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CCR5 Expression Is Reduced in Lymph Nodes
of HIV Type 1–Infected Women, Compared
With Men, But Does Not Mediate Sex-Based
Differences in Viral Loads
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Background. Human immunodeficiency virus type 1 (HIV-1)–infected women have lower viral loads than men
but similar rates of disease progression. We hypothesized that sex-based differences in CCR5 expression mediate
viral load differences.

Methods. CCR5 was analyzed by flow cytometry in disaggregated lymph node cells from untreated HIV-1–
infected women (n = 28) and men (n = 27). The frequencies of HIV-1 RNA–producing cells in the lymph node were
determined by in situ hybridization. Linear and generalized linear regression models were used.

Results. The percentage of CCR5+CD3+CD4+ cells was lower in women (mean, 12%) than men (mean, 16%; P =
.034). Neither the percentage of CCR5+CD3+CD4+ cells nor the CCR5 density predicted viral load or HIV-1 RNA–
producing lymph node cells (P≥ .24), after adjusting for CD4+ T-cell count, race, and age. Women had marginally
fewer HIV-1 RNA–producing cells (mean, 0.21 cells/mm2) than men (mean, 0.44 cells/mm2; P = .046). After
adjusting for the frequency of HIV-1 RNA–producing cells and potential confounders, the viral load in women
were 0.46 log10 copies/mL lower than that in men (P = .018).

Conclusions. Reduced lymph node CCR5 expression in women did not account for the viral load difference
between sexes. CCR5 expression did not predict viral load or frequencies of HIV-1 RNA–producing cells, indicating
that physiologic levels of CCR5 do not limit HIV-1 replication in lymph node. Less plasma virus was associated
with each HIV-1 RNA–producing cell in women as compared to men, suggesting that women may either produce
fewer virions per productively infected cell or more effectively clear extracellular virus.
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Plasma viral load is used to monitor responses to anti-
retroviral therapy (ART) and to assess risk of disease

progression in human immunodeficiency virus type 1
(HIV-1)–infected individuals. Lower viral load in HIV-
1–infected women, compared with HIV-1–infected
men, has been observed throughout the world [1–3].
Viral load differences between the sexes are most pro-
nounced in early disease and wane in more-advanced
stages of infection [1, 2]. Nevertheless, although viral
load is a predictor of disease progression [4], most
studies before the availability of ART did not demon-
strate sex-based differences in rates of disease progres-
sion or death [5, 6]. Reasons for sex-based differences
in viral load and why a lower viral load is not associated
with a slower rate of disease progression in women,
compared with men, are not understood. A better un-
derstanding of the mechanisms underlying sex-based
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differences in viral load could provide important insight into
fundamental principles that govern the relationship between
virus replication and disease progression.

Expression of the HIV-1 chemokine coreceptor CCR5 is
related to the susceptibility to HIV-1 infection. Individuals who
are homozygous for a 32-base-pair deletion (Δ32) in the CCR5
receptor that abrogates cell surface CCR5 expression are resis-
tant to R5 HIV-1 infection [5]. CCR5-Δ32 heterozygotes have
lower cell surface CCR5 expression, lower viral load, and delayed
disease progression [7]. In vitro, the amount of CCR5 on the
CD4+ T-cell surface corresponds to susceptibility to infection
[7–10]. One study demonstrated less CCR5 expression on pe-
ripheral blood CD4+ T cells in seronegative women, compared
with seronegative men [11]. Whether there are sex-based differ-
ences in CCR5 expression in HIV-1–seropositive individuals
and whether these differences account for sex-based differences
in viral load is unknown.

The present study investigated whether differences in CCR5
expression mediate sex-based differences in viral load. Because
most HIV-1 replication occurs in secondary lymphoid tissues
[12–14], we reasoned that there might be sex-based differences
in production of HIV-1 within those tissues. We obtained lymph
nodes from HIV-1–infected women and men not receiving ART,
determined levels of CCR5 expression on lymph node CD4+

T cells, and evaluated their relationship vis-a-vis sex and viral
load. We also examined CCR5 expression on activated (HLA-
DR+CD38+ [hereafter, “DR+38+”]) lymph node CD4+ T cells,
as we previously demonstrated that these cells harbor the ma-
jority of HIV-1 in lymph nodes in vivo [15]. Finally, we deter-
mined frequencies of HIV-1 RNA–producing cells within
lymph node tissue sections, anticipating that sex-based differ-
ences in CCR5 expression would result in significantly fewer
HIV-1 RNA–producing cells in women, compared with men.

METHODS

Study Subjects and Clinical Specimens
Inguinal lymph nodes were obtained by excisional biopsy as de-
scribed previously [16] from individuals with documented
HIV-1 infection for at least 4 months, CD4+ T-cell counts of
>300 cells/mm3, and no history of AIDS. Subjects who had pre-
viously used ART were included if they had discontinued
therapy at least 6 months before lymph node donation and
were at their nadir CD4+ T-cell count. Women underwent
lymph node excision without attention to menstrual cycle
phase. Recruitment proceeded on the basis of subject eligibility
and interest until close to the end of the study, when it was
noted that there was a relative deficiency of HIV-1–seropositive
men with a high viral load who had CD4+ T-cell counts of
<500 cells/mm3. To adjust for this skewing, the last 5 male sub-
jects were recruited specifically because they had CD4+ T-cell
counts of <500 cells/mm3 and HIV-1 RNA concentrations of

>50,000 copies/mL. Informed consent was obtained from all
study participants, and the study was approved by the Colorado
Multiple Institutional Review Board.

Portions of lymph nodes were disaggregated, and the re-
mainder was snap frozen in OCT as described previously [16].
Peripheral blood obtained on the same day as lymph node exci-
sion was used to determine CD4+ T-cell counts, plasma HIV-1
RNA concentration (Roche Amplicor HIV-1 Monitor [1997–
2002], Roche COBAS Amplicor HIV-1 test [2002–2008], and
Roche COBAS Ampliprep/Taqman 96 HIV-1 test [2008–2011],
Indianapolis, IN), and HIV-1 coreceptor tropism (Trofile test,
Monogram Biosciences, South San Francisco, CA) [17]. Plasma
estradiol and progesterone levels were measured by mass spec-
trometry (Esoterix, Calabasas Hills, CA).

Analyses of CCR5 Expression
Disaggregated lymph node cells (5 × 106) were stained with an-
tibodies to CD3-PEcy5 (BD Biosciences, San Jose, CA), CD4-
APC-H7, CD38-FITC (Invitrogen Life Science), HLA-DR-APC
(BD Biosciences), and CCR5-PE (manufactured by BD Biosci-
ences with a known 1:1 ratio of PE to antibody), evaluated by
flow cytometry (LSR II, BD Immunocytometry Systems), and
analyzed using FlowJo (Tree Star, Ashland, OR). Percentages of
CCR5+ cells and the mean number of CCR5 molecules (Quan-
tiBRITE beads [BD Biosciences, San Diego, CA]) were deter-
mined as described elsewhere [15, 18].

In Situ Hybridization for HIV-1 RNA
In situ hybridization for HIV-1 RNA was performed on 6-µm
lymph node sections as described previously [16]. Control sec-
tions hybridized with sense probes uniformly had demonstrat-
ed no staining. Numbers of HIV-1 RNA–producing cells from
each tissue section were summed and divided by the total area
of the tissue sections, as quantified by a computerized image
analysis system (Leica Q5001W Image Analysis; Leica, Cam-
bridge, United Kingdom), to determine the frequency of RNA-
producing cells per square millimeter of tissue.

CCR5-Δ32 Genotyping
DNA was extracted from peripheral blood mononuclear cells
(Qiagen Blood and Tissue Kit; Germantown, MD), and CCR5-
Δ32 genotype determined by polymerase chain reaction analy-
sis as previously described [18].

Statistical Analysis
Analyses assumed a 2-sided test of hypothesis with a signifi-
cance level of 0.05. The Fisher exact tests and t tests were used
for analysis of demographic data. Normalizing log transforms
were used for right-skewed data. Means or geometric means
and Pearson correlations are reported. Ordinary least squares
regression was used to model continuous outcomes while con-
trolling for potential confounders or mediators. An interaction
term was considered to test whether linear relationships
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differed by sex or race. For our primary explanatory variables,
the percentage of an effect mediated by an additional covariate
was based on the ratio of adjusted to crude parameter estimates,
with corresponding variance estimated using the delta method.
Count data were modeled using a negative binomial generalized
linear model with a log link to account for overdispersion. An
offset was included to control for between-subject differences
in total lymph node area measured.

RESULTS

Clinical Characteristics of Study Subjects
Clinical characteristics of the 28 women and 27 men who
donated lymph nodes are shown in Table 1. There were no sig-
nificant differences between men and women in age or race.
Sexual contact with men was the most common HIV-1 risk
factor for women (79%) and men (86%). The majority (86%) of
women were premenopausal, and 4 were postmenopausal,
based on menstrual histories. None were receiving exogenous
hormone therapy.

The mean CD4+ T-cell count was 571 cells/mm3 (95% confi-
dence interval [CI], 511–632) and did not differ significantly
between men and women. As expected, women had lower viral
loads than men, with a mean difference of 0.61 log10 copies/mL
(P = .01). Among all study subjects, 22% had a prior history of
ART receipt, and this did not differ by sex. There was no sex-
based difference in time since ART discontinuation between
women and men (geometric mean, 2.4 and 2.1 years, respec-
tively; P = .9). All 40 subjects with available tropism results
harbored only R5-tropic virus. Overall, 24% of subjects were
heterozygous for the CCR5-Δ32 mutation, and there were
no sex-based differences in the frequency of CCR5 heterozy-
gosity. Viral load tended to be lower in CCR5-Δ32 hetero-
zygotes, compared with wild-type homozygotes (Supplementary
Table 1).

Women Had Significantly Lower Percentages of Lymph Node
CCR5+CD4+ T Cells Than Men
Geometric mean percentages of lymph node CCR5+CD4+

T cells were lower in HIV-1–infected women (12%), compared
with HIV-1–infected men (16%; Figure 1A). When CCR5 ex-
pression was evaluated on activated CD4+ T cells, geometric
mean percentages of CCR5+ cells were lower in women (35%),
compared with men (44%), as well (Figure 1A). There were no
sex-based differences in the density of CCR5 molecules on
CD4+ T cells or activated CD4+ T cells (Figure 1B). The per-
centage of cells expressing CCR5 and the CCR5 density were
lower among CCR5-Δ32 heterozygotes, compared with wild-
type homozygotes (Supplementary Table 1). Neither the per-
centage nor the density of CCR5+CD4+ T cells was significantly
related to plasma progesterone or estradiol levels (data not
shown).

Sex-Based Differences in CCR5 Expression on Lymph Node
CD4+ T Cells Did Not Account for Sex-Based Differences in
Viral Load
Neither the percentage of CCR5+ cells nor the density of CCR5
on CD4+ T cells or the activated subset was predictive of viral
load (P≥ .4), after adjusting for CD4+ T-cell count, race, and
age. In addition, CCR5 expression did not predict viral load
after adjusting for CD4+ T-cell count, Δ32 heterozygosity, and
age (P≥ .5). When analyses were limited to subjects known to
harbor R5-tropic virus, outcomes did not change (P≥ .3).

Percentages of Activated CD4+ T Cells in Lymph Nodes
Predicted Viral Load, But Did Not Account for Sex-Based
Differences in Viral Load
The geometric mean percentage of lymph node DR+38+CD4+

T cells was 11% (95% CI, 10–14) and did not differ significantly
between women (12%; 95% CI, 9–15) and men (11%; 95% CI,
9–15; P = .85). In a model that adjusted for multiple clinical
factors, including sex, race, age, and CD4+ T-cell count, an in-
crease of 5% in DR+38+CD4+ T cells predicted an increase of

Table 1. Demographic and Clinical Characteristics of Study
Subjects

Women
(n = 28)

Men
(n = 27) P

Age, y 38 (34–41) 35 (32–38) .30
Race/ethnicity .32

White 10 (36) 16 (59)

Black 13 (46) 7 (26)
Hispanic 4 (14) 3 (11)

Native American 1 (4) 1 (4)

HIV-1 risk factor
Sex between men . . . 24 (89)

Sex between men
and women

22 (79) 1 (4) <.001

Injection drug use 3 (11) 2 (7) 1.0

Othera 3 (11) 0 (0)

CD4+ T-cell count,
cells/mm2

525 (440–610) 619 (531–708) .11

Plasma HIV-1 RNA load,
log10 copies/mL

3.88 (3.56–4.2) 4.49 (4.17–4.8) .01

Previous antiretroviral
therapyb

8 (28) 4 (15) .3

R5-tropic HIV-1c 20 (100) 20 (100) 1.0

Heterozygous for CCR5-
Δ32 mutation

6 (21) 7 (26) .76

Data are mean (95% confidence interval) or no. (%) of subjects.

Abbreviation: HIV-1, human immunodeficiency virus type 1.
a Needlestick (n = 2) and blood transfusion (n = 1).
b All subjects discontinued antiretroviral therapy >6 months before entering
the study.
c One woman and 4 men did not have sufficient plasma available, and Trofile
test results were indeterminate for 7 women and 3 men. Subjects with
indeterminate results of tropism assays had significantly lower viral loads than
subjects with definitive results (mean, 3.3 vs 4.4 log10 copies/mL; P < .001).
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0.24 log10 copies/mL (95% CI, .06–.42) in viral load (P = .012).
In the same model, after controlling for the percentage of
DR+38+CD4+ T cells, race, age, and CD4+ T-cell count, women
still had a viral load that was 0.66 log10 copies/mL (95% CI,
.62–.69) lower than that in men (P = .002; Figure 2).

Women Had Lower Frequencies of HIV-1 RNA–Producing
Lymph Node Cells Than Men
The geometric mean lymph node weight was 888 mg and did
not differ between women (818 mg; 95% CI, 561–1193; n = 28)
and men (973 mg; 95% CI, 722–1312; n = 25; P = .4). The mean
area of a single lymph node tissue section was 33 mm2 (95%
CI, 27,–38), and this also did not differ between women (mean,
33 mm2; 95% CI, 24–41) and men (mean, 32 mm2; 95% CI,
25–40; P = .9). The geometric mean frequency of HIV-1 RNA–
producing cells was 0.30 cells/mm2 (95% CI, .21–.43). Women
had lower frequencies of HIV-1 RNA–producing cells than men
(Figure 3; geometric mean, 0.21 vs 0.44 cells/mm2; P = .046).
Sex-based differences in HIV-1 RNA–producing cells mediated
45% (95% CI, 4–86) of the sex-based differences in viral load
(P = .031).

Neither CCR5 Expression Nor Activated CD4+ T Cells
Accounted for Sex-Based Differences in HIV-1 RNA–Producing
Lymph Node Cells
To evaluate whether CCR5 expression or the percentage of acti-
vated CD4+ T cells was a determinant of the frequency of
HIV-1 RNA–producing cells a negative binomial generalized
linear model was used. Neither CCR5 density nor percentage of
CD4+ or DR+38+CD4+ T cells expressing CCR5 was predictive
of HIV-1 RNA–producing cells (P≥ .24), after adjusting for

CD4+ T-cell count, race, and age. CCR5 expression also did
not predict the number of HIV-1 RNA–producing cells per
millimeter, after adjusting for CD4+ T-cell count, Δ32

Figure 1. Percentages (A) and concentrations (B) of CCR5 on CD4+ T cells and HLA-DR+CD38+CD4+ T cells in lymph nodes from human immunodeficiency
virus type 1–seropositive women (n = 28) and men (n = 27). Each symbol represents the value for an individual subject. Horizontal lines indicate geometric
means.

Figure 2. After adjusting for race, age, sex, and CD4+ T-cell count, the
percentage of HLA-DR+CD38+CD4+ T cells in lymph nodes predicted log10
number of human immunodeficiency virus type 1 (HIV-1) RNA copies/mL
(P = .012). The model also showed persistent sex-based differences in plasma
HIV-1 RNA load (P = .002), after controlling for HLA-DR+CD38+CD4+ T cells,
race, age, and CD4+ T-cell count. The slopes of the lines were not signifi-
cantly different by sex (P = .9) or race (P = .2).
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heterozygosity, and age (P≥ .4). An increase of 5% in DR+38+

CD4+ T cells predicted a 44% (95% CI, 17–77) increase in
HIV-1 RNA–producing cells in univariate analysis (P < .001).
After adjusting for race, percentage of DR+38+CD4+ T cells,
age, and CD4+ T-cell count, women still had 40% (95% CI, 6–
62) fewer HIV-1 RNA–producing cells than men (P = .023;
Figure 4).

HIV-1 RNA–Producing Lymph Node Cells Were Associated
With a Lower Viral Load in Women, Compared With Men
Frequencies of log10 HIV-1 RNA–producing cells correlated
significantly with log10 viral load (Pearson r = 0.68; 95% CI,
.50–.80; P < .001). To determine whether there were sex-based
differences in the relationship between HIV-1 RNA–producing
cells and viral load, we used a linear regression model that ad-
justed for multiple clinical parameters (Figure 5). An increase
of 0.2 log10 HIV-1 producing cells/mm2 predicted an increase
in viral load of 0.29 log10 copies/mL (95% CI, .17–.41; P < .001).
Furthermore, in this same model, women had a significantly
lower log10 viral load (0.46; 95% CI, .085–.84; P = .018) than men,
after adjustment for HIV-1 RNA–producing cells, CD4+ T-cell
count, race, and age. Similar results were obtained after controlling

for HIV-1 RNA–producing cells, CD4+ T-cell count, CCR5-Δ32
heterozygosity, and age (log10 viral load difference, 0.46; P = .017)

DISCUSSION

This is the first study to investigate sex-based differences in
viral load in secondary lymphoid tissues, the primary site of
HIV-1 replication [12–14].Women had significantly lower per-
centages of lymph node CD4+ T cells and activated CD4+

T cells that expressed CCR5. Surprisingly, neither of these pa-
rameters predicted viral load or HIV-1 RNA–producing cells,
and reduced lymph node CCR5 expression in women did not
account for sex-based differences in viral load. Percentages of
activated CD4+ T cells in the lymph node predicted the plasma
viral load, similar to what has been previously reported for pe-
ripheral blood mononuclear cells [19, 20] and lymph nodes [21].
Proportions of activated CD4+ T cells in lymph nodes, however,
did not differ between women and men and failed to explain
sex-based differences in viral load. Women had significantly
lower frequencies of HIV-1 RNA–producing cells in lymph

Figure 4. Percentages of HLA-DR+CD38+CD4+ T cells predicted increas-
es in the number of human immunodeficiency virus type 1 (HIV-1) RNA–
producing cells per square millimeter in a model that controlled for sex,
race, and CD4+ T-cell count (P < .001). After adjustment for the percentage
of T cells in the lymph node that were HLA-DR+CD38+CD4+, race, and
CD4+ T-cell count, women still had lower proportions of HIV-1 RNA–pro-
ducing cells, compared with men (P = .023). Black women (thin solid line)
had 66% (95% confidence interval, 40–81) lower HIV-1 RNA–producing
cells than nonblack men (thick dashed line; P < .001), but there was no sig-
nificant difference between black men (thin dashed line) and nonblack
women (thick solid line; P = .9). The slopes of the lines were not signifi-
cantly different by sex (P = .9) or race (P = .7).

Figure 3. Frequencies of human immunodeficiency virus type 1 (HIV-1)
RNA–producing lymph node cells per square millimeter, as determined by
in situ hybridization for HIV-1 RNA, were significantly higher in men, com-
pared with women. Each symbol represents the sum of the HIV-1 RNA–
producing cells from all lymph node sections, divided by the total area
examined for an individual subject. A geometric mean of 6 (95% confi-
dence interval [CI], 5–8) sections and 168 mm2 (95% CI, 128–222 mm2) of
tissue were analyzed per subject. Horizontal lines indicate geometric
means.
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nodes than men, but the difference accounted for less than half
of the sex-based differences in viral load in our cohort. Intrigu-
ingly, after adjusting for the number of HIV-1 RNA–producing
cells, womenhad0.46 log10 lower viral load, comparedwithmen.
These data indicate that less plasma virus is associated with each
HIV-1 RNA–producing cell in women, compared with men.

Before this study, sex-based differences in CCR5 expression
had only been described in peripheral blood of HIV-1–seroneg-
ative individuals [11]. In that study, the density but not the per-
centage of CCR5+CD4+ T cells was lower in women than in
men. In contrast, percentages of CCR5+CD3+CD4+ cells but
not the density of CCR5 differed between the sexes in our
study. Reasons for these differences are unclear but could be
related to HIV-1 serostatus or differences between peripheral
blood and lymph node CD4+ T cells. Whether CCR5 expres-
sion is modulated by sex hormones is controversial [22–24]. Al-
though there was no relationship between hormone levels and
CCR5 in the present study, this does not exclude a relationship
between cycle phase or peak hormone levels and CCR5 ex-
pression, because women in our study underwent lymph node
excision randomly, without regard to menstrual cycle phase. Irre-
spective of the mechanism that underlies sex-based differences in
CCR5, the finding is important because it may translate into
sex-based differences related to the primary function of CCR5,

which is chemotaxis of immune cells to sites of pathology, and
impact a broad range of diseases [25].

The findings that CCR5 expression was not a predictor of
viral load or HIV-1 RNA–producing cells were surprising and
contrary to our initial hypothesis, as well as to peripheral blood
studies from one group [26–28]. One possible explanation is
that HIV-1 RNA–producing lymph node cells are not major
contributors to viral load. Several lines of evidence weigh
against this explanation. It is well accepted that the majority of
HIV-1 replication occurs in secondary lymphoid tissues [12, 13]
and that they produce the majority of the viral load [29].
Lymph nodes are the largest secondary lymphoid organ, collec-
tively harboring approximately two-thirds of CD4+ T cells in
secondary lymphoid tissues [30]. Frequencies of HIV-1 RNA–
producing cells in our study correlated with viral load, suggest-
ing that lymph node cells are representative of cells that
produce the viral load. Finally, phylogenetic analyses of virus in
plasma and secondary lymphoid tissues of humans and ma-
caques suggest that lymph nodes are a major source of plasma
viremia, whereas gut-associated lymphoid tissue (GALT) is a
minor contributor [31, 32]. Our study cannot exclude the possi-
bility that a correlation exists between CCR5 expression and
virus replication in the spleen or GALT. It is unlikely, however,
that the studies reported here would be repeated in the spleen,
owing to the risks associated with splenic biopsies. Further-
more, both the enzymatic digestion necessary to disaggregate
GALT and the prolonged period between obtaining fresh tissue
and measurement of CCR5 would render GALT measurements
highly suspect because of the lability of the CCR5 molecule ([33]
and unpublished data). Regardless, spleen and GALT each
harbor only approximately one-sixth of the CD4+ T cells in sec-
ondary lymphoid tissues [30] and are less important than
lymph nodes in terms of their contribution to viral load.

The failure of lymph node CCR5 expression to correlate with
viral load or HIV-1 RNA–producing cells is difficult to recon-
cile with observations that CCR5-Δ32 heterozygotes have a
lower viral load than wild-type homozygotes [34]. It has been
widely assumed that this difference is mediated by CCR5 ex-
pression. Nevertheless, another potential explanation is that
individuals who are heterozygous for the Δ32 allele have more-
vigorous cell-mediated immunity than others [35, 36]. Inde-
pendent support for our findings of a lack of correlation
between CCR5 expression and viral load or HIV-1 RNA–
producing cells is provided by a study that demonstrated that
CCR5 expression restricted R5-tropic HIV-1 replication in
vitro only at levels of <2000 molecules/cell [9], which is close to
the lower limit of CCR5 expression observed in our study
(range, 1261–7214 molecules/cell). Thus, although CCR5 ex-
pression is clearly necessary for infection with R5 HIV-1, our
study suggests that physiologic levels of CCR5 are not limiting
and consequently are not a major determinant of R5 HIV-1
production in lymph nodes. These findings have important

Figure 5. Human immunodeficiency virus type 1 (HIV-1) RNA–producing
lymph node cells predicted plasma viral load, after adjusting for sex, race,
age, and peripheral blood CD4+ T-cell count (P < .001). After adjusting for
race, age, CD4+ T-cell count, and HIV-1 RNA–producing cells, women still
had a significantly lower viral load than men (P = .018). Viral load did not
significantly differ between blacks and all other races (P = .46). The slope
did not differ by sex (P = .16).
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implications for strategies currently under development to treat
HIV-1 infection through interruption of CCR5 expression [37],
because they suggest that profound reductions in CCR5 expres-
sion may be necessary to successfully reduce virus replication
in lymph nodes.

Women had fewer HIV-1 RNA–producing cells than men,
although this difference was marginally significant (P = .046)
and explained less than half of the sex-based difference in viral
load. This finding could be related to recruitment of more men
with a high viral load than would have occurred naturally in an
untreated population. As described in Methods, near the end of
study recruitment, a deficiency of men with a CD4+ T-cell
count of <500 cells/mm3 and a high viral load was noted, likely
because of earlier initiation of ART by men in the United States
[38–42]. Our efforts to correct for this skewing may have result-
ed in overrepresentation of men with a high viral load. Indeed,
the sex-based difference in viral load observed in our study
(−0.64 log10 copies/mL) was higher than that reported in other
studies (range, −0.14 to −0.53 log10 copies/mL) [1–3], support-
ing the notion that men with a high viral load were overrepre-
sented. HIV-1 RNA–producing cells are likely related to disease
progression, because frequencies of HIV-1 RNA–producing
cells predict rates of disease progression in simian immunodefi-
ciency virus (SIV)–infected macaques [43]. If HIV-1–infected
women do not have substantially different frequencies of
HIV-1 RNA–producing cells than men, this could explain why
they progress at similar rates as men to AIDS and death despite
different viral loads.

The sex-based difference in viral load that remained after
controlling for HIV-1 RNA–producing cells was −0.46 log10
copies/mL, which is consistent with the sex-based difference
seen in many epidemiologic studies [1, 3]. Although differences
in amounts of lymphoid tissue could account for this, there
were no sex-based differences in size or weight of lymph nodes.
Another possible explanation would be production of fewer
virions per HIV-1 RNA–producing cell in women, compared
with men. Future studies that measure intracellular levels of
HIV-1 RNA in lymph node cells could be useful in evaluating
this. Finally, more-efficient clearance of extracellular HIV-1 in
women as compared to men could account for the sex-based
discordance between HIV-1 RNA–producing cells and viral
load. Although a previous study concluded that there were no
sex-based differences in plasma HIV-1 RNA clearance, based
on analysis of decay rates after initiation of ART [44], the
median CD4+ T-cell count was 261 cells/mm3, and there were
no sex-based differences in viral load, suggesting the study had
insufficient statistical power to detect sex-based differences.
Thus, it remains possible that sex-based differences in clearance
of extracellular virus exist, particularly in individuals with rela-
tively preserved CD4+ T-cell counts, such as those in our study.

This analysis has several limitations. Recruitment relied pri-
marily on identification of chronically HIV-1–infected subjects

who were not receiving therapy. Because of differences in rates
of initiation of ART among men and women and among indi-
viduals of different races in the United States [38–42], this
could have introduced bias. Furthermore, we sought to correct
for skewing in the study population by recruiting additional
men with low CD4+ T-cell counts and high viral loads, which
may have introduced other biases. There may also have been
some bias toward recruitment of CCR5-Δ32 heterozygotes;
they constituted 24% of all study subjects, whereas the CCR5-
Δ32 allele is found in only 20% of healthy white individuals in
Denver and, likely, in fewer individuals with a race or ethnicity
other than white [45]. Importantly, all multivariate analyses
controlled for CD4+ T-cell count, an indirect measure of length
of infection, as well as age and race, and additional analyses
controlling for CCR5-Δ32 heterozygosity did not affect the
results of the study. Nevertheless, it is possible that there were
biases that were not controlled for by these measures.

In the past, when viral load was one of the criteria used in
the United States to determine when to initiate ART, it was sug-
gested that women might benefit from initiation of ART at a
lower viral load than that for men [46]. The present study pro-
vides a biologic basis for that recommendation, as it suggests
there are not large sex-based differences in numbers of lymph
node HIV-1 RNA–producing cells but that HIV-1 RNA–
producing cells are associated with a lower viral load in women
than in men. Because viral load is no longer used to determine
when to initiate therapy and because US guidelines recommend
early initiation of therapy for everyone [47], sex-based differ-
ences in viral load are less clinically relevant. Nevertheless, care
providers should be cognizant that a woman with the same
viral load as a man might have a larger burden of productively
infected lymph node cells and consequently may experience
more-rapid disease progression in the absence of ART. The
findings of this study also shed light on the observation that
viral load fails to account for all of the variation in rates of
disease progression among HIV-1–infected individuals even in
analyses that control for sex [48, 49]. Results of this study
suggest that differences in the amount of virions produced per
productively infected cell and/or clearance of extracellular virus
may explain this. This study has demonstrated that examination
of sex-based differences in viral load can provide important in-
sights into HIV-1 immunopathogenesis. Further investigation of
whether sex-based differences exist in production or clearance of
extracellular virions could provide critical insights into funda-
mental principles that govern virus production and disease pro-
gression, which are essential to the development of novel
therapeutic strategies to treat and cure HIV-1 infection.
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