuals, percentages of CCR5+ cells and numbers of CCR5 molecules per cell predicted
the amount of HIV-1 RNA levels within subsets of cells defined by DR and 38 expression.
Extrapolation of existing data on the role of CCR5 in HIV-1 transmission and chronic
infection suggests that elevated percentages of CCR5+ target cells and density of CCR5 in
postmenopausal women may increase their vulnerability to HIV-1 acquisition as well as
contribute to higher levels of virus replication following HIV-1 infection.

Mechanisms underlying differences in percentages of CCR5+CD4+ T-cells in
postmenopausal and premenopausal women are unclear. Estrogen and progesterone
receptors have been demonstrated on T-cells28, 36 and the CCR5 promoter contains hormone
response elements, supporting transcriptional control of CCR5 by sex hormones.37 In
oophorectomized mice38 receiving exogenous estrogen (blood levels 150–200 pg/mL) and
in women receiving oral contraceptives,39 CCR5 expression on CD4+ T-cells was increased,
opposite to the effect on CCR5 expression in women with physiologically low estrogen
observed in the current study. Nevertheless, the effect of sex hormones on immune
modulators may change over the lifespan40 and therefore it is difficult to directly extrapolate
these studies to hormonal effects in menopause.

Alternatively, immune changes related to aging could account for heightened CCR5
expression in postmenopausal women. Prior studies have shown CCR5 RNA is higher in
blood of older compared to younger mice41 and blood CD4+ T-cells of older compared to
younger men and women.40 Although one group found that the percentage of CCR5+CD4+
T-cells was not significantly different between older and younger HIV-1-infected
individuals,30 these results should be viewed with caution because some specimens were
shipped overnight prior to analysis, a process known to downregulate CCR5 expression.
Importantly, if age rather than sex hormones underlies the increased CCR5 expression
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observed in the present study, older women and men may be at increased risk of HIV-1
acquisition.

CXCR4 levels have not been associated with HIV-1 transmission, although they are linked
to HIV-1 susceptibility in cell lines.42 In the present study, percentages of CXCR4+ were
higher than CCR5+ cells on total and activated cervical CD4+ T-cells. It has been
hypothesized that lower density of CXCR4 compared to CCR5 may account for preferential
R5 virus transmission.42 Nevertheless, CXCR4 density was similar to or higher than CCR5
density on cervical lymphocytes in the present study. Thus, these findings support the
hypothesis that there are multiple factors contributing to preferential R5 virus transmission13

and that coreceptor expression is not the only restriction factor. Intriguingly, recent studies
suggest that seminal plasma induces increased CCR5 expression on CD4+ T-cells and
thereby may promote R5 over X4-tropic HIV-1 transmission.43

One limitation of our study is that flow cytometry provides relative percentages, not
absolute numbers of cells. HIV-1 susceptibility likely relates to the absolute number of
available target cells in cervical tissue, not just relative percentage within CD4+ T-cells.
Absolute numbers of blood CD4+ T-cells do decline after age 65 years,44 but women
included here were younger. Further, it is unclear whether absolute CD4+ T-cell count from
the blood translates to absolute numbers in mucosal tissue. Future research should be
directed at evaluating absolute numbers of CCR5+ cells within cervical tissues of
premenopausal compared to postmenopausal women. Another shortcoming was that the
present study only evaluated CCR5 expression in the endocervix. Nevertheless, there are
other sites in the female genital tract where CCR5+ T-cells are present and HIV-1
transmission may occur including the vagina,26, 45 the ectocervix,45 and the endometrium.46

Further studies are needed to determine whether differences between premenopausal and
postmenopausal women in CCR5 expression on CD4+ T-cells are also found in other areas
of the female genital tract. Final limitations of the present study are that our observations are
phenotypic and the sample size of cervical data from postmenopausal women is small.
Further studies are needed to confirm our observations and demonstrate whether these
differences in CCR5 expression result in true differences in how readily HIV-1 is
transmitted to postmenopausal women. Importantly, a recent study demonstrated enhanced
HIV-1 replication in ectocervical explants obtained from postmenopausal compared to those
from premenopausal women, supporting the hypothesis that elevated CCR5 expression in
postmenopausal women may result in differential HIV-1 susceptibility.47

Currently an estimated 50 million American women are postmenopausal48 and
approximately 21 million more women will reach menopause in the next 10 years.49 These
data suggest increasing numbers of postmenopausal women will be exposed to HIV-1
infection in the next decade. Indeed, new HIV-1 infections are already increasing in older
women compared to younger women in the United States; from 1999 to 2004, numbers of
new diagnoses increased by 28% in women over 40 years old whereas they decreased by
13% in women between the ages of 13 and 39.4 Importantly, our study suggests that
postmenopausal women are likely to be at greater biologic risk of HIV-1 acquisition than
reproductive-age women. One of the major priorities of the National HIV/AIDS Strategy is
to lower the annual number of new infections by 2015.50 The present study underscores the
urgent need to better understand the impact of sex hormones and aging on HIV-1
acquisition, and mechanisms underlying differential risk in order to design appropriate
public health messages and effective prevention measures for this older population.
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FIGURE 1.
Representative flow cytometry plots of (A) cervical cells and (B) whole blood acquired from
the lymphocyte gate of the forward-scatter versus side-scatter profile. Gates for HLA-DR,
CD38, and CCR5 were set with Fluorescence Minus One (FMO) controls. CD3+CD4+ cells
were defined in a dot plot then evaluated in a CD38 versus HLA-DR plot. CCR5 expression
was evaluated on cells from CD3+CD4+ and CD38+HLA-DR+ quadrants using a
histogram. Data were analyzed and compensated using FlowJo Software (Treestar).

Meditz et al. Page 11

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 2.
Percentages of CCR5 and number of CCR5 molecules on CD4+ T-cells and DR+38+CD4+
T-cells in the whole blood (A-D) and cervix (E-H) from healthy postmenopausal and
premenopausal women. Horizontal lines indicate median values.
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FIGURE 3.
Age and CCR5 expression on CD4+ and activated CD4+ T-cells had a significant linear
relationship in the whole blood (A, B) and cervix (C,D). Lines generated by ordinary least
squares regression.
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TABLE 1

Chemokine Coreceptor on Total and Activated CD4+ T-cells in Whole Blood and Cervix

CCR5 (95%CI) CXCR4 (95%CI) p value

Whole Blood

 CD4+ a % 18 (17–25) 84 (78–85) <0.001

Mol/cell 2,384 (2,295–2,953) 2,487 (2,416–2,930) 0.6

 DR+38+ b % 69 (63–73) 44 (42–54) <0.001

Mol/cell 4,166 (3,721–4,923) 2,396 (2,339–3,641) 0.012

Cervix

 CD4+c % 47 (36–56) 75 (70–83) <0.001

Mol/cell 2,224 (2,002–3,872) 2,724 (2,846–6,650) 0.3

 DR+38+d % 59 (48–70) 81 (69–86) 0.016

Mol/cell 2,045 (1,757–3,584) 3,416 (3,048–12,620) <0.001

a
n=45;

b
n=43;

c
CCR5 n=25, CXCR4 n=22;

d
CCR5+ n=22, CXCR4+ n=20
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TABLE 2

Comparison of HIV-1 Coreceptor Expression on CD4+ T-Cells in Paired Cervical and Whole Blood Samples

Cervix Whole Blood

p valueMedian (95%CI) Median (95%CI)

CD4+ T cells

 CCR5a % 50 (40–60) 16 (13–26) <0.001

Mol/cell 2,211 (1,920–3,865) 2,422 (2,237–2,938) 0.7

 CXCR4b % 75 (70–83) 81 (72–85) 0.4

Mol/cell 2,724 (2,846–6,660) 2,253 (2,162–2,793) 0.3

DR+38+CD4+T cells

 CCR5c % 62 (52–74) 68 (64–77) 0.1

Mol/cell 2,106 (1,649–3,106) 4,305 (3,406–5,074) 0.001

 CXCR4d % 81 (69–88) 41 (37–58) <0.001

Mol/cell 3,416 (2,118–12,660) 2,056 (1,958–4,190) 0.1

a
n=24,

b
n=22,

c
n=17,

d
n=16
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