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The human gene for CC chemokine receptor 5, a coreceptor for human immunodeficiency virus type 1 (HIV-

1), affects susceptibility to infection. Most studies of predominantly male cohorts found that individuals

carrying a homozygous deleted form of the gene, D32, were protected against transmission, but protection

did not extend to D32 heterozygotes. The role played by this mutation in HIV-1 transmission to women was

studied in 2605 participants in the Women’s Interagency HIV Study. The D32 gene frequency was 0.026 for

HIV-1–seropositive women and 0.040 for HIV-1–seronegative women, and statistical analyses showed that D32

heterozygotes were significantly less likely to be infected (odds ratio, 0.63 [95% confidence interval, 0.44–0.90]).

The CCR5 D32 heterozygous genotype may confer partial protection against HIV-1 infection in women. Because

D32 is rare in Africans and Asians, it seems plausible that differential genetic susceptibility, in addition to

social and behavioral factors, may contribute to the rapid heterosexual spread of HIV-1 in Africa and Asia.

Human immunodeficiency virus type 1 (HIV-1) cur-

rently infects ∼40 million people worldwide [1]. More

than 95% of all new cases occur in developing countries,

with heterosexual transmission being the predominant

route of infection [1]. Rates of HIV-1 infection continue

to increase, particularly among nonwhites and women

[1]. In sub-Saharan Africa, a region that accounts for

70% of infected individuals globally, women with HIV-

1 now outnumber men with HIV-1 [1].

Host differences may contribute to the rapid spread
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of HIV-1 in some areas of the world; specific genetic

traits have been found to influence susceptibility to HIV-

1 transmission and disease progression. In addition to

CD4, the primary HIV-1 receptor, a functional secondary

receptor is required to initiate infection. Human b-che-

Presented in part: 9th Conference on Retroviruses and Opportunistic Infections,
Seattle, 24–28 February 2002 (abstract 118).

The institutional review boards at each medical center and at the New York
State Department of Health approved the investigation. Each woman provided
informed consent at enrollment. Human experimentation guidelines of the US
Department of Health and Human Services and those of the authors’ institutions
were followed in the conduct of clinical research.

Financial support: National Institute of Allergy and Infectious Diseases, with
supplemental funding from National Cancer Institute, National Institute of Child
Health and Human Development (NICHD), National Institute of Drug Abuse,
National Institute of Dental Research, Agency for Health Care Policy and Research,
and Centers for Disease Control and Prevention (grants U01-AI-35004, U01-AI-
31834, U01-AI-34994, U01-AI-34989, U01-HD-32632, U01-AI-34993, U01-AI-42590,
and RO1-AI-42555); NICHD National Research Service Award (1F32-HD08478-01
to S.P.).

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/187/4/569/833403 by U

.S. D
epartm

ent of Justice user on 16 August 2022



570 • JID 2003:187 (15 February) • Philpott et al.

mokine receptors serve this function, with CCR5 serving as co-

receptor for macrophage-tropic strains of HIV-1 [2]. A 32-bp

deletion (D32) in the CCR5 gene renders this receptor non-

functional, and cells that are homozygous for this mutation are

highly resistant to infection by macrophage-tropic strains of HIV-

1 [3].

The mutation is most common in white populations, where

the frequency of the D32 allele ranges from 4% to 16%; ∼20%

of whites are heterozygous, and 1% are homozygous for D32

[4]. However, this allele is less common among US blacks and

Latinas and was absent in Africans and Asian populations stud-

ied in anthropological surveys and investigations of non–HIV-

related conditions [4].

Investigation of large cohorts of individuals exposed sexually

or parenterally to HIV-1 found that the homozygous D32 mu-

tation confers a high level of resistance to infection [5–8]. These

studies, primarily composed of white men, also found that D32

heterozygotes exhibit delayed HIV-1 disease progression but

were not protected against transmission [6–8]. However, a more

recent study of high-risk HIV-1–seronegative men did dem-

onstrate partial protection against HIV-1 infection in those with

the D32 heterozygous genotype [9]. Because D32 heterozygotes

of either sex express a reduced number of CCR5 receptors,

compared with individuals with the wild-type genotype, the

partial protection and delayed disease progression in hetero-

zygotes may be related to the decreased number of CCR5 re-

ceptors and the resulting decreased virus load.

Transmission studies involving women showed variable re-

sults; 2 studies suggested that the heterozygous state confers

partial protection against HIV-1 infection [5, 10], whereas 3

other studies did not [9, 11, 12]. However, all the previous

analyses had a suboptimal statistical power for assessing this

question, with no more than 630 women in each study. Re-

cently, investigators constructed a mathematical model of the

dynamics of HIV-1 transmission in populations with or without

the D32 mutation. This model predicted that the D32 allele

would slow the heterosexual spread of the epidemic in popu-

lations where the mutation was common [13]. This prediction,

coupled with the results from previous cohort studies, points

out the importance of studying the role of the D32 deletion in

HIV-1 transmission in a larger cohort of women.

Studies have documented sex-specific differences in HIV-1

transmission, infection, and disease progression [10, 14–18].

Because the routes and mechanisms of HIV-1 infection may

differ in significant ways between men and women, we inves-

tigated the relationship of CCR5 genotype to the likelihood of

HIV-1 infection among women enrolled in the Women’s In-

teragency HIV Study (WIHS), a large study of HIV-1 infection

in women conducted in 5 US cities.

SUBJECTS AND METHODS

Study population. We studied a total of 2605 women, 2047

HIV-1–seropositive and 558 seronegative, who were enrolled

in WIHS. WIHS is the largest US cohort ever assembled to

study the natural history of HIV-1 infection in women. Par-

ticipants reflect the racial and ethnic background of the groups

in the US, in which the HIV-1 epidemic is spreading most

rapidly, as well as the risk behaviors [1, 19]. WIHS participants

were recruited and evaluated in Chicago, San Francisco Bay

Area, Los Angeles, Washington, DC, and 2 sites in New York

(Bronx-Manhattan and Brooklyn). We grouped the WIHS par-

ticipants into the following racial and ethnic categories: black,

Latina, white, or other. The HIV-1 risks at study entry were

injection drug use (IDU), heterosexual exposure, transfusion,

or risk not identified. The risk categories are hierarchical and

mutually exclusive with respect to the order listed above (e.g.,

individuals in the IDU category also may have had heterosexual

or transfusion risks) [20, 21]. Approximately one-third of the

participants ( ; 32.4%) had a history of IDU, makingn p 843

this one of the largest cohorts of IDU among women studied.

The WIHS methods and baseline characteristics of the cohort

have been described elsewhere [15, 19]. The HIV-1–seropositive

and –seronegative participants were very similar with respect

to high-risk behaviors and a wide array of other variables, in-

cluding drug use, history of chronic illness, income, demo-

graphics, reproductive history, perceived health status, and his-

tory of sexual abuse [19].

Ten WIHS participants were excluded from the analysis be-

cause of limited numbers bearing their specific unusual char-

acteristics; this group comprised 9 seroconverters, all of whom

were homozygous wild type and 1 uninfected CCR5 D32 ho-

mozygote. The CCR5 D32 homozygote was an uninfected white

heterosexual.

Clinical sample and data collection. WIHS participants

were interviewed by use of a structured questionnaire and given

a physical examination every 6 months. Blood samples were

collected, and T cell subsets were determined, as described else-

where [15]. Quantitation of HIV-1 RNA in plasma was per-

formed by use of the isothermal nucleic acid sequence–based

amplification (NASBA) method (bioMérieux). Notification of

patient death was obtained by the WIHS from relatives, medical

providers, or friends or through local and national death regis-

tries. Diagnoses of clinical AIDS-defining illnesses were self-re-

ported and were in accordance with class C clinical conditions

in the 1993 Centers for Disease Control and Prevention (CDC)

case definition of AIDS [22]. These diagnoses of AIDS do not

include immunologic criteria of low CD4� cell counts. Self-re-

porting of AIDS-defining conditions in the WIHS has been found

to be accurate [23].

CCR5 genotyping. The CCR5 genotype was determined by
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use of polymerase chain reaction (PCR) and restriction analysis,

as described elsewhere [5, 24]. Independent duplicate analyses

were performed for every sample. To confirm that the results

were specific for CCR5 genotypes, the CCR5 gene was cloned

and sequenced from several individuals known to be homozygous

for the wild-type or mutant allele [24]. We verified the presence

of the 32-bp deletion by comparing the CCR5 sequences obtained

from wild-type homozygotes with those from D32 homozygotes.

Statistical analysis. CCR5 genotypes were categorized into

2 groups: wild type (�/�) or heterozygotes (�/D). Analyses

were performed by comparing these 2 groups overall and then

by stratifying the groups according to racial and ethnic group

and risk status. The association of CCR5 D32 and HIV-1 in-

fection was measured by an odds ratio (OR) and 95% confi-

dence interval (CI). The OR provided a measure of the like-

lihood of HIV-1 infection among CCR5 D32 heterozygotes,

compared with that among individuals homozygous for the

wild-type allele.

We also assessed the frequency of the CCR5 D32 heterozy-

gous genotype by comparing HIV-1–uninfected and –infected

women stratified by CD4� cell count at entry. This was done

to examine the consistency of our observations and to assess

whether bias due to rapid disease progression and early death

(and, therefore, exclusion from our cohort) might result in

spurious association. Four CD4� cell count strata were used:

0–199, 200–349, 350–499, and �500 cells/mL.

Key multivariate analyses included the number of sexual

partners (for all women) and drug injection frequency (for IDU

only) as covariates, to ensure that genotype observations were

independent of risk factor distributions. In addition, site was

included in key multivariate analyses to determine whether

genetic differences within racial/ethnic groups that might differ

from varying geographic regions affect the association of CCR5

genotype with HIV-1 infection [25].

RESULTS

The CCR5 genotypes and CCR5 D32 allelic frequencies for 2605

WIHS participants are shown in table 1. The 2047 HIV-1–se-

ropositive and 558 HIV-1–seronegative women were stratified

into groups according to their racial and ethnic background,

as well as their transmission risk. Approximately 80% of the

women were black or Latina. The D32 frequency for the entire

cohort of 2605 women was 0.029 and, when subjects were

stratified according to racial and ethnic group, was 0.018 among

blacks, 0.024 among Latinas, 0.068 among whites, and 0.041

among others. The frequency of the D32 allele was significantly

greater among the whites than among any of the other racial/

ethnic groups ( ).P ! .001

Transmission. HIV-1–infected women were less likely to

have the CCR5 D32 allele than were HIV-1–uninfected women

(OR, 0.63; 95% CI, 0.44–0.90). The frequency of the D32 het-

erozygous genotype among HIV-1–infected versus HIV-1–un-

infected women in the cohort is shown in table 2. To compare

models adjusted for ethnicity and transmission risk, the study

population was restricted to the 2579 persons with the CCR5

genotype for whom we had complete data on these parameters.

Within this group, the crude OR (0.66; CI, 0.46–0.95) and

adjusted OR (0.61; CI, 0.41–0.89) did not differ significantly.

Stratifying by racial and ethnic group showed that this effect

was seen in all 4 groups, with ORs ranging from 0.43 to 0.78,

but was statistically significant only among whites (table 2).

Similarly, when subjects were stratified by exposure status, the

protective effect of CCR5 D32 was observed in all risk groups

(range of ORs, 0.44–0.75) but was statistically significant only

in the IDU group (table 2). Neither the number of sexual

partners nor the geographic site of volunteer residence con-

founded or interacted with race/ethnicity or transmission risk

in our multivariate models (data not shown).

The comparative frequency of the D32 heterozygous genotype

by baseline CD4� cell count is shown in table 3. The protective

effect was seen in all 4 strata, with OR point estimates ranging

from 0.45 to 0.89. The protective association was statistically

significant among women with baseline CD4� cell counts !200

and 200–349 cells/mL, was of borderline significance in the group

with CD4 � cell counts 1500 cells/mL ( ), and was notP p .082

significant in the subgroup with a CD4 � cell counts of 350–499

(table 3). No significant trend was noted across the CD4 � cell

count strata among the HIV-1–infected women ( ).P p .307

Race/ethnicity was noted to be an effect modifier for the asso-

ciation of D32 allelic frequency and HIV-1 risk when CD4� cell

count was used as a surrogate for the rapidity of disease pro-

gression (table 3). The associations all had an OR !1, regardless

of CD4� cell count stratum or race/ethnicity group. The asso-

ciation of the D32 heterozygous genotype and lower HIV-1 risk

was stronger in non-Latina whites and women with CD4� cell

counts lower than those in other groups.

DISCUSSION

Early analyses of CCR5 in relation to HIV-1 transmission and

disease progression focused primarily on cohorts of white men,

in whom the prevalence of the D32 allele is ∼10% [4–8]. How-

ever, worldwide HIV-1 transmission now occurs approximately

equally in both sexes [1] and is most prevalent in nonwhite

populations, which have a much lower frequency of the D32

allele, than in white populations [4]. We analyzed the associ-

ation of CCR5 genotype with HIV-1 infection in WIHS, a large,

predominantly nonwhite cohort of HIV-1–infected and –un-

infected women. We found that, among 2605 women in WIHS,
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Table 1. Distribution of CCR5 genotypes among human immunodeficiency virus type 1
(HIV-1)–uninfected subjects and HIV-1–infected subjects, in the Women’s Interagency Human
Immunodeficiency Virus Study (WIHS).

Characteristic

CCR5 genotype

D32 allele frequencyWild type Heterozygote

HIV-1
uninfected

HIV-1
infected

HIV-1
uninfected

HIV-1
infected

HIV-1
uninfected

HIV-1
infected

WIHS subjects 513 1940 45 107 0.040 0.026

Race/ethnicity

Black 283 1096 13 39 0.022 0.017

Latina 148 461 9 22 0.029 0.023

White 66 331 20 43 0.116 0.057

Other 16 52 3 3 0.079 0.027

Transmission riska

Injection drug use 137 656 16 34 0.052 0.025

Heterosexual 132 797 12 50 0.042 0.030

Transfusion 14 75 1 4 0.033 0.025

Not identified 226 393 15 19 0.031 0.023

WIHS site

Bronx-Manhattan 108 395 6 23 0.026 0.028

Brooklyn 81 300 5 11 0.029 0.018

Chicago 55 256 3 15 0.026 0.028

Washington, DC 86 278 15 14 0.074 0.024

Los Angeles 102 395 9 25 0.041 0.030

San Francisco 81 316 7 19 0.040 0.028

NOTE. Data are no. (%) of participants, unless otherwise indicated.
a There were 24 women with missing data on transmission risk status.

the presence of the D32 heterozygous genotype was associated

with lower rates of HIV-1 infection, strongly suggesting partial

protection against HIV-1 transmission. Two previous cohort

studies that included women also reported evidence for partial

protection for D32 heterozygotes [5, 10]. Three other investi-

gations, however, did not find a protective effect in women,

perhaps because of the lower statistical power in these smaller

studies [9, 11, 12].

We found that the association between the D32 heterozygous

genotype and partial protection from HIV-1 transmission was

statistically significant among whites. Because of the low fre-

quency of the D32 allele in nonwhite populations, however, it

is difficult to assess the protective effect of the heterozygous

state in other racial and ethnic groups, even with our large

sample size. In the WIHS cohort, the D32 allelic frequency was

0.018 among 1431 blacks and 0.024 among 640 Latinas, whereas

the frequency was much higher among whites, 0.068, which is

consistent with the findings of other studies [4]. Heterozygotes

in all transmission risk groups had lower rates of HIV-1 in-

fection, although IDU was the only category in which the pu-

tative protective effect reached statistical significance. Because

individuals in the IDU category also may have heterosexual or

transfusion risks [20, 21], we were unable to fully distinguish

the effect of the D32 heterozygous genotype on sexual as op-

posed to parenteral transmission.

Ideally, to study the effect of CCR5 genotype or any other

immunogenetic trait on HIV-1 transmission to women, we

would need to identify thousands of high-risk, uninfected women

and prospectively follow them up for many years. This sort of

study has been carried out to some extent in overwhelmingly

male, largely white cohorts [5–12, 26, 27]. To investigate trans-

mission, the ideal cohort would be ethnically and genetically

diverse. In addition, the study subjects would continue to show

a substantial rate of seroconversion, despite investigators’ best

efforts to reduce risk [28]. This “incident cohort” would be both

costly and logistically complex. Because of the lack of feasibility

of the ideal transmission study, we have engaged a large multi-

center natural history study, WIHS.

The present study suggests the importance of immunogenetic

factors in HIV-1 transmission, although it examines a “prevalent

cohort” and uses a case-control design. However, inference is

limited, because the occurrence of infection was not actually

observed; unseen distortions in data may exist, such as the loss

of prospective subjects with rapidly progressive disease who died

before being recruited into WIHS [29]. It is noteworthy that

systematic underrepresentation of subjects with rapid disease
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Table 2. Frequency of the CCR5 D32 heterozygous genotype among human immuno-
deficiency virus type 1 (HIV-1)–infected women versus HIV-1–uninfected women.

Category
No. of

participants

Participants
heterozygous
for D32, % Crude OR Adjusted OR (95% CI)

WIHS subjects 2605 5.8 0.63

Race/ethnicity

Black 1431 3.6 0.77 0.77 (0.4–1.5)

Latina 640 4.8 0.78 0.72 (0.3–1.6)

White 460 13.7 0.43 0.38 (0.2–0.7)

Other 74 8.1 0.31 0.30 (0.1–1.7)

Transmission riska

IDU 843 5.9 0.44 0.42 (0.2–0.8)

Heterosexual 991 6.3 0.69 0.65 (0.3–1.3)

Transfusion 94 5.3 0.75 0.78 (0.1–7.7)

Risk not identified 653 5.2 0.73 0.67 (0.3–1.3)

WIHS site

Bronx-Manhattan 532 5.4 1.05 NA

Brooklyn 397 4.0 0.58 NA

Chicago 329 5.5 1.05 NA

Washington, DC 393 7.4 0.28 NA

Los Angeles 531 6.4 0.70 NA

San Francisco 423 6.1 0.53 NA

NOTE. Estimates were adjusted for no. of lifetime sexual partners at study entry and Women’s
Interagency Human Immunodeficiency Virus Study (WIHS site). CI, confidence interval; IDU, injection
drug use; NA, not applicable; OR, odds ratio.

a There were 24 women with missing data on transmission risk status.

progression in our study would have diminished its statistical

power but would not have introduced bias. At all baseline CD4�

cell count strata, a protective association of CCR5 D32 hetero-

zygous genotype and HIV-1 infection was suggested, although

the strength and statistical significance of the association were

lower among persons with higher CD4� cell counts than among

those with lower counts. We cannot exclude an interaction of

race/ethnicity or immunogenetic profile with rapid progression

or with earlier HIV-1 infection, because we do not know the

date of seroconversion for these subjects. However, the consistent

trend for protection across all CD4� cell count strata suggests

that any such interaction would merely modulate the strength

of the association, rather than confound it.

Multivariate analyses identified race and ethnicity as effect

modifiers on the basis of the negative association of the D32

heterozygous state with HIV-1 infection risk (i.e., OR !1), non-

Latina white women with lower CD4� cell counts had stronger,

significant associations, whereas all other women had weaker,

nonsignificant but nonetheless protective associations (i.e., all

subgroups had an OR !1). Therefore, we cannot make defin-

itive statements that may apply to all subgroups.

The consistency of our OR point estimates is remarkable;

ORs are !1 in every race and ethnic group, every transmission

risk group, every CD4� cell count subgroup, and in all CD4�

cell count by race/ethnicity subgroups. Despite statistical power

concerns revealed by subgroup analyses that were not based on

previous hypotheses, the present study suggests strongly that

partial protection from HIV-1 infection is conferred by the

CCR5 D32 heterozygous genotype. That the D32 allele might

also slow disease progression would not be surprising, but we

cannot address this issue with the “prevalent cohort” study

design. An “incident cohort” might confirm our cross-sectional

analysis, but a sufficiently powered prospective transmission

study is not likely to be conducted because of its complexity

and cost [26, 27, 29–31].

Previous studies have observed a slower rate of disease pro-

gression among HIV-1–infected D32 heterozygotes who were

not treated with highly active antiretroviral therapy (HAART)

[5–7]. The effect of CCR5 genotype on virus load and CD4�

cell count, which influence the rate of disease progression, has

been seen in early but not in advanced HIV-1 infection [6, 32,

33]. Two factors inhibit our ability to look at this question:

most women in WIHS receive HAART, and WIHS is a cohort

of women with relatively advanced disease [5, 19].

In this analysis of the influence of CCR5 genotype on HIV-

1 infection in women, we found that D32 heterozygotes were

less likely to be HIV-1 infected, which suggests partial resistance

to transmission. It is possible that sex contributed to the dif-
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Table 3. Frequency of the CCR5 D32 heterozygous genotype among human im-
munodeficiency virus type 1 (HIV-1)–uninfected and HIV-1–infected women, stratified
by CD4+ cell count at entry.

HIV-1 status
No. of

subjects

Participants
heterozygous

for D32, no. (%) OR Exact 95% CI Exact Pa

Uninfected 542 45 (8.3) 1 NA NA

Infected, CD4� cell
count, cells/mL

!200 593 29 (4.9) 0.57 0.34–0.94 .027

200–349 458 18 (3.9) 0.45 0.24–0.81 .007

350–499 403 30 (7.4) 0.89 0.53–1.47 .718

�500 518 28 (5.4) 0.63 0.37–1.05 .082

NOTE. CI, confidence interval; NA, not applicable; OR, odds ratio.
a Test for trend. (x2 test); (x2 test) among HIV-1–infected categories only.P p .012 P p .307

ferent results in our cohort, compared with those previously

reported for predominantly male study populations. Routes

and mechanisms of HIV-1 infection may differ in men and

women. Recent studies, including a study that compared WIHS

to the Multicenter AIDS Cohort Study, a large cohort of men,

have documented such sex-specific differences in the biology

of HIV-1 [14–18].

A possible explanation for the sex-specific difference may lie

in the variable expression of CCR5 receptors in different tissues,

such as those in the vagina and rectum. Differential expression

of CCR5 has been reported in the female genital tract versus

that in the blood and other tissues [34, 35]. In addition, the

level of CCR5 expression was found to be increased in the

female genital tract by sexually transmitted diseases and pro-

gesterone [36]. Because men and women are exposed sexually

to HIV-1 through different tissues, quantitative differences in

CCR5 expression in those tissues may provide a basis for partial

protection against HIV-1 transmission in D32 heterozygotes.

Interestingly, in our study, the CCR5 genotype had a greater

effect on transmission among those with a history of IDU than

among heterosexuals or transfusion recipients, which suggests

that, as reported in other studies, those with a history of IDU

had a high degree of sexual exposure, perhaps due to trading

sex for drugs [20, 21].

Heterosexual transmission of HIV-1 has been spreading rap-

idly in Africa and Asia. It is unclear why the epidemic is spread-

ing faster in certain communities and parts of the world than

others, but the explanation is probably multifactorial. Fre-

quency of other sexually transmitted infections, behavioral risk

factors, and background prevalence rates are likely to dominate

any predictive model that describes the variability in the in-

cidence of HIV-1 infection around the world. However, dif-

ferences in genetic susceptibility to HIV-1 among populations

may be quite relevant to the pace of the epidemic. For exam-

ple, persons with a low prevalence of “genetic resistance” pro-

files, such as blacks in the United States, have not experienced

epidemic spread of the magnitude seen in Africa. Thus, the

absence of a protective immunogenetic profile among persons

in a given population does not necessarily result in very high

transmission if there are comparatively lower frequencies of

high-risk behavioral activity or cofactors for transmission, such

as reproductive tract infections. Nevertheless, the current pro-

portion of cumulative AIDS cases among black women in the

United States (58.0%) exceeds the proportion of blacks in the

US population (12.3%); this increase in cases also is seen among

Latinas (19.6% of AIDS cases and 12.5% of the US population)

[37, 38].

One mathematical model predicted that the D32 allele would

limit the heterosexual HIV-1 epidemic in populations where this

allele is common [13]. The data presented here support this

prediction, which suggests that the low frequency of the D32

allele in nonwhite women may render these populations some-

what more susceptible to transmission of HIV-1 than populations

with higher frequencies of the protective deletion in CCR5.
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