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Serum samples from 2008 human immunodeficiency virus (HIV)–positive and 551 HIV-negative women were
tested for immunoglobulin A (IgA) to human papillomavirus (HPV) type 16 capsids. IgA seropositivity was
lower than previously reported IgG seropositivity (7% vs. 51%), but, like IgG antibodies, HPV 16 IgA was
associated with sexual behavior, cervicovaginal HPV 16 DNA, and cytological abnormalities. IgA seropositivity
was higher in HIV-positive women than in HIV-negative women (7.7% vs. 4.9%; ), but the associationP p .02
was lost after adjustment for HPV 16 cervicovaginal infection. IgA, but not IgG, seropositivity was associated
with progression to high-grade cytological abnormalities (relative hazard [RH], 2.2 [95% confidence interval,
1.2–4.2]), raising the possibility that an IgA response to HPV 16, as described for other DNA viruses, may be
a marker of persistent viral replication. The risk of incident infection with non–16-related HPV types was
increased in IgA seropositive women (RH, 1.8 [95% confidence interval, 1.3–2.6]), compared with seronegative
women (RH, 2.2 [95% confidence interval, 0.9–5.4]), but there was no difference in the risk of incident HPV
16 or HPV 16–related infections. This may be evidence of partial type-specific or clade-specific immunity
conferred by seropositivity to HPV 16 capsids.

Serological assays for human papillomavirus (HPV) in-

fection that are based on viruslike particles (VLPs) have

been validated as type-specific markers of past and cur-

rent HPV infection [1]. Most seroepidemiological stud-

ies of HPV have measured serum IgG responses. IgA

is the second-most-prevalent antibody class in serum
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(for review, see [2]). The source of serum IgA is the

bone marrow, in contradistinction to secretory IgA,

which is locally produced at mucosal surfaces. The bi-

ological activities and physiologic function of serum IgA

are poorly understood. For a number of infections, it

has been demonstrated that the serum IgA response par-

allels that of serum IgG but peaks at a lower level and

is shorter lasting [3–8]. For a number of DNA viruses,

IgA responses are associated with persistent viral repli-

cation and reactivation of latent infection [9–13].

A few seroepidemiological studies of HPV have mea-

sured serum IgA to HPV capsids. Conflicting results

have been reported regarding the determinants of IgA

seropositivity. For example, the IgA response has been

found to be either strongly [14] or weakly [15] associ-

ated with the IgG response. In one study IgA sero-

reactivity was associated with HPV DNA persistence
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[16], but in another study it was associated with HPV clearance

[17]. In a serosurvey of healthy women, serum IgA, but not

serum IgG, to HPV type 16 capsids was correlated with the

number of recent sexual partners [15]. Women with human

immunodeficiency virus (HIV) infection have been the focus

of 2 studies. In one study HPV 16 IgA seroprevalence was higher

in HIV-negative women than in HIV-positive women [18], and

in another study the combined IgA seroprevalence to 3 high-

risk HPV types (i.e., 16, 18, and 31) was lower in HIV-negative

women than in HIV-positive women [14]. The large size of

our HIV study population and careful follow-up with testing

for a wide variety of HPV DNA types may clarify the latter,

conflicting findings.

The Women’s Interagency HIV Study (WIHS) is a large pro-

spective cohort study of HIV-positive women and high risk–

matched HIV-negative women [19]. HIV-positive women have

a high prevalence of HPV infection, report sexual behaviors

that place them at risk for past and current HPV infection, and

may, because of HIV-induced immunosuppression, have in-

creased susceptibility to HPV infection. These characteristics

make HIV-infected women a highly informative population for

the study of humoral immune responses to HPV. It is also of

interest, in and of itself, to assess the effects that HIV-induced

immune suppression has on the ability to mount an HPV type–

specific IgA response. We determined the prevalence of serum

IgA reactivity to HPV 16 capsids in relation to HIV status,

cervicovaginal HPV infection, and demographic and behavioral

risk factors for HPV infection. In addition, we examined the

predictive value that HPV 16 IgA seropositivity had for sub-

sequent detection of HPV DNA in the genital tract and for

development of high-grade cytological abnormalities. Because

the serum samples had previously been tested for HPV 16 IgG

seroreactivity [20], we also compared serum IgA responses and

serum IgG responses.

SUBJECTS, MATERIALS, AND METHODS

Study population. Serological testing was done on enroll-

ment serum samples obtained from 2008 HIV-positive women

and 551 HIV-negative women enrolled in the WIHS study in

Bronx/Manhattan, NY; Brooklyn, NY; Chicago, IL; Los Angeles,

CA; San Francisco, CA; and Washington, DC. All women with

an available serum sample obtained at the enrollment visit were

included in the study. These 2559 women constituted 97% of

the 2628 participants enrolled in the WIHS. The cohort char-

acteristics, recruitment methods, and protocols of the WIHS

are described elsewhere [19]. Informed consent was obtained

from all subjects, and the human-subjects investigational com-

mittees from each participating institution approved the study.

Subjects were evaluated at enrollment and at 6-month intervals.

In brief, each woman underwent an extensive structured in-

terview detailing her medical, behavioral, and psychosocial his-

tory, including queries about past and current sexual practices.

The enrollment of HIV-positive women and HIV-negative wom-

en was conducted through similar means, and it successfully

achieved comparability between the seropositive and seronegative

cohorts, with regard to age, ethnicity, level of education, injection

drug use, number of lifetime sexual partners, and enrollment

site. Each woman received a complete physical and gynecologic

examination and provided blood, a Papanicolaou (Pap) smear,

and a cervicovaginal-lavage sample (by use of 10 mL of sterile

saline) for detection of the presence of HPV DNA.

Cervicovaginal cells were tested for the presence of HPV

DNA by polymerase chain reaction (PCR) analysis with MY09/

MY11 L1 consensus primers, including primer HMB01 and a

control primer set (PC04/GH20), which simultaneously am-

plified a b-globin DNA fragment. The PCR methodology and

the results of PCR testing for HPV in women in the WIHS

have been the subject of a previous publication [21]. HPV

genotyping was done by dot blot with type-specific probes for

the following HPV types: 6, 11, 16, 18, 26, 31, 32, 33, 35, 39,

40, 45, 51–56, 58, 59, 61, 66, 68–70, 73, and 82–84. Cervico-

vaginal cells from 42 women who were found to be positive

for HPV 16 by PCR were tested in the Hybrid Capture II assay,

a semiquantitative HPV DNA assay using an HPV 16 type-

specific probe. Specimens were considered to be positive if the

chemiluminescent signal was at least the average of 3 positive

controls consisting of 1.0 pg of HPV 16 DNA/mL.

All Pap smears were read at a central location by 2 cyto-

technologists who used the Bethesda System for cervicovaginal

cytologic diagnosis [22]. Any smear found to be abnormal by

either technologist, including atypical cells of undetermined

significance (ASCUS), as well as 10% of normal Pap smears,

were reviewed by a cytopathologist. For analysis, diagnoses were

grouped as “normal,” “ASCUS,” “low-grade squamous intra-

epithelial lesions” (LSIL), “high-grade squamous intraepithelial

lesions” (HSIL), and “cancer.”

HPV 16 VLP–based ELISA. HPV-like particles were pre-

pared in Trichoplusia ni (High Five; Invitrogen) cells from a

recombinant baculovirus expressing the L1 and L2 genes of HPV

16 and were purified by density-gradient ultracentrifugation and

column-chromatography techniques described elsewhere [20].

The blocking solution and the diluent for serum samples and

conjugate were prepared as described by Studenstsov et al. [23].

Wells of PolySorp microtiter plates (Nunc) were sensitized, over-

night at 4�C, with 50 ng of VLP protein in PBS (pH 7.2), and

were blocked, for 3 h at room temperature, with 0.5% (wt/vol)

polyvinyl alcohol (PVA) (molecular weight [MW], 30,000–

70,000; Sigma) in PBS (0.5% PVA). The blocking solution was

replaced with PBS, and the plates were stored at �20�C until
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use. Before use and after each incubation step, the plates were

washed 4 times with PBS containing 0.05% (vol/vol) Tween 20

(Sigma), in an automatic plate washer (Skanwasher 300; Ska-

tron). Serum samples diluted 1:100 in 0.5% PVA were left to

react for 1 h at 37�C. Antigen-bound immunoglobulin was de-

tected by peroxidase-conjugated goat antibodies against human

IgA (Southern Biotechnology) that were diluted 1:2000 in 0.5%

PVA, 0.025% Tween 20, 0.8% (wt/vol) polyvinylpyrrolidone

(MW, 360,000; Sigma) in PBS. After 30 min at 37�C, color de-

velopment was initiated by the addition of 2,2′-azino-di-(3-ethyl-

benzthiazoline-6-sulfonate) hydrogen peroxide solution (Kirke-

gaard and Perry). After 20 min, the reaction was stopped by

addition of 1% dodecyl sulfate, and absorbance was measured

at 405 nm, with a reference wavelength of 490 nm, in an au-

tomated microtiter plate reader (Molecular Devices). The cut

point for seropositivity was determined on the basis of the reac-

tivity of 106 plasma samples from self-reported virgins [24]. The

mean and SD of optical density (OD) values for the virgin control

subjects were calculated, and values greater than the mean plus

3 SD were excluded. The analysis was repeated on the remaining

samples until no further OD values could be excluded on the

basis of this criterion. A positive cut point of 3 SD above the

mean of this distribution was chosen. A cut point of 2 SD above

the mean was also explored, and all of the results presented below

were consistent at the lower and higher cut points.

The specificity and sensitivity of the enzyme-labeled anti-

IgA and anti-IgG conjugates were determined in an ELISA using

wells coated with purified immunoglobulin protein. In wells

coated, at 1000 ng/mL, with purified IgA, IgG, and IgM, the

mean OD value of the anti-IgA conjugate was 1.657, 0.027, and

0.033, respectively. The detection limit for IgA was 10 ng/mL.

The goat anti–human IgG conjugate (Zymed) used in a pre-

viously published study of IgG seroreactivity had a detection

limit of 3.3 ng/mL. In wells coated, at 333 ng/mL, with purified

IgA, IgG and IgM, the mean OD value of the anti-IgG conjugate

was 0.034, 1.740, and 0.116, respectively. The serum samples

had been tested for IgG reactivity to HPV 16 VLPs, as described

elsewhere [20].

Statistical analysis. Contingency tables were constructed

from categorical data, including HPV 16 IgA seropositivity and

HPV 16 IgG seropositivity. To assess the association between

HPV 16 seropositivity and other categorical variables, either

the Pearson x2 test or, in the case of ordered categorical data,

the Cochran-Armitage trend test, and logistic regression were

used. To obtain results adjusted for possible confounding var-

iables, multiple logistic regression was used.

The risk of incident HPV cervicovaginal infection was an-

alyzed by using either baseline HPV 16 IgA serostatus or HPV

16 IgG serostatus as the covariate of interest. The a priori

hypothesis was that seropositivity would be a marker of im-

mune protection and would thus confer a reduced risk of type-

specific incident infection. Cox proportional-hazards regression

was used to calculate the relative hazard (RH) and 95% con-

fidence interval (95%CI) for incident infections with HPV 16,

HPV 16–related types (31, 33, 35, 52, and 58), and non–16-

related HPV types (all other types that were identified by PCR

as described above) associated with HPV 16 IgA seropositivity

and HPV 16 IgG seropositivity, according to HIV status. An

incident infection for a particular HPV DNA group was defined

as the first occurrence of an HPV DNA type in the group during

∼1.5 years of follow-up, when an infection with a HPV DNA

type in the indicated group had not been present at the baseline

visit; the date of incident infection was defined as the midpoint

between the date of the last known infection-free study visit

and the date of the study visit when any HPV DNA type in

the indicated group was reported for the first time.

Clearance of HPV 16 was defined as any HPV 16 DNA–

negative result among individuals who had prevalent HPV 16

DNA infection at baseline. A given individual who was HPV

16 infected at baseline subsequently contributed multiple

HPV 16 measurements during follow-up visits at which clear-

ance could be documented. Generalized estimating equations

(GEEs) were used to calculate the odds ratio (OR) and 95%CI

for clearance of HPV 16 associated with either HPV 16 IgA

seropositivity or HPV IgG seropositivity, compared with the

corresponding seronegativity. In the context of this analysis,

GEEs can be viewed as a generalization of the logistic re-

gression model [25]. The GEEs adjust the SE of the estimated

OR for the correlation between repeated HPV 16 results for

each participant.

Women with HSIL, squamous-cell carcinoma, or adenocar-

cinoma on Pap smear were categorized as HSIL positive. Cox

proportional-hazards regression was used to examine the effect

that the following independent variables had on the timing of

an occurrence of HSIL positivity: HPV 16 IgA seropositivity,

HPV 16 IgG seropositivity, HPV DNA at baseline, the use of

highly active antiretroviral therapy (HAART), and CD4 cell

count. HAART use and CD4 cell count were assessed as time-

dependent covariates. HIV-positive women who had a normal,

ASCUS, or LSIL Pap-smear result at baseline were included in

the analysis. Statistical analyses were performed by use of SAS

version 8.2.

RESULTS

Comparison of HPV 16 IgA seropositivity and HPV 16 IgG

seropositivity. The seroprevalence of IgA reactivity to HPV

16 capsids was 7.7% (155/2008 women) in HIV-positive women

and 4.9% (27/551 women) in HIV-negative women. With re-

gard to IgA seroprevalence, the difference between HIV-positive

women and HIV-negative women was statistically significant

( ). In HIV-positive women, there was no statisticallyP p .02
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significant association between HPV 16 IgA seroprevalence and

either baseline CD4 cell count ( ) or baseline HIV RNAP p .69

copies/mL ( ). The serum samples had previously beenP p .55

tested for IgG reactivity to HPV 16 capsids [20]. Serum HPV

16 IgA reactivity was strongly associated with HPV 16 IgG

reactivity ( ). Of the 182 IgA-seropositive women, 144P ! .01

(79.1%) were IgG seropositive; of the 1250 IgG-seronegative

women, only 38 (3.0%) were IgA seropositive (data not shown).

The association between IgA seroreactivity and IgG seroreac-

tivity was statistically significant both in HIV-positive women

and in HIV-negative women ( ).P ! .01

HPV 16 IgA seropositivity and demographic, social, and

sexual characteristics of the study population. The associ-

ation of HPV 16 IgA seropositivity and various demographic,

social, and sexual characteristics of the study population, strat-

ified by HIV serostatus, are shown in table 1. HPV 16 IgA

seropositivity was not found to be significantly associated with

ethnicity, marital status, age, recent injection drug use, current

cigarette smoking, or use of oral contraceptives during the pre-

ceding 6 months. There was no significant association between

age at first intercourse and HPV 16 IgA seropositivity. However,

for HIV-positive women, HPV 16 IgA seropositivity was as-

sociated with 2 other measures of sexual behavior—lifetime

number of male sex partners and number of male sex partners

during the preceding 6 months; the HPV 16 IgA seroprevalence

increased from 6.4%, in women who reported 0–2 lifetime male

sex partners, to 9.7% and 9.5%, respectively, in those who

reported 15–40 and 140 lifetime male sex partners ( ),P p .01

and it was 12.4% in HIV-positive women who reported having

had �3 male sex partners during the preceding 6 months,

compared with 7.3% in those who reported having had �2

male sex partners during the preceding 6 months ( ).P p .04

There was no significant association between HPV 16 IgA se-

ropositivity and self-reported prior gonorrhea, syphilis, or vag-

inal herpes, or self-reported genital warts, but, in HIV-positive

women, IgA was significantly associated with a history of having

had an abnormal Pap smear (9.5% vs. 6.6%; ). AmongP p .02

HIV-negative women, there were no statistically significant as-

sociations between HPV 16 IgA seropositivity and any of the

variables listed in table 1; however, only 27 HIV-negative

women were IgA seropositive.

HPV 16 IgA seropositivity and HPV cervicovaginal infection

and disease. HIV-positive women and HIV-negative women

whose cervicovaginal lavage specimens were HPV DNA neg-

ative by PCR had similar HPV 16 IgA seropositivity rates (4.7%

and 4.3%, respectively; table 2). HPV 16 IgA seroprevalence

was 3 times higher in HIV-positive women with detectable HPV

16 DNA in the genital tract than in those with no detectable

HPV 16 DNA (12.8% vs. 4.7%; ). Of 34 women whoP ! .01

were positive for HPV 16 by PCR and who also tested positive

in the HPV 16–specific Hybrid Capture II assay, 6 (18%) were

HPV 16 IgA seropositive, compared with none of 8 women

who were positive for HPV 16 by PCR but who tested negative

for it in the Hybrid Capture II, and, for women with 1100 pg

of HPV 16 DNA/mL, HPV 16 IgA seroprevalence was 27% (3/

11 women). Only 10 HIV-negative women had a HPV 16 cer-

vicovaginal infection, and none of these women were HPV 16

IgA seropositive. In HIV-positive women, HPV 16 IgA seropos-

itivity was higher in women who were positive for HPV DNA

genotypes other than HPV 16, compared with women who had

no HPV DNA (9.3% vs. 4.7%; ). There was no significantP ! .01

difference, in HPV 16 IgA seroprevalence, between women in-

fected with HPV 16–related types and those infected with other

HPV types (9.0% vs. 10.4% and 4.8% vs. 5.6%, in HIV-positive

women and HIV-negative women, respectively).

Among HIV-positive women, serum HPV 16 IgA was sig-

nificantly associated with squamous intraepithelial lesions in

women who were positive for HPV 16 DNA, but not in women

who were negative for HPV DNA and who had other HPV

types in the genital tract (table 3). Among women who were

positive for HPV 16 DNA, the prevalence of HPV 16 IgA se-

ropositivity was 24.2% in women with either LSIL or HSIL,

compared with 5.5% in women with either normal or ASCUS

Pap-smear results ( ). Among women who harboredP p .02

other HPV types in the genital tract, HPV 16 IgA seropositivity

was comparable in women who had LSIL/HSIL Pap smears and

in those who had either normal or ASCUS Pap smears (10.3%

vs. 8.8%; ). As expected, cytological abnormalities wereP p .52

uncommon in women who were negative for HPV DNA (n

p14); none of these women were HPV 16 IgA seropositive.

HIV-negative women were not analyzed, because only a small

number had cytological abnormalities ( ) and/or HPVn p 17

16 infection ( ).n p 10

HPV 16 IgA seropositivity and HIV infection. Multivar-

iate logistic regression was used to examine the association

between HPV 16 IgA seropositivity and HIV serostatus. The

model examined the association between HIV infection and

HPV 16 IgA seropositivity after adjustment for (1) sexual be-

haviors, which are established risk factors for past exposure to

HPV; (2) a history of an abnormal Pap smear, which, in this

population, was the only other demographic characteristic that

was significantly associated with seropositivity in univariate

analyses; and (3) baseline HPV cervicovaginal infection and

HPV-associated cytological abnormalities. HIV serostatus was

significantly associated with HPV 16 IgA seropositivity in a

univariate analysis (OR, 1.6 [95%CI, 1.1–2.5]). After adjust-

ment for the aforementioned variables, the association lost sta-

tistical significance (OR, 1.5 [95%CI, 0.9–2.4]). In the adjusted

model, the only variable that remained significantly associated

with HPV 16 IgA seropositivity was the detection of any HPV

DNA in the genital tract (OR, 1.8 [95%CI, 1.2–2.7]).

Predictive value of HPV 16 IgA seropositivity and of HPV
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Table 1. Association between seropositivity and various demographic, social, and sexual char-
acteristics of women in the Women’s Interagency HIV Study cohort, stratified by human immu-
nodeficiency virus (HIV) serostatus.

Characteristic

HIV positive HIV negative

Total
No. (%)
positive P Total

No. (%)
positive P

Race .09 .93

African American 1114 90 (8.1) 292 15 (5.1)

White 360 19 (5.3) 87 5 (5.8)

Hispanic/Latina 479 45 (9.4) 153 7 (4.6)

Marital status .64 .81

Currently married 437 38 (8.7) 143 8 (5.6)

Not currently married 655 48 (7.3) 129 5 (3.9)

Never married 900 66 (7.3) 275 14 (5.1)

Age, years .25 .20

�30 394 36 (9.1) 166 5 (3.0)

130 1614 119 (7.4) 385 22 (5.7)

Recent injection drug use .67 .23

No 1798 137 (7.6) 480 26 (5.4)

Yes 200 17 (8.5) 69 1 (1.5)

Oral contraceptive use during past 6 months .44 .71

No 1915 150 (7.8) 506 24 (4.7)

Yes 91 5 (5.5) 44 3 (6.8)

Current smoker .24 .31

No 898 62 (6.9) 198 7 (3.5)

Yes 1105 93 (8.4) 351 20 (5.7)

Age at first intercourse, years .24 .62

116 705 47 (6.7) 194 10 (5.2)

15–16 533 41 (7.7) 165 10 (6.1)

�14 741 67 (9.0) 183 7 (3.8)

Lifetime sex partners, no. .01a .16a

0–2 188 12 (6.4) 50 2 (4.0)

3–7 526 29 (5.5) 147 11 (7.5)

8–15 398 30 (7.5) 127 4 (3.2)

16–40 310 30 (9.7) 102 8 (7.8)

140 537 51 (9.5) 114 1 (0.9)

Male sex partners during past 6 months, no. .04 1.00

0–2 1857 136 (7.3) 496 24 (4.8)

�3 129 16 (12.4) 51 3 (5.9)

Ever have abnormal pap smear .02 .66

No 1126 74 (6.6) 376 20 (5.3)

Yes 813 77 (9.5) 149 6 (4.0)

Genital warts .37 .50

No 1519 112 (7.4) 497 26 (5.2)

Yes 475 41 (8.6) 48 1 (2.1)

Other sexually transmitted infectionsb .24 .15

No 875 60 (6.9) 355 14 (3.9)

Yes 1110 93 (8.4) 189 13 (6.9)

a Value shown is Ptrend.
b Gonorrhea, syphilis, or vaginal herpes.
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Table 2. Human papilloma virus (HPV)–16 IgA seropositivity and HPV cervicovaginal
infection in the Women’s Interagency HIV Study cohort, stratified by human immunodefi-
ciency virus (HIV) serostatus.

Group

HIV positive HIV negative

Total
No. (%) IgA

positive OR (95%CI) Total
No. (%) IgA

positive OR (95%CI)

HPV negative 640 30 (4.7) 1 348 15 (4.3) 1

HPV 16 94 12 (12.8) 3.0 (1.5–6.0) 10 0 (0.0) Not available

Other HPV 1049 98 (9.3) 2.1 (1.4–3.2) 143 7 (4.9) 1.1 (0.5–2.9)

NOTE. 95%CI, 95% confidence interval; OR, odds ratio.
a Polymerase chain-reaction results were not available for 275 women.
b Polymerase chain-reaction results were not available for 50 women.

Table 3. Human papilloma virus (HPV)–
16 IgA seropositivity and pap smear results
among human immunodeficiency virus–posi-
tive women in the Women’s Interagency HIV
Study cohort.

HPV group,
Pap-smear result Total

No. (%)
positive P

HPV 16 .03

Normal 30 3 (10.0)

ASCUS 25 0 (0.0)

LSIL 24 5 (20.8)

High-grade HSIL 9 3 (33.3)

No HPV .94

Normal 515 25 (4.9)

ASCUS 90 4 (4.4)

LSIL 11 0 (0.0)

High-grade HSIL 3 0 (0.0)

Other HPV types .85

Normal 545 47 (8.6)

ASCUS 238 22 (9.2)

LSIL 216 23 (10.7)

High-grade HSIL 26 2 (7.7)

IgG seropositivity, for subsequent HPV cervicovaginal infec-

tion. Baseline HPV 16 IgA serostatus was analyzed in relation

to HPV DNA–test results, for up to 1.5 years of follow-up

(through visit 4). Of the 2284 participants for whom baseline

HPV 16 IgA data and baseline HPV DNA test results were

available, 1959 (86%) were tested for HPV DNA at follow-up

visit(s) 2, 3, and/or 4: for 1064 women, DNA results from 3

follow-up visits were available; for 570 women, DNA results

from 2 follow-up visits were available; for 325 women, DNA

results from 1 follow-up visit were available (average, 2.4 fol-

low-up visits/person). There was no statistically significant dif-

ference, in the risk of incident cervicovaginal infections with

either HPV 16 or an HPV 16–related type, between HPV 16

IgA–seropositive women and HPV 16 IgA–seronegative wom-

en, regardless of HIV serostatus (table 4). Among HIV-positive

women, the proportion with incident HPV 16 infections was

3.5% and 3.7% in HPV 16 IgA-seropositive women and HPV

16 IgA-seronegative women, respectively, and the corresponding

proportion of women with incident HPV 16–related infections

was 10.2% and 13.1%. As expected, incident HPV infections

were much less common in HIV-negative women than in HIV-

positive women (1.8% vs. 3.7% and 4.4% vs. 13.1%, for HPV

16 and HPV 16–related types, respectively). No incident infec-

tions with either HPV 16 or HPV 16–related types occurred

among HIV-negative women who were HPV 16 IgA seropositive;

however, very few HIV-negative women included in this analysis

were HPV 16 IgA seropositive ( ).n p 18

On the other hand, among HIV-positive women, HPV 16

IgA seropositivity was associated with a statistically significant

increased risk of subsequent infection with non-16 HPV types

(RH, 1.8 [95%CI, 1.3–2.6]). Among HIV-negative women,

there was a non–statistically significant 2.2-fold increased risk

of a non–16-related HPV infection in HPV 16 IgA–seropositive

women, compared with HPV 16 IgA–seronegative women.

Among HIV-positive women, the increased risk of incident

infection with non–16-related HPV types was also observed in

relation to baseline HPV 16 IgG seropositivity (RH, 1.3 [95%CI,

1.0–1.6]; ) (data not shown). Incident infections withP p .05

non–16-related HPV types were further analyzed in terms of

phylogenetic grouping (table 5). To limit the number of clades

and to increase statistical power, clades that were genetically

related or that included viruses with similar phenotypes were

combined. Among HIV-positive women and HIV-negative

women, the risk of incident infections was generally increased

in HPV 16 IgA–seropositive women, compared with HPV 16

IgA–seronegative women, regardless of phylogenetic grouping,

and, among HIV-positive women, the difference was marginally

significant both for viruses of the A7 group ( ) and forP p .06

the nononcogenic viruses ( ).P p .08

Of the 94 HIV-positive women who were HPV 16 DNA

positive at baseline, 76 (81%) had at least 1 follow-up visit with

HPV DNA testing. These 76 women accounted for 181 follow-

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/188/12/1834/2191380 by U

.S. D
epartm

ent of Justice user on 16 August 2022



1840 • JID 2003:188 (15 December) • Viscidi et al.

Table 4. Risk of incident human papilloma virus (HPV) cervicovaginal infection, by baseline HPV
16 IgA status, stratified by human immunodeficiency virus (HIV) status.

HPV type,
HPV 16 IgA status

HIV positive HIV negative

Total
No. (%)

PCR positive RH (95%CI) Total
No. (%)

PCR positive RH (95%CI)

Type 16

Seronegative 1343 49 (3.7) 1 397 7 (1.8) 1

Seropositive 114 4 (3.5) 1.0 (0.4–2.7) 18 0 (0.0) NA

16-Related types

Seronegative 1203 157 (13.1) 1 389 17 (4.4) 1

Seropositive 98 10 (10.2) 0.8 (0.4–1.4) 17 0 (0.0) NA

Non–16-related types

Seronegative 891 276 (31.0) 1 368 52 (14.1) 1

Seropositive 71 34 (47.9) 1.8 (1.3–2.6) 18 5 (27.8) 2.2 (0.9–5.4)

NOTE. 95%CI, 95% confidence interval; PCR, polymerase chain reaction; RH, relative hazard.

up visits (average, 2.4 follow-up visits/person). When GEEs

were used to allow for repeated observations, there was no

significant difference between HPV 16 IgA–seropositive women

and HPV 16 IgA–seronegative women, with regard to the odds

of clearance of HPV 16 DNA from the lower genital tract (OR,

1.1 [95%CI, 0.3–3.7]). HIV-negative women were not analyzed

because none of the 10 HPV 16 DNA–positive women were

HPV 16 IgA seropositive. Among HIV-positive women, there

was also no statistically significant difference between HPV 16

IgG–seropositive women and HPV 16 IgG–seronegative women,

with regard to the odds of clearance of HPV 16 DNA from the

lower genital tract (OR, 0.9 [95%CI, 0.4–1.9]) (data not shown).

After adjustment for CD4 cell count, there was no significant

association between either HPV 16 IgA seropositivity or HPV

16 IgG seropositivity and clearance of HPV 16 DNA.

Predictive value of HPV 16 IgA seropositivity and HPV IgG

seropositivity, for cervicovaginal cytological progression.

Baseline HPV 16 IgA serostatus was analyzed in relation to

Pap-smear results for up to 6.5 years of follow-up (through

visit 14) of 1660 HIV-infected women. The risk of HSIL or a

higher grade of cytological abnormality (HSIL+) during follow-

up was analyzed by Cox proportional hazards regression. The

plot of time to incident HSIL+ on Pap smear shows that the

cumulative incidence is !10%, for both the 129 HPV 16 IgA–

seropositive women and the 1531 HPV 16 IgA–seronegative

women (figure 1). The unadjusted analysis showed that baseline

HPV 16 IgA serostatus was significantly associated with pro-

gression to HSIL+ on Pap smear (RH, 2.2 [95%CI, 1.2–4.2]).

In contrast to the results observed for HPV 16 IgA seroposi-

tivity, there was no statistically significant association between

HPV 16 IgG seropositivity and time to incident HSIL+ (RH,

1.2 [95%CI, 0.7–1.9]) (data not shown). After adjustment for

CD4 cell count (time dependent), HPV 16 DNA (at baseline),

and HAART (time dependent), the risk associated with HPV

16 IgA seropositivity was lost (RH, 1.6 [95%CI, 0.8–3.4]),

among 1542 women on whom data were available. Adjustment

for either any HPV DNA or for HPV DNA of the 13 oncogenic

types (16, 18, 31, 33, 35, 39, 45, 51, 52, 58, 59, 66, and 68) did

not change the results of the analysis. Five HIV-negative women

developed HSIL+ during follow-up. None of these women were

HPV 16 IgA seropositive.

DISCUSSION

We assessed epidemiological and virological determinants of

serum IgA reactivity to HPV 16 capsids and, in addition, com-

pared IgA seropositivity to previously reported IgG seroposi-

tivity, in both HIV-positive women and HIV-negative women

enrolled in a prospective cohort study. Among all women, the

HPV 16 IgA seroprevalence (7%) was ∼7-fold lower than the

previously reported HPV 16 IgG seroprevalence (51%), con-

sistent with the 6-fold-lower serum concentration of IgA com-

pared with IgG (2 mg/mL vs. 12 mg/mL) [26]. When a cutoff

point defined as the mean + 2 SD, rather than 3 SD, of the

negative controls was used, the HPV 16 IgA seroprevalence

increased only marginally, to 9%. The lower IgA seroprevalence

is unlikely to be due to differences in the sensitivities of the

assays, because the same antigen and protocol and the same

method of determining the cut point were used in both assays.

In any case, the choice of cut point did not alter the results of

the analysis. In addition, evaluation of the IgA conjugate showed

that the results of our study were not due to cross-reactivity of

the serodiagnostic reagents. When purified immunoglobulinpro-

tein was used as a reference standard, both the IgA conjugate

and the IgG conjugate were found to be sensitive and specific

for detection of their respective antibody class.

Serum HPV 16 IgA seropositivity was strongly associated

with HPV 16 IgG seropositivity; 79% of IgA-seropositive sub-
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Table 5. Risk of incident non–16-related human papilloma virus (HPV) cervicovaginal infection,
by baseline HPV 16 IgA status, stratified by HPV clade and human immunodeficiency virus (HIV)
status.

HPV clade(s)

HIV positive HIV negative

Total
No. (%)

PCR positive RH (95%CI) Total
No. (%)

PCR positive RH (95%CI)

A7a

Seronegative 1189 166 (14.0) 1 390 22 (5.6) 1

Seropositive 102 21 (20.6) 1.6 (1.0–2.4) 18 1 (5.6) 1.0 (0.1–7.4)

A5 and A6b

Seronegative 1179 166 (14.1) 1 393 17 (4.3) 1

Seropositive 99 18 (18.2) 1.3 (0.8–2.1) 18 2 (11.1) 2.7 (0.6–11.5)

A1, A3, A8, A10–A11c

Seronegative 1104 241 (21.8) 1 388 27 (7.0) 1

Seropositive 88 26 (29.5) 1.4 (1.0–2.2) 18 3 (16.7) 2.5 (0.8–8.2)

NOTE. 95%CI, 95% confidence interval; PCR, polymerase chain reaction; RH, relative hazard.
a HPV types 18, 39, 45, 59, 68, and 70.
b HPV types 26, 51, 53, 56, 66, 69, and 82.
c Nononcogenic HPV types 6, 11, 32, 40, 54, 55, 61, 73, 83, and 84.

jects were IgG seropositive. In contrast, Wang et al. [15] found

a weaker association between HPV 16 IgA reactivity and HPV

16 IgG reactivity, with ∼50% of IgA-positive subjects being IgG

positive. The discrepancy may be due to differences between

the study populations. The women in our study reported many

more lifetime sexual partners, which would increase their risk

of past exposure to HPV, and the majority of women were HIV

positive, which would increase the likelihood of persistent HPV

infection. Both factors would contribute to a high IgG sero-

prevalence, as well as increase the likelihood of recent, active

HPV 16 infection, which might correlate with IgA (see below).

The epidemiological and virological determinants of HPV

16 IgA seropositivity were, in general, similar to those which

a previous study had found for HPV 16 IgG seropositivity [20];

that is, HPV 16 IgA seropositivity was significantly associated

with recent and lifetime number of male sex partners, a history

of having had an abnormal Pap smear, detection of HPV 16

DNA in the genital tract, and HPV-associated cytological ab-

normalities. These associations were observed in HIV-positive

women but not in HIV-negative women, perhaps because of

the lower HPV 16 IgA seroprevalence in HIV-negative women

and the smaller number of these women included in the present

study. The only other study to examine the association between

HPV 16 IgA and sexual history was that by Wang et al. [15];

they reported that, in HIV-negative women, IgA reactivity was

associated with having had �1 male sex partner during the

past month, whereas there was no association between IgG

reactivity and the number of recent male sex partners. Both

IgG seropositivity and IgA seropositivity were associated with

the number of lifetime partners, with IgG reactivity more

strongly associated than IgA reactivity. In contrast, we found

that both IgA seropositivity and IgG seropositivity were associ-

ated with the number of recent male sex partners. These dif-

ferences might be explained by the differences between the

study populations. The population that we studied was older

and more sexually active and thus more likely to have had

previous HPV infections. In addition, we defined “recent” as

during the past 6 months rather than during the past month.

Some women in our study may have had an anamnestic re-

sponse to HPV, and all the women would have had more time,

between infection and blood sampling, in which to develop an

IgG response. Our finding of an association between serum IgA

to HPV 16 capsids and detection of HPV 16 HPV DNA in the

genital tract and HPV-associated cytological abnormalities is in

agreement with the results of previous studies [15, 16, 27].

Moreover, we observed an association between HPV 16 IgA

seropositivity and HPV 16 viral load, as estimated by a semi-

quantitative HPV 16 DNA–specific assay, the Hybrid Capture

II test. Taken as a whole, our findings are consistent with HPV

16 IgA seropositivity being a type specific biomarker of both

past and current HPV infection, with the probability that se-

ropositivity is associated, to some degree, with the level of active

viral replication, as reflected both by HPV 16 load and by the

presence of cervical lesions.

One focus of our study was to explore the relationship be-

tween HIV infection and HPV 16 seroreactivity. Two previous

studies examined serum IgA responses to HPV capsids in HIV-

positive women [14, 18]. Petter et al. reported that 30% of

HIV-positive women were IgA seropositive for HPV 16, 18, or

31 capsids, compared with 19% of HIV-negative women with

moderate-to-severe cervical dysplasia and 8% of HIV-negative

women with either a normal Pap smear or mild cytological
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Figure 1. Cumulative incidence of a high-grade squamous intraepithelial lesion (HSIL+) Pap-smear result, among 1660 women positive for human
immunodeficiency virus, stratified by baseline seropositivity for human papilloma virus–16 IgA. LSIL, low-grade squamous intraepithelial lesion.

abnormalities. Of the HIV-positive women in the study by

Petter et al., 30% had AIDS and 25% had moderate to severe

cervical dysplasia. In contrast, Marias et al. [18] reported, in a

study of female sex workers, a lower seroprevalence in HIV-

positive women than in HIV-negative women: IgA reactivity

to HPV 16 capsids was detected in 15% of HIV-positive women

and in 40% of HIV-negative women. Neither the study by Petter

et al. nor that by Marias et al. reported data on the specificity

and sensitivity of the IgA serodiagnostic reagents used in the

immunoassays. In agreement with the results reported by Petter

et al., we found a higher HPV 16 IgA seroprevalence in HIV-

positive women than in seronegative women; however, the se-

roprevalence found in our study was much lower than that

found in either the study by Petter et al. or that by Marias et

al. After adjustment for variables related to past exposure to

HPV and baseline HPV infection, there was no significant as-

sociation between HIV serostatus and HPV 16 IgA seroposi-

tivity. In the adjusted model, HPV 16 IgA seropositivity retained

a significant association with the detection of HPV DNA in the

genital tract. This finding suggests that the higher seropreva-

lence in HIV-positive women is explained by the higher prev-

alence of HPV infection in HIV-positive women, not by dif-

ferences in past exposure to HPV. A direct effect of HIV-

induced immune dysfunction on serum antibody levels cannot

be excluded but seems unlikely, because there was no association

between HPV 16 IgA seroprevalence and either CD4+ cell count

or HIV load. This finding is consistent with recent observations,

in both the Women’s Interagency HIV Study (WIHS) and the

HIV Epidemiology Research Study (HERS), showing that, in

HIV-positive women, HPV 16 is less strongly associated with

CD4+ T-cell levels than are most other HPV types [28].

Conflicting data have been reported on the relationship be-

tween the serum IgA response to HPV capsids and the course

of HPV infection. In one study, serum IgA to HPV 16 was

correlated with viral clearance [17], whereas in another study

viral persistence was associated with serum HPV 16 IgA response

that was earlier and more sustained than serum IgG response

[16]. With regard to clearance of a prevalent HPV 16 cervico-

vaginal infection, we found no difference between HPV 16 IgA–

seropositive women and HPV 16 IgA–seronegative women, al-

though, because no HIV-negative women with a prevalent HPV

16 infection were HPV 16 IgA seropositive, our results are limited

to HIV-positive women. Two limitations of our study are the

short follow-up period (1.5 years) and the inclusion only of

women with prevalent infection. In addition, among HIV-posi-

tive women, the distinction between clearance and intermittent

detection of a persistent infection is problematic.

Although serum HPV 16 IgA reactivity had no prognostic

value for subsequent detection of type-specific HPV DNA in the

genital tract, serum HPV 16 IgA reactivity was predictive of the

development of severe cytological abnormalities in women with

either normal or low-grade abnormalities on a Pap smear at the

time of serological testing; in contrast, there was a null association

with serum IgG to HPV 16. Because the serum half-life of IgA

is shorter than that of IgG [26], IgA responses are not as long-

lasting as IgG responses [3–5]; and maintenance of a serum

IgA response is believed to require repeated antigenic stimu-

lation. For these reasons, virus-specific serum IgA antibodies
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are considered to be a marker for active infection, frequent

reactivation of a latent viral infection, and repeated viral in-

fection; for example, patients with reactivated varicella-zoster

infection exhibit significant titers of virus-specific serum IgA,

whereas this marker is not usually found in healthy individu-

als with varicella-zoster seropositivity [9, 10]. In experimental

bovine herpes-virus infection, reinfection or corticosteroid-

induced reactivation produces a prompt but transient virus-

specific serum IgA response [11]. The example most analogous

to HPV-related cervical dysplasia is the association between IgA

antibodies to Epstein-Barr virus (EBV) antigens and nasopha-

ryngeal carcinoma [12]. In a recent population-based prospec-

tive cohort study from Taiwan, prediagnostic IgA antibodies to

EBV were strongly predictive of nasopharyngeal carcinoma [13].

Persistent HPV infection is the single most important risk factor

for cytological progression, and persistence, whether because of

reactivation of endogenous infection or because of new expo-

sures, would be expected to stimulate and maintain an HPV-

specific serum IgA response. In contrast, IgG responses are long-

lasting and thus cannot be used to distinguish between recent

antigenic stimulation and a past infection. Because HPV DNA

results are not yet available from later visits when many of the

HSIL+ Pap-smear results were observed, the proportion of disease

associated with HPV 16 is unknown and the type-specific risk

of HSIL+ cannot be calculated.

An unexpected finding was the association between baseline

HPV 16 IgA seropositivity—and, to a lesser extent, HPV 16

IgG seropositivity–and an increased risk of incident infections

with non–16-related HPV types. There is no known biological

mechanism that would account for seropositivity to one HPV

type having a direct positive influence on the risk of infection

with another type. Since HPV seropositivity is a marker of

sexual behavior, which is the principal risk factor for acquisition

of HPV, the greater risk of HPV infection in HPV-seropositive

women compared with HPV-seronegative women may reflect

a greater risk of exposure to HPV. Prior HPV infection may

also increase the risk of reactivation of a latent infection. In

contrast to non-16 HPV types, HPV 16 seropositivity was not

associated with an increased risk of incident infection with

either HPV 16 or HPV 16–related types. This may be evidence

of partial type-specific or clade-specific immunity conferred by

HPV 16 seropositivity, a conclusion that was also reached in a

study of incident HPV infections in women of college age [29].

In that study, none of 12 women with persistent seropositivity

to both HPV 16 IgG and HPV 16 IgA had incident infection

with an HPV 16–related type.
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