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Background. Individuals who acquire human immunodeficiency virus (HIV) may experience an immediate

disruption of genital tract immunity, altering the ability to mount a local and effective immune response. This study

examined the impact of early HIV infection on new detection of human papillomavirus (HPV).

Methods. Onehundredfifty-fiveZimbabweanwomenwithobservationperiods before and afterHIVacquisition and

486 HIV-uninfected women were selected from a cohort study evaluating hormonal contraceptive use and risk of HIV

acquisition. Study visits occurred at 3-month intervals. Cervical swab samples available from up to 6 months before, at,

and up to 6 months after the visit when HIV was first detected were typed for 37 HPV genotypes or subtypes.

Results. We observed �5-fold higher odds of multiple (>2) new HPV detections only after HIV acquisition,

relative to HIV-negative women after adjusting for sexual behavior and concurrent genital tract infections. We also

observed �2.5-fold higher odds of single new HPV detections at visits before and after HIV acquisition, relative to

HIV-uninfected women in multivariable models.

Conclusions. These findings suggest that HIV infection has an immediate impact on genital tract immunity, as

evidenced by the high risk of multiple new HPV detections immediately after HIV acquisition.

Cervical human papillomavirus (HPV) infections are

substantially more common among women infected

with human immunodeficiency virus (HIV), compared

with HIV-uninfected women with similar sexual histo-

ries [1–10]. During the chronic stage of HIV infection,

the natural history of HPV is independently associated

with peripheral markers of immune suppression (ie,

CD4 cell count) and HIV load [11]. Notably, incident

detection of HPV DNA from the lower genital tract of

sexually abstinent women was reported to range from

5% in HIV-negative women to 22% in HIV-positive

women with a CD4 cell count of ,200 cells/lL, sug-
gesting that a substantial fraction of new HPV detection

reflects reactivation of controlled, undetectable DNA

rather than new acquisition [11].

Recent studies suggest a compartmentalized HIV-

mediated immune suppression, specifically CD41

memory T cell depletion, within days of HIV acquisi-

tion. HIV and simian immunodeficiency virus (SIV),

upon entry, target a subset of memory CD41 T cells

localized in the mucosal compartments, particularly the

gut, to produce the peak viremia associated with acute

HIV infection [12–19]. The targeted memory CD41

T cells are activated and carry the CCR5 coreceptor, both

of which are necessary for HIV entry and dissemination.
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One study of the endocervix, conducted in rhesus macaques,

found that nearly 90% of the memory CD41 T cells were in-

fected and depleted during acute SIV infection to drive early viral

production [20]. Since CD41 T cell help appears to be critical for

effective control of reactivation of chronic or latent infections

such as cytomegalovirus and varicella-zoster virus [21–25], it is

possible that the presumed reactivation of HPV infection ob-

served in chronically HIV-infected, sexually abstinent women

will increase immediately following HIV acquisition.

We therefore sought to investigate whether newly detected

HPV infections would significantly increase immediately after

HIV acquisition, when there is believed to be a compartmental-

ized immune suppression in the genital tract mucosa. To achieve

this, we measured newly detected HPV type-specific infections

among women who did and women who did not acquire HIV

with 3-month interval sampling, in a subset of Zimbabwean

women participating in the prospective Hormonal Contracep-

tion and the Risk of HIV Acquisition (HC-HIV) study.

MATERIALS AND METHODS

Study Population
The HC-HIV study cohort has been described in detail else-

where [26]. Briefly, fromNovember 1999 through January 2004,

6156 women from the general population seeking reproductive

and general health care services were recruited from Uganda,

Zimbabwe, and Thailand. Inclusion criteria included being 18–

35 years of age, sexually active, and HIV-negative.

Women who enrolled were followed up every 3 months for

15–24 months. At enrollment and each follow-up visit, women

answered a standardized questionnaire to capture demographic,

behavioral, and health history information. Women also un-

derwent a physical examination and provided blood, vaginal,

and cervical samples for testing of HIV, herpes simplex virus

type-2 (HSV-2), and concurrent sexually transmitted infections

(STIs). All participants received HIV pretest and posttest

counseling, risk reduction counseling, and access to hormonal

contraception, condoms, and treatment for concurrent STIs

during the course of the study.

Study Design
We selected women from the Zimbabwe study site who acquired

HIV (N 5 155) and matched them to women who remained

HIV-uninfected (N 5 486) on time in study, age, and genital

tract infections. Women were frequency matched on the

following age categories: 18–19, 20–24, 25–29, and 30–35 years.

A woman was positive for the composite STI variable if any

genital tract infections (Chlamydia trachomatis infection,Neisseria

gonorrhoeae infection, or bacterial vaginosis) were present at the

visit when HIV was first detected or the prior visit. Up to 4 HIV-

uninfected women were matched to each HIV-infected woman.

Up to 5 total cervical swab samples for each woman were

selected for HPV testing, anchored by the first HIV polymerase

chain reaction (PCR)–positive visit (index visit) among the se-

roconverters. The 5 visits included the intended visits 3 and 6

months prior to the index visit (t22 and t21, respectively), the

index visit (tindex), and the visits 3 and 6 months following the

index visit (t11 and t12, respectively). Because HIV-negative

women were matched to case women on time in follow-up, the

index visit among the HIV-negative women corresponds to the

study visit number of the matching seroconverter.

Cervical samples were collected by inserting a small tipped swab

into the endocervix and rotating it for 15–30 s before placing into 1

mL of Amplicor C. trachomatis and N. gonorrhoeae lysis buffer

(Roche Diagnostics) for C. trachomatis and N. gonorrhoeae PCR.

After agitation and removal of the swab, 1mL of diluent wasmixed

with the sample. Aliquots of the residual processed cervical samples

were shipped on ice to Johns Hopkins Bloomberg School of Public

Health (Baltimore, MD) and stored at 280�C until testing.

The study was approved by the institutional review boards

of the participating institutions in the United States and

Zimbabwe. All women provided written informed consent prior

to study participation.

Laboratory Methods
HIV Testing. DNA PCR results from dried blood spots ulti-

mately determined the visit when a participant was first positive

for HIV (Amplicor HIV-1 DNA test; version 1.5; Roche Diag-

nostics). In brief, enzyme-linked immunoassays were performed

on serum samples at each study visit. Any positive result was

confirmed with (1) rapid testing and (2) Western blot assay or

PCR. For women with confirmed HIV seroconversion, PCR

testing was performed serially on stored blood spots from prior

visits to determine the date of HIV acquisition [26].

HPV Detection and Genotyping. DNA was extracted from

a 250-lL aliquot of exfoliated cell samples using the QIAamp

DNA blood MDx protocol (Qiagen). DNA was resuspended in

185 lL of Tris-EDTA buffer, and an 8-lL aliquot of the purified

DNA was amplified using the Roche HPV Linear Array test [27],

which co-amplifies with high efficiency.40HPV genotypes and

subtypes known to infect the genital tract. High-risk HPV types

were defined as 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,

and 68. Low-risk HPV types were defined as 6, 11, 26, 40, 42, 53,

54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 73, 81, 82, 82 subtype (IS39),

83, 84, and 89. Positive and negative controls were used to

monitor extraction, amplification, and detection steps of each

assay.

STI/Genital Tract Infection Testing. In the parent study,

PCR assays were conducted at each visit to detect C. trachomatis

and N. gonorrhoeae (Amplicor; Roche Diagnostics). Amsel

criteria were used to diagnose bacterial vaginosis [28]. Enzyme-

linked immunosorbent assays were conducted on serum

samples collected at baseline and during follow-up to determine
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prevalent and incident infections with HSV-2 (Focus Technol-

ogies) [26, 29].

Statistical Analyses
A total of 641 women were selected for the study. Eight women

who did not have samples from either of the visits before the

index visit (t22 or t21) and 1 woman who had insufficient

cellular material at her only available visit before the index visit

were excluded, leaving a total analysis population of 632 women.

Baseline characteristics were assessed at the t22 visit (or at the

t21 visit when the t22 visit was missing). At each visit of

a woman’s follow-up (t21, tindex, t11, and t12), the median

duration of months and interquartile ranges were estimated for

those who did and those who did not acquire HIV.

Time-varying composite variables were constructed to

describe sexual behaviors of the participant and her primary

partner [30]. In brief, a participant’s behavior was dichotomized

as high sexual risk if she reported having multiple sex partners,

having a new sex partner, and/or engaging in commercial sex.

A primary partner’s behavior was dichotomized as having high

sexual risk if the participant reported having a partner who had

HIV infection, urethral discharge, significant weight loss, sex

with a commercial sex worker, and/or spent nights away from

home. Peripheral blood CD41 T cell counts and plasma HIV

RNA loads were available for 111 (72%) of 155 HIV-infected

women. Baseline covariates were compared between those who

remained HIV-negative and those who acquired HIV by use of

the Pearson v2 test and the Wilcoxon rank-sum test.

Newly detected HPV infections were categorized as a multino-

mial outcome (0, 1, or >2 new HPV infections). At each follow-

up visit (t21, tindex, t11, and t12), the number of newly detected

type-specific HPVs since the prior visit were summed prior to

categorization. Because we tested for 37 HPV types at each visit, all

women remained at risk for at least 1 new type at each pair-wise

visit comparison. If there was an intercurrent negative detection

for a type-specific infection (eg, positive, followed by negative,

followed by positive), the follow-up detection of that type was

counted as a newly detected infection. A sensitivity analysis was

performed where type-specific infections detected after an in-

tercurrent negative detection were excluded from the analysis.

We estimated the independent effect of HIV acquisition on new

HPV DNA detection by use of multinomial logistic regression,

adjusting for lifetime number of sex partners, primary partner

risk, and genital tract infections (composite STI). The in-

terpretation of the odds ratio is the likelihood of detecting a single

or multiple new HPV types, as opposed to none, during the pe-

riods before and after HIV acquisition, independent of sexual

behavior and genital tract infections. We incorporated a cluster

variable to calculate 95% confidence intervals with robust stan-

dard errors to account for repeated measures within participants

[31]. Covariates such as marital status, living with a partner,

contraceptive method, and HSV-2 infection were found not to be

informative and were not included in the final model. We used

the Stata statistical package (version 9.2; StataCorp) for all

analyses.

RESULTS

The median age at the index visit was 25 years. Women who

acquired HIV were less likely to be in a monogamous marriage,

living with their primary partner, and using a form of hormonal

contraception (Table 1). They were also more likely to have .1

lifetime partner and have a high-risk primary partner. Women

who acquired HIV had shorter intervals of follow-up time after

HIV acquisition and were more likely to have gonorrhea, bac-

terial vaginosis, and HSV-2 infection. Baseline HPV prevalence

differed between the 2 groups. Women who acquired HIV were

more likely to have the following: (1) any HPV infection, (2)

high-risk HPV infection, (3) low-risk HPV infection, and (4)

multiple HPV type-specific infections at baseline, compared

with HIV-uninfected women. There were no baseline differences

in age, years of education, age at first sexual activity, number of

lifetime pregnancies, coital frequency, participants’ sexual risk

behavior, or co-infection with C. trachomatis.

The crude proportions of single or multiple new HPV types

varied for the women who acquired HIV over time (Table 2).

HIV-infected women had a 2-fold increased odds ratio for

a single detection of HPV both before and after HIV acquisition

relative to HIV-negative women (Figure 1). In contrast, the risk

of detection of multiple new HPV types was only increased after

HIV acquisition. Specifically, women who acquired HIV had no

increased risk of detection of multiple newHPV types when they

remained HIV-negative, but they did have a �5-fold increased

odds ratio of new detection of multiple type-specific HPV in-

fections starting at the first HIV-positive visit through the next 2

sampling intervals compared with women who remained HIV-

uninfected (Figure 1). Similar results were obtained after ex-

cluding new type-specific detections following intercurrent

negative infections (163 intercurrent negative infections of 1033

newly detected infections [16%]).

CD41 T cell counts and HIV RNA loads at the visit after HIV

acquisition (t11) did not significantly differ by HPV status, as

defined by any prevalent HPV infection, any single new HPV

detection, or detection of multiple new HPV types (data not

shown). Adjustment for markers of sexual risk, including life-

time number of partners, partner’s sexual risk behavior, and

genital tract infections, did not substantially attenuate the esti-

mates associated with HIV acquisition (Tables 3 and 4) but were

independently associated with new HPV detection.

DISCUSSION

We observed a sustained, �5-fold increased odds of new HPV

detection with multiple types in HIV-infected women,
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Table 1. Time-fixed and Time-varying Characteristics of Study Population by Human Immunodeficiency Virus Status Among the
Baseline Visits

Characteristic

No. (%) of HIV-infected

women (n 5 154)

No. (%) of HIV-uninfected

women (n 5 478) Pa

Time fixed

Age, years .98

18–19 14 (9) 46 (10)

20–24 64 (42) 205 (43)

25–29 47 (31) 142 (30)

30–36 29 (19) 85 (18)

Marital status ,.01

Monogamous 113 (73) 417 (87)

Not marriedb 25 (16) 37 (8)

Polygamous 16 (10) 24 (5)

Living with partner ,.01

Yes 128 (83) 441 (92)

No 26 (17) 37 (8)

Education level, years .77

0–8 28 (18) 92 (19)

9–17 126 (82) 386 (81)

Contraceptive method .02

None 54 (35) 115 (24)

Depot-medroxyprogesterone acetate 52 (34) 173 (36)

Combined oral contraceptives 48 (31) 190 (40)

Age at first sexual activity, years .14

12–17 52 (34) 193 (40)

18–27 102 (66) 285 (60)

Lifetime no. of pregnancies .67

0–1 51 (33) 157 (33)

2 62 (40) 177 (37)

>3 41 (27) 144 (30)

Lifetime no. of sex partners ,.01

1 92 (60) 364 (76)

2 36 (23) 72 (15)

>3 26 (17) 42 (9)

Time varying

Median duration at each follow-up visit,
months (IQR)

t21 2.7 (2.5–2.8) 2.6 (2.5–2.8) .54

tindex 2.7 (2.5–3.9) 2.7 (2.5–3.3) .53

t11 2.5 (1.1–5.0) 2.7 (2.6–2.8) .01

t12 1.2 (.5–2.8) 2.7 (2.6–2.9) ,.01

Coital frequency, months .51

0–14 85 (55) 245 (51)

15–29 50 (33) 180 (38)

>30 19 (12) 53 (11)

Participant’s sexual risk behaviorc .25

Low 151 (98) 474 (99)

High 3 (2) 4 (1)

No. of nights primary partner spent away
from home per monthd

.57

0 94 (61) 313 (66)

1–15 40 (26) 114 (24)

16–30 20 (13) 49 (10)
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Table 1. (Continued)

Characteristic

No. (%) of HIV-infected

women (n 5 154)

No. (%) of HIV-uninfected

women (n 5 478) Pa

Primary partner with CSW since last visitd .04

No 138 (90) 447 (94)

Yes 13 (8) 30 (6)

Primary partner with another woman
since last visit

.02

No 66 (43) 260 (54)

Yes 28 (18) 53 (11)

Do not know 60 (39) 165 (35)

Primary partner sexual risk behaviore .03

Low 48 (31) 196 (41)

High 106 (69) 282 (59)

Chlamydiad .16

Negative 146 (95) 466 (98)

Positive 8 (5) 11 (2)

Gonorrhead ,.01

Negative 141 (92) 470 (98)

Positive 13 (8) 7 (2)

Bacterial vaginosis ,.01

Negative 105 (68) 381 (80)

Positive 49 (32) 97 (20)

Composite STIdf .77

Negative 50 (33) 157 (33)

Positive 100 (65) 313 (66)

HSV-2 serologyd ,.01

Negative 27 (18) 227 (48)

Positive 126 (82) 250 (52)

Any HPV ,.01

Negative 55 (36) 251 (53)

Positive 99 (64) 227 (48)

Any high-risk HPV type ,.01

Negative 73 (47) 313 (66)

Positive 81 (53) 165 (35)

Any low-risk HPV type ,.01

Negative 80 (52) 348 (73)

Positive 74 (48) 130 (27)

No. of HPV types ,.01

0 55 (36) 251 (53)

1 24 (16) 120 (25)

2 21 (14) 54 (11)

3 24 (16) 22 (5)

4–15 30 (20) 31 (7)

NOTE. CSW, commercial sex worker; HPV, human papillomavirus; HSV-2, herpes simplex virus type 2; IQR, interquartile range; STI, sexually transmitted

infection; t21, last visit before that when human immunodeficiency virus (HIV) was detected; tindex, index visit when HIV was detected; t11, first visit after that when

HIV was detected; t12, second visit after that when HIV was detected.
a Pearson v2 and Wilcoxon rank-sum tests.
b Not married includes never married, separated, divorced, or widowed.
c High risk was defined as having multiple partners, a new partner, commercial sex, and/or sex with another man in the past 3 months.
d Some samples are missing.
e High risk was defined as a partner who was HIV-positive, had abnormal discharge, had weight loss, had sex with another women, or spent 1 or more nights

away from home in a typical month since the last visit.
f Positive for Chlamydia trachomatis, Neisseria gonorrhoeae, or bacterial vaginosis at index visit or last negative visit.
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beginning at the first HIV-positive sampling. The risk of new

single-type HPV detection was elevated among HIV-infected

women both before and after HIV acquisition compared with

women who remained HIV-uninfected during the observational

period. The findings support our hypothesis that HIV causes

a profound and immediate disruption to the genital tract im-

munity, resulting in increased risk of new or reactivated HPV

infections.

Although the rapid depletion of gut-associated CD41 cells

following HIV acquisition in humans has been well described

[13,19,32–34], no studies have evaluated the immunologic ef-

fects of HIV acquisition on genital tract immunity. While we

were unable to directly assess this, our data suggest that

HIV acquisition may rapidly compromise local immune mem-

ory function. This explanation would be consistent with the

observation that reactivation of Mycobacterium tuberculosis

infection was associated with a selective depletion of

M. tuberculosis–specific memory CD41 T cells in early HIV

infection [35, 36].

We are unable to determine whether the increase in multiple

new HPV type detection results from an increased susceptibility

to new HPV infections or re-infection, reactivation of existing

infections [37–42], or both. While new infections or re-

infections from the male sex partner cannot be ruled out, in-

creasing evidence suggests that loss of HPV detection may not

reflect complete virologic clearance. Strickler et al [11] reported

a high proportion of newly detected HPV infections in HIV-

positive women who remained sexually abstinent for up to

18 months (22% among women with CD4 cell counts of

,200 cells/lL). More recently, a nontrivial incidence rate of

redetection of apparently cleared HPV type-specific infections

(�8%) was reported among young women in the placebo arm

of a HPV vaccine trial [43]. In addition, it is difficult to reconcile

the rapid emergence (,12 weeks) of multiple new HPV in-

fections with the estimated time required for HPV to sufficiently

replicate in the differentiating epithelium and become detectable

in exfoliated cells [44].

The observation that the risk of single new HPV detection

among HIV-infected women was increased during the interval

preceding HIV acquisition, compared with women who re-

mained HIV-uninfected, is interesting. One interpretation is

that the risk difference in single new HPV detection simply

reflects the higher burden of penile HPV infection among the

male HIV-infected sex partners (ie, confounding by shared

sexual risk) [45, 46]. The fact that the number of multiple new

HPV detections was not similarly elevated prior to HIV acqui-

sition suggests that confounding by shared sexual risk factors is

unlikely to completely explain our observations.

Table 2. Crude Proportions of Newly Detected Human Papillomavirus Types Stratified by Human Immunodeficiency Virus Status and
Visit

No. of newly

detected HPV

types

No. (%) of HIV-uninfected women No. (%) of HIV-infected women

t21(n 5 388) tindex(n 5 455) t11(n 5 394) t12(n 5 334) t21(n 5 119) tindex(n 5 150) t11(n 5 127) t12(n 5 120)

0 310 (80) 340 (75) 286 (73) 262 (78) 77 (65) 89 (59) 66 (52) 59 (49)

1 53 (14) 81 (18) 69 (18) 43 (13) 30 (25) 24 (16) 31 (24) 33 (28)

>2 25 (6) 34 (8) 39 (10) 29 (9) 12 (10) 37 (25) 30 (24) 28 (23)

NOTE. HPV, human papillomavirus; t21, last visit before that when human immunodeficiency virus (HIV) was detected; tindex, index visit when HIV was detected;

t11, first visit after that when HIV was detected; t12, second visit after that when HIV was detected.

Single new HPV detection

t-1 tindex t+1 t+2

0.1

10

ref.

A
d

ju
st

ed
 O

R
 (

95
%

 C
I)

Multiple new HPV detection

t-1 tindex t+1 t+2

0.1

10

ref.

A
d

ju
st

ed
 O

R
 (

95
%

 C
I)

HIV seroconvertersHIV uninfected

Figure 1. Newly detected human papillomavirus (HPV) infection by
follow-up time for human immunodeficiency virus (HIV)–uninfected and
HIV-infected participants. The last visit before that when HIV was detected
(pre-index visit; t21) serves as the reference category; estimates were
adjusted for lifetime number of sex partners, primar partner risk, and
genital tract infections (composite sexually transmitted infection). Adjusted
for lifetime number sex partners, primary partner risk and composite STI. CI,
confidence interval; HPV, human papillomavirus; OR, odds ratio; ref,
reference group; tindex, index visit; t11, first visit after that when HIV was
detected; t12, second visit after that when HIV was detected.
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Recently, we and others have reported an increased risk of

HIV acquisition among HPV-positive women, particularly

among women with loss of HPV detection in the interval pre-

ceding HIV acquisition [47, 48]. The apparent association be-

tween loss of HPV just prior to HIV acquisition and new

detection of multiple HPV types at and subsequent to HIV ac-

quisition raise important questions regarding the interaction of

these viral infections. One explanation is that the lost HPV

preceding HIV acquisition is then redetected at a later visit;

indeed, this may explain the similar odds ratio of a new single

HPV detection at the index visit among HIV-uninfected and

HIV-infected women. However, only 16% of all new HPV type-

specific detections in this study were recurrent detections fol-

lowing a single intercurrent negative result; excluding these in-

fections as incident events did not change our findings of an

increased risk of new multiple-type HPV detection following

HIV acquisition. Taken together, these data suggest a complex

immunologic microenvironment in HPV and HIV co-infection,

which should be evaluated in more detail.

Our study has a number of strengths. First, it is one of the

few studies to include women with early HIV infection with

known dates of HIV acquisition. These dates were precisely

defined by PCR-based methods, rather than by serology. Sec-

ond, this study could sensitively detect up to 37 HPV geno-

types and subtypes and could restrict the analysis to newly

detected (rather than prevalent) infections. In addition, the

study was prospective, had follow-up visits every 2–3 months,

and could better detect HPV and behavioral changes during

shorter time intervals bounding HIV acquisition compared

with previous studies.

Table 3. Unadjusted and Adjusted Associations of Newly Detected Human Papillomavirus Infections Before and After Human
Immunodeficiency Virus Acquisition Relative to the Pre-index Visit of the Human Immunodeficiency Virus-uninfected Women

Any new HPV type Single new HPV type Multiple new HPV types

Characteristic

Adjusteda,b

RR (95% CI)

Unadjustedc

OR (95% CI)

Adjusteda,c

OR (95% CI)

Unadjustedc

OR (95% CI)

Adjusteda,c

OR (95% CI)

Women stratified by visit HIV uninfected

t21
d 1.0 1.0 1.0 1.0 1.0

tindex 1.2 (1.0–1.6) 1.4 (1.0–2.0) 1.4 (1.0–2.1) 1.2 (.7–2.0) 1.2 (.7–2.1)

t11 1.4 (1.1–1.7) 1.4 (1.0–2.1) 1.4 (1.0–2.1) 1.7 (1.1–2.6) 1.7 (1.1–2.7)

t12 1.1 (.8–1.4) 1.0 (.6–1.5) 1.0 (.6–1.5) 1.4 (.8–2.3) 1.3 (.8–2.3)

HIV infected

t21 1.7 (1.2–2.3) 2.4 (1.4–4.1) 2.3 (1.4–3.9) 2.0 (1.0–4.2) 1.8 (.9–3.7)

tindex 1.9 (1.4–2.5) 1.6 (.9–2.7) 1.5 (.9–2.6) 5.1 (2.9–8.9) 4.7 (2.6–8.3)

t11 2.2 (1.6–2.9) 2.8 (1.6–4.6) 2.6 (1.5–4.3) 5.6 (3.1–10.1) 4.9 (2.6–9.2)

t12 2.2 (1.6–3.1) 2.7 (1.4–5.3) 2.5 (1.3–4.9) 6.3 (3.1–12.9) 5.6 (2.7–11.7)

Lifetime no. of sex partners

1 1.0 1.0 1.0 1.0 1.0

2 1.0 (.8–1.2) 1.2 (.9–1.7) 1.0 (.7–1.5) 1.3 (.8–2.0) 1.0 (.6–1.6)

>3 1.4 (1.2–1.8) 2.0 (1.4–2.9) 1.8 (1.2–2.6) 2.5 (1.6–3.9) 1.9 (1.2–3.1)

Primary partner riske

Low 1.0 1.0 1.0 1.0 1.0

High 1.4 (1.2–1.6) 1.4 (1.1–1.8) 1.2 (1.0–1.6) 2.6 (1.9–3.7) 2.3 (1.6–3.2)

Composite STIf

Negative 1.0 1.0 1.0 1.0 1.0

Positive 1.4 (1.2–1.7) 1.7 (1.3–2.2) 1.7 (1.3–2.2) 1.7 (1.1–2.4) 1.5 (1.0–2.2)

NOTE. CI, confidence interval; HPV, human papillomavirus; OR, odds ratio; RR, relative risk; STI, sexually transmitted infection; t21, last visit before that when

Human Immunodeficiency Virus (HIV) was detected; tindex, index visit when HIV was detected; t11, first visit after that when HIV was detected; t12, second visit

after that when HIV was detected.
a Adjusted for lifetime number of sex partners, primary partner risk, and composite STI. Marital status, living with partner, contraceptive method, and co-infection

with herpes simplex virus type 2 were evaluated and not included in the final model.
b Poisson regression.
c Multinomial regression.
d Pre-index visit (t21) of HIV-uninfected women is the reference group.
e High risk was defined as a partner who was HIV-positive, had abnormal discharge, had weight loss, had sex with another woman, or spent 1 or more nights

away from home in a typical month since the last visit.
f Positive for Chlamydia trachomatis, Neisseria gonorrhoeae, or bacterial vaginosis at index visit or prior visit.
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This study also has some limitations. We matched HIV-

uninfected women to women becoming HIV-infected on

a composite STI variable (positive for chlamydia, gonorrhea,

and/or bacterial vaginosis) in an attempt to control for risk of

STI; however, we did not achieve comparable prevalence of the

individual infections in the study groups. We therefore included

the composite variable in our final models. Adjustment for the

individual STIs comprising the composite STI variable yielded

similar results (data not shown). We were limited in our ability

to evaluate immunologic markers of HIV-related immune sta-

tus. However, peripheral measures of CD41 T cells and HIV

RNA loads at 1 visit after HIV acquisition (t11) were not sig-

nificantly associated with prevalent HPV infections, single new

HPV infections, or multiple newHPV infections, suggesting that

more comprehensive peripheral measures of immunity would

not contribute significantly to this analysis. Measures of HPV-

specific memory CD41 T cells in the genital tract mucosa will be

needed to directly evaluate the relationship between newly de-

tected HPV infections and a loss in memory CD41 T cells. This

may prove challenging in human studies, however, due to the

type-specificity and the lack of well-characterized HPV epitopes

required for characterization of the HPV-specific immune

response. Furthermore, complete recovery of HPV-specific

T cells is unlikely from exfoliated cell samples, and invasive

biopsies would not be feasible in a prospective study of HIV

acquisition.

In summary, our observation of increased detection of mul-

tiple newHPV types in early HIV infection supports the notion of

an immediate disruption in genital tract immunity following HIV

infection. An increased risk of new single-type HPV detection

both before and after HIV acquisition also suggests possible

shared sexual risk. Therefore, we believe that an increase in HPV

infection risk in the earliest stages of HIV infection may reflect

a combination of confounding by shared sexual risk and im-

munologic effects of HIV infection. Alternative explanations for

these observational associations are not mutually exclusive, and

these data, together with the increased risk of HIV acquisition in

women with HPV clearance but not HPV persistence, suggest

a complex immunologic response to HIV and HPV co-infections

in the genital tract that should be more fully explored.
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