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Serial measurement of antibodies has not been used to provide evidence of active viral replication of human
papillomavirus (HPV). Serum specimens from sequential study visits contributed by 642 human immunode-
ficiency virus (HIV)-positive and 116 HIV-negative participants enrolled in the Women’s Interagency HIV
Study were used to detect significant rises in HPV type 16 (HPV-16) antibody levels. Factors associated with
a significant rise were identified using multivariable logistic regression models with generalized estimating
equations. Among HIV-positive women, 8.3% of 1,997 pairs showed antibody rises, compared to 6.1% of 361
pairs among HIV-negative women (P = 0.191). For HIV-positive women, rises were associated with current
(odds ratio [OR], 23.4; P < 0.001) or past (OR, 8.9; P < 0.001) HPV-16 infection relative to never being
HPV-16 infected and with CD4™* cell counts (OR per 100-cell increase, 0.8; P < 0.001) but not with sexual
behavior. For HIV-negative women, rises were associated with past (OR, 10.9; P = 0.033) HPV-16 infection
relative to no HPV-16, current cigarette smoking (OR, 5.0; P = 0.029) relative to no smoking history, and
having 6 to 10 lifetime sexual partners compared to 0 to 5 partners (OR, 9.9; P 0.036). Serial
measurement of HPV-16 serum antibodies is a useful tool for identifying active HPV-16 viral replication.
Rises among HIV-positive women may more often result from reactivation of a latent HPV infection in the
context of HIV-induced immunosuppression, while rises among HIV-negative women may more often

result from reinfection with HPV.

Human papillomavirus (HPV) is the most common sexually
transmitted viral infection in humans and the etiological agent
of cervical and other anogenital cancers (for a review, see
reference 5). Diagnosis of HPV infection has relied primarily
on detection of the viral genome by PCR or hybrid capture, a
non-amplification-based nucleic acid detection method. In lon-
gitudinal studies with infrequent sampling, HPV infection may
be underestimated by DNA-based methods alone because in-
fections are usually transient (13, 19, 21).

Detection of virus-specific serum antibodies is a well-estab-
lished biomarker of viral infection. Over the past decade, se-
rological assays for HPV based on virus-like particles (VLP)
have been validated by numerous studies (for a review, see
reference 11). HPV type 16 (HPV-16) VLP-based enzyme-
linked immunosorbent assays (ELISA) in general, including
our own (31, 32, 36), have a sensitivity of 50% or greater for
current HPV-16 infections detected by PCR. The absence of
detectable serum antibodies in all individuals with an infection
documented by PCR is probably multifactorial, including mis-
classification of infection by PCR, delayed seroconversion, vi-
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ral-mediated immune evasion, and antibody responses below
the level of detection of available assays. The type specificity of
VLP-based ELISA is strongly supported by experimental stud-
ies with sera of known specificity and human studies demon-
strating stronger associations of seroreactivity with detection of
homologous DNA than with DNA of other types. In human
studies, the smaller but significant associations with some other
HPYV types may be explained by the fact that different genital
HPV types are transmitted similarly and the fact that multiple
infections are very common. The most consistent finding from
epidemiological studies of the determinants of VLP seroreac-
tivity is the strong correlation with lifetime number of sexual
partners, thus documenting the validity of HPV antibody mea-
surement as a marker of past HPV exposure.

Although serial measurements of HPV antibodies have been
utilized to document the kinetics of the serum antibody response
to infection (8), paired samples have not been used to identify
active viral replication. We used serial measurements of antibod-
ies to HPV-16 to identify significant rises in antibody levels
between two study visits for participants enrolled in a large pro-
spective cohort study of human immunodeficiency virus (HIV)-
positive and high-risk HIV-negative women. We then investi-
gated factors associated with significant rises to assess the value of
this marker as a measure of active viral replication.
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FIG. 1. Distribution of the absolute differences in OD units for HPV-16 IgG levels for 3,246 samples tested in duplicate samples (a) and
distribution of changes in OD units for 2,358 pairs of visits (1,997 from HIV-positive participants and 361 from HIV-negative participants) (b).

MATERIALS AND METHODS

Study population. The Women’s Interagency HIV Study (WIHS) is a multi-
center prospective cohort study consisting of 2,059 HIV-positive and 569 HIV-
negative women enrolled from 1994 to 1995. At baseline and at each 6-month
follow-up visit, participants completed interviewer-administered questionnaires
to assess sociodemographic characteristics, medical/health history, obstetric and
gynecologic history and contraceptive use, tobacco, alcohol, and drug use, and
sexual behaviors. In addition, women had a physical and gynecologic examina-
tion, which included a Papanicolaou smear and the collection of blood, urine,
and cervicovaginal lavage samples. A more detailed description of the WIHS
cohort characteristics, recruitment methods, and protocols has been published
previously (4, 18). Our analyses included participants who contributed one or
more pairs of consecutive study visits with HPV-16 antibody results available.
The unit of observation for analyses was a pair of consecutive study visits.
Participants could contribute up to five pairs corresponding to consecutively
attended visits at yearly intervals between WIHS visits 3 and 13.

Laboratory methods. All women at study baseline with HPV-16, -18, -31, -6, or
-11 detected by HPV DNA and a random sample of women without prevalent DNA
of the above types were tested for HPV-16 antibodies by HPV-16 VLP-based ELISA
as previously described (35). To reduce interassay variation, all samples from a
woman were tested on the same microtiter plate. The technician performing the test
was blinded to the identity of samples from the same woman. At yearly intervals
beginning with the third study visit through WIHS visit 13, a total of 3,246 serum
samples from these women were tested in duplicate (coefficient of variation of 11%).
Analyses used optical density (OD) units to quantify antibody levels and used a
previously determined cutoff of 0.05 OD units to define HPV-16 seropositivity (34).
For descriptive purposes, OD units were transformed to immunoglobulin G (IgG)
levels by use of the following formula developed using standard serial twofold

dilutions of IgG:y = 1.1x + 2.6 (where y equals the log,, IgG protein concentration
and x equals the log;, mean OD). The relationship between OD value and IgG
concentration was linear from 2 to 1,000 pg/ml IgG protein.

Cervicovaginal cells were tested for the presence of HPV DNA by PCR with
MY09/MY11 L1 consensus primers as described previously (25). Plasma HIV
RNA was measured using the isothermal nucleic acid sequence-based amplifi-
cation (Nuclisens) method (bioMérieux, Boxtel, The Netherlands). CD4" T-
lymphocyte counts (cells/ul) were determined using standardized flow cytometry
(7). Pap smears were read centrally by two cytotechnologists who used the 1991
Bethesda system for cytologic diagnosis, and any abnormal specimens were
diagnosed by a cytopathologist (23).

Primary outcome. The outcome of interest was a significant rise in OD units
within a pair of study visits, typically 1 year apart. We determined HPV-16
antibody levels, measured in OD units, at both the index visit (f,) and the
follow-up visit (¢;) for all pairs. We standardized the change in OD units by
dividing the difference in OD values between ¢, and ¢, by the amount of time
between ¢, and ¢,.

To distinguish true rises in antibody levels from random variation, we exam-
ined differences in duplicate samples tested at a given visit, which can be due only
to random variation in the assay. The average absolute difference in OD units
between duplicate samples was 0.023, with a standard deviation of 0.045. A
significant rise in antibody levels for a pair of visits was defined as a change
greater than 0.113 OD units (mean + 2 standard deviations). Significant declines
were determined similarly, as a decrease of 0.113 OD units or more. Changes
occurring between the threshold of a rise and a decline were considered non-
significant fluctuations in antibody levels. Figure 1a displays a histogram of the
absolute differences found in duplicate samples, and Fig. 1b displays the histo-
gram of changes in OD units for all pairs. The magnitudes of the changes in
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TABLE 1. Proportion of visit pairs with a rise, decline, or no change in HPV-16 IgG levels by HIV serostatus

Results for HIV-positive women (n = 642)

Results for HIV-negative women (n = 116)

Change in IgG levels®

for a pair of visits No. (%) of pairs®

Median (IQR®) change
in IgG levels

Median (IQR€) change

No. (%) of pairs* in IgG levels

Rise” 166 (8.3) 88.3 (61.4, 147.7) 224 (6.1) 72.2 (62.1,91.6)
Decline 169 (8.5) ~71.8 (—111.6, —54.2) 21 (5.8) —90.6 (—117.7, —49.9)
No change 1,662 (83.2) —0.2(—4.4,3.1) 318 (88.1) 0.1(-25,3.2)
Total 1,997 361

¢ For descriptive purposes, OD units were transformed to IgG levels by use of the following formula developed using standard serial twofold dilutions of IgG: y =
1.1x + 2.6 (where y equals the log;, IgG protein concentration and x equals the log;, mean OD). The relationship between OD value and IgG concentration was linear

from 2 to 1,000 pg/ml IgG protein.

b A significant rise or decline corresponds to an increase or decrease, respectively, of >0.113 in OD level.
¢ No difference was found by HIV serostatus for percentages with a rise (P = 0.191) or decline (P = 0.120), based on generalized estimating equations.
4 Fourteen rises (8%) and one rise (5%) among HIV-positive and HIV-negative women, respectively, were seroconversions.

¢ IQR, interquartile range.

antibody levels were similar across the operational range of the assay at #, (data
not shown). In addition, we were interested in longitudinal changes in antibody
in the year following the identification of a rise, among women contributing a
second pair after a rise. Rises or nonsignificant fluctuations in antibody levels in
the second pair were considered sustained rises. Declines in antibody levels in
the second pair were considered transient rises.

Changes in HPV-16 antibody levels over time could occur because of nonspe-
cific changes in serum immunoglobulins due to HIV disease or other causes.
Therefore, we measured BK virus (BKV) antibody levels by a VLP-based
ELISA, as previously described (12, 33), among pairs with a rise in HPV-16
antibody and a random sample of an equal number of pairs without a rise.
Exposure to BKV occurs in childhood, and seroprevalence reaches nearly 100%
by early adulthood; antibody responses to BKV are robust and persist for life
(20). Significant rises in BKV antibody levels (cutoff of 0.202 OD units) were
determined using the same method as that described for HPV-16 antibody levels.
As a measure of change in serum immunoglobulins, an ELISA for a viral
antibody should provide greater precision than standard nephelometric meth-
ods for measuring total immunoglobulins. In addition, BKV antibodies were
measured by a method technically identical to that used to detect HPV-16
antibodies.

Exposures. The primary exposure of interest was HPV-16 infection catego-
rized as current, past, or never. Current infection was defined as HPV-16 DNA
at t,. Past infection was defined in one of three ways: (i) HPV-16 DNA prior to
t, (accounted for 5% of past HPV-16 infection), (ii) HPV-16 seropositivity at or
prior to ¢, (accounted for 80% of past HPV-16 infection), and (iii) HPV-16 DNA
prior to ¢, and HPV-16 seropositivity at or prior to ¢, (accounted for 15% of past
HPV-16 infection). Never HPV infected was defined as the absence of HPV-16
DNA and HPV-16 seropositivity at ¢, and prior to #,.

Another exposure of interest was sexual behavior, with the following catego-
rizations: recent male partners in the prior 6 months (>1, 1, or 0 partners), any
male sex partners in the previous year, lifetime number of male sex partners
(>10, 6 to 10, or 0 to 5 partners), and a composite of lifetime and recent sexual
behavior. HAART use in the WIHS was defined according to DHHS guidelines
(30) and has been described in prior publications (22, 26). Other factors consid-
ered in analyses and measured at #, were abnormal versus normal Pap smear
results, CD4™" cells/mm? (per 100 cells), HIV RNA copies/ml (per log,), prior
clinical AIDS diagnosis, age (per 10 years), race/ethnicity, injection drug use
history, cigarette smoking history, and oral contraceptive use.

Statistical analyses. Using logistic regression, we first computed univariable
odds ratios (OR) for the outcome of a rise in HPV-16 antibody levels stratified
by HIV serostatus. Multivariable models were constructed separately for HIV-
positive and HIV-negative women by including all covariates with a P of <0.10
in HIV-stratified univariable analyses. Next, covariates with a P of =0.10 were
added to the multivariable model one at a time and included if they were
significant at the 0.10 level. The final multivariable model was obtained by
removing covariates from the last iteration one at a time, starting with the highest
P value, until all covariates had a P of <0.10. For all logistic regression analyses,
generalized estimating equations (10) were used to account for the correlation
between pairs of study visits contributed by the same individual. Kaplan-Meier
plots and Cox proportional-hazards models (9) were used to illustrate differences
by HIV serostatus in the cumulative incidence of HPV-16 infection defined both
serologically (defined as the first pair to exhibit a rise in antibody levels after one

or more pairs without a rise) and by PCR (defined as the first visit to be HPV-16
DNA positive after one or more visits without HPV-16 DNA).

RESULTS

The study population consisted of 642 HIV-positive and 116
HIV-negative women contributing a median of three pairs of
visits (range, one to five pairs), with HIV-positive and HIV-
negative women contributing 1,997 and 361 pairs of visits,
respectively. The median time between index and follow-up
visits among pairs was 1.0 years (interquartile range, 0.9 to 1.1)
for both HIV-positive and HIV-negative women. Compared to
WIHS participants not included in analyses, study participants
had similar races and ages but were more likely to be HIV
positive and positive for any HPV DNA (including HPV-16
DNA) at baseline.

Among all pairs contributed by HIV-positive women, 166
(8.3%) showed antibody rises, 169 (8.5%) had declines, and
1,662 (83.2%) had no significant change (Table 1). Among all
pairs of visits contributed by HIV-negative women, 22 (6.1%)
were rises, 21 (5.8%) were declines, and 318 (88.1%) exhibited
no significant change. No differences in the proportion of pairs
with a rise (P = 0.191) or decline (P = 0.120) by HIV serosta-
tus were found. Among HIV-positive and HIV-negative
women, 14 (8%) and 1 (5%) of all antibody rises, respectively,
were considered seroconversions, that is, the rise in antibody
level crossed the previously defined cutoff point for seroposi-
tivity (0.05 OD units) and occurred in a participant who had
not been seropositive at any prior visit. Table 2 presents
changes in antibody results in the year following a rise (i.e.,
typically over a total of three study visits or 2 years). Of 188
total rises, 128 (115 HIV positive and 13 HIV negative) had a
subsequent pair of visits available for analysis. Declines follow-
ing a rise were observed to occur in 47.0% and 61.4% (P =
0.308) of pairs for HIV-positive and HIV-negative women,
respectively, suggesting that many observed rises were tran-
sient and not sustained. We did not evaluate longitudinal
changes in HPV-16 serology beyond 2 years because of the
small number of women contributing data. Furthermore, sam-
pling of antibody levels annually precluded a more precise
determination of the duration of the response.

The univariable results for HIV-positive women shown in
Table 3 demonstrate that current and past HPV-16 infections
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TABLE 2. Changes in HPV-16 IgG levels by HIV
serostatus after a rise

No. (%) of instances

Parameter HIV HIV
positive negative
No. of pairs of visits with a rise in IgG levels 166 22
No. with second pair following initial rise 115 13

Change in IgG levels for second pair

Rise 12(10.4)  0(0.0)

Decline 54 (47.0) 8(61.4)

No change 49 (42.6) 5(38.)
Sustained rise” 61(53.0) 5(38.5)

“ Defined as a rise or no change in second pair. P = 0.308 by HIV serostatus,
based on generalized estimating equations.

were associated with OR of a rise in HPV-16 IgG levels of 27.0
(95% confidence interval [CI], 9.9, 73.5) and 9.2 (95% CI, 3.7,
22.7), respectively, relative to having no evidence of infection.
Supporting the specificity of a rise in antibodies as a measure
of HPV-16 infection, we observed a greater likelihood of an
antibody rise for subjects having HPV-16 DNA (OR, 5.3; 95%
CL 2.9, 9.6) than for subjects being HPV DNA negative at the
index visit, but we found no statistical significance for other
HPV types. We also found a greater likelihood of a rise in
antibodies following an abnormal Pap smear at the index visit
(OR, 1.8; 95% CI, 1.3, 2.6) and with higher HIV RNA levels
(OR per log,, level, 1.6; 95% CI, 1.3, 2.0), and we discovered
a lower likelihood of an antibody rise with higher CD4 " cell
counts (OR per 100 cells, 0.8; 95% CI, 0.8, 0.9). There was no
association between a rise in HPV-16 antibody levels and re-
cent or past sexual history. In the multivariable models for
HIV-positive women, also presented in Table 3, there was a
strong association between rises in antibody levels for current
(OR, 23.4; 95% CI, 8.7, 62.8) and past (OR, 8.9; 95% (I, 3.6,
22.2) HPV-16 infection relative to never being HPV-16 in-
fected. Higher CD4" cell count levels were associated with a
lower likelihood of a rise (OR per 100 cells, 0.8; 95% CI, 0.7,
0.9). Finally, sexual behavior was not associated with HPV-16
seroconversion, although with 14 total seroconversions among
HIV-positive women (data not shown), we had limited statis-
tical power to examine this question.

The univariable and multivariable results for HIV-negative
women are presented in Table 4. We demonstrated that cur-
rent and past HPV-16 infections were associated with an OR
of a rise in HPV-16 IgG levels of 11.6 (95% CI, 0.7, 186.5) or
9.7 (95% CI, 1.2, 78.3), respectively, relative to having no
evidence of infection. The nonsignificant finding for current
HPV-16 infection was likely a result of small sample size in that
group (n = 10). Current smoking was associated with increased
odds of a rise relative to lifetime nonsmoking (OR, 5.4; 95%
CI, 1.3, 23.2). ORs for all levels of sexual activity were greater
than 2.0 relative to the reference group. However, because of
the relatively small number of visit pairs (» = 22) with a
significant antibody rise contributed by HIV-negative women,
the only statistically significant (P < 0.05) result was a greater
likelihood of a rise in antibody levels for a lifetime number of
male sex partners of >10 than for a number of partners from
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0 to 5. In multivariable models, there was a statistically signif-
icant association between past (OR, 10.9; 95% CI, 1.2, 98.3)
but not current HPV-16 infection relative to never being
HPV-16 infected. Current smoking relative to lifetime non-
smoking (OR, 5.0; 95% CI, 1.2, 20.8) and 6 to 10 lifetime male
sex partners relative to 0 to 5 partners (OR, 9.9; 95% CI, 1.2,
85.4) were other factors significantly related to a rise in HPV-16
antibody levels. We did not examine associations with HPV-16
seroconversions since there was only one event in this group.

We further explored differences in risk of infection between
HIV-positive and HIV-negative women by identifying newly
detected rises in HPV-16 antibodies or newly detected HPV-16
DNA. The cumulative incidence of newly detected rises in
HPV-16 antibodies was not significantly higher in HIV-positive
women (22%) than in HIV-negative women (17%) (relative
hazard [RH], 1.3; P = 0.362) (Fig. 2a). In contrast, the cumu-
lative incidence of HPV-16 infection as detected by PCR was
significantly higher for HIV-positive (17%) than for HIV-neg-
ative (9%) women (RH, 2.3; P = 0.025) (Fig. 2b). A higher
incidence of HPV-16 infection was found when using a definition
that included either a rise in HPV-16 antibodies or detection of
HPV-16 DNA in cervicovaginal cells, but there was no difference
by HIV serostatus (RH, 1.3; P = 0.232) (Fig. 2c).

We also performed a secondary analysis measuring changes
in antibody level to BKV to confirm the specificity of rises in
HPV-16 antibody levels. In univariable models (data not
shown), HIV infection, low CD4™* cell count levels, higher HIV
RNA levels, and 0 to 5 lifetime sexual partners (but not >5
partners) were associated with a rise in BKV antibody levels.
Importantly, there was a null association between a rise in
BKYV antibody levels and a rise in HPV-16 antibody levels,
current or past HPV-16 infection, and detection of HPV-16
DNA. In multivariable models, only immunosuppression re-
mained a predictor of BKV antibody rises (data not shown).
Finally, we further examined significant declines in HPV-16
IgG levels. As described above and in Table 2, declines were
commonly observed in the year following a rise. Multivariable
analysis confirmed that only a prior rise in HPV-16 IgG levels
was associated with a subsequent decline in antibody levels
(data not shown). These data suggest a decline is likely due to
the waning of the antibody response to HPV over time.

DISCUSSION

We propose that a rise in HPV-16 antibodies is a marker of
active viral replication during the sampling interval. Support
for the validity of the marker rests on the well-established
performance characteristics of HPV VLP ELISA (11), general
immunological principles which hold that a rise in antibody
level above baseline is indicative of viral infection, and the
associations demonstrated herein. Serum immunoglobulin lev-
els are tightly regulated and generally remain stable for pro-
longed periods of time (3, 16). In the absence of immune
system dysfunction, rises in antiviral antibodies reflect anti-
genic stimulation and thus comparison of the levels of virus-
specific antibodies in acute- and convalescent-phase serum
samples is a time-honored method of viral diagnosis (37). In
the context of prior infection, typically, repeat exposures to
viral antigen will result in an anamnestic immune response
reflected as a rise in antibody level, such as is observed upon
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TABLE 3. Factors associated with a rise in HPV-16 IgG levels for HIV-positive women

Univariable results Multivariable results”
Variable n® % Rise
OR (95% CI) P value OR (95% CI) P value
HPV-16 infection®
Current 108 24.1 27.0 (9.9, 73.5) <0.001 23.4(8.7,62.8) <0.001
Past 1,131 9.7 9.2(3.7,22.7) <0.001 8.9 (3.6,22.2) <0.001
Never 430 12 1 1
HPV DNA
HPV-16 108 24.1 5.3(2.9,9.6) <0.001
Other HPV 1,064 8.2 1.5(0.9,2.4) 0.092
No HPV 497 5.6 1
Pap smear
Abnormal 918 10.7 1.8 (1.3,2.6) 0.001
Normal 906 6.2 1
HAART use
Yes 736 7.3 0.8 (0.6, 1.1) 0.234 0.7 (0.5, 1.0) 0.063
No 1,260 8.9 1 1
CD4™* cell count, cells/mm?® (per 100 cells) 0.8 (0.8, 0.9) <0.001 0.8 (0.7,0.9) <0.001
HIV RNA, copies/ml (per log;,) 1.6 (1.3, 2.0) <0.001
Prior AIDS diagnosis
Yes 895 8.4 1.0 (0.7, 1.4) 0.924
No 1,102 8.3 1
Age (per 10 yr) 0.8 (0.7, 1.0) 0.061 0.8 (0.6, 1.0) 0.098
Race/ethnicity
White 350 9.1 1.1 (0.7, 1.7) 0.594
Hispanic 438 8.2 1.0 (0.7, 1.5) 0.990
Other 38 5.3 0.6 (0.2,2.3) 0.470
African-American 1,171 8.2 1
Injection drug use
Yes 97 8.3 1.0 (0.5,2.2) 0.983
No 1,889 8.3 1
Cigarette smoking
Current 1,115 8.8 1.2(0.8,1.7) 0.434
Former 192 7.8 1.0 (0.6, 1.8) 0.943
Never 679 7.7 1
Oral contraceptive use
Yes 64 12.5 1.6 (0.7, 3.5) 0.250
No 1,847 8.2 1
No. of male sex partners in last 6 mo
>1 220 6.8 0.8 (0.4, 1.4) 0.382
1 1,113 8.5 1.0 (0.7, 1.4) 0.910
0 651 8.6 1
Any male sex partners in last yr
Yes 1,464 8.1 1.0 (0.6, 1.4) 0.847
No 439 8.4 1
No. of lifetime male sex partners
>10 1,009 8.4 1.0 (0.7, 1.5) 0.989
6-10 349 8.3 1.0 (0.6, 1.6) 0.945
0-5 592 8.5 1
No. of lifetime male sex partners/no. of
male sex partners in last 6 mo
>10/>0 731 7.9 1.0 (0.6, 1.6) 0.985
>10/0 273 9.9 1.3(0.7,2.3) 0.426
=10/>0 569 8.6 1.1 (0.7, 1.7) 0.721
=10/0 364 8.0 1

“ Missing data resulted in different total numbers for each variable.

® Final multivariable model adjusted for other factors with results in column. See the text for procedure to determine final model.
¢ Current infection was defined as HPV-16 DNA at f,,. Past infection was defined in one of three ways: (i) HPV-16 DNA prior to t,, (ii) HPV-16 seropositivity at
or prior to t,, or (iii) HPV-16 DNA prior to #, and HPV-16 seropositivity at or prior to #, Never HPV infected was defined as the absence of HPV-16 DNA and HPV-16

seropositivity at ¢, and prior to #,.

vaccine boost. Following natural infection, a serologic profile
of a rising antibody level has been used to diagnosis reactiva-
tion of Epstein-Barr virus (24), varicella-zoster virus (14, 15),
and human herpesvirus 6 (27). Here, we applied this approach

to HPV-16 infections and identified increases in virus-specific
antibody levels above an a priori threshold meant to distin-
guish between real changes and random variations in paired
serum samples.
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TABLE 4. Factors associated with a rise in HPV-16 IgG levels for HIV-negative women

Univariable results Multivariable results”
Variable n % Rise
OR (95% CI) P value OR (95% CI) P value
HPV-16 infection®
Current 10 10.0 11.6 (0.7, 186.5) 0.085 9.6 (0.4,214.7) 0.152
Past 199 8.5 9.7 (1.2,78.3) 0.033 10.9 (1.2, 98.3) 0.033
Never 105 1.0 1 1
HPV DNA
HPV-16 10 10.0 2.0(0.3,15.3) 0.505
Other HPV 76 7.9 1.5 (0.6, 3.8) 0.340
No HPV228 228 53 1
Pap smear
Abnormal 44 9.1 1.7(0.5,5.4) 0.389
Normal 284 5.6 1
Age (per 10 yr) 1.0 (0.7, 1.4) 0.962
Race/ethnicity
White 41 7.3 1.1 (0.3, 3.6) 0.849
Hispanic 76 4.0 0.6 (0.1,2.7) 0.490
Other 16 6.3 0.9 (0.1, 7.7) 0.959
African-American 228 6.6 1
Injection drug use
Yes 19 53 0.8 (0.1,7.2) 0.877
No 340 6.2 1
Cigarette smoking
Current 206 8.7 5.4(1.3,232) 0.023 5.0 (1.2,20.8) 0.029
Former 38 53 3.1(0.5,21.5) 0.244 1.4 (0.2, 12.6) 0.775
Never 115 1.7 1 1
Oral contraceptive use
Yes 26 7.7 1.4 (0.4,5.6) 0.621
No 324 5.6 1
No. of male sex partners in last 6 mo
>1 80 8.8 2.9(0.8,11.1) 0.117
1 185 6.5 2.1(0.6,7.5) 0.252
0 94 32 1
Any male sex partners in last yr
Yes 289 6.9 4.2(0.6,29.4) 0.152
No 57 1.8 1
No. of lifetime male sex partners
>10 164 7.9 8.2 (1.1, 62.8) 0.043 5.4 (0.7, 41.6) 0.107
6-10 96 8.3 8.6 (1.0, 77.0) 0.053 9.9 (1.2,85.4) 0.036
0-5 96 1.0 1 1
No. of lifetime male sex partners/no.
of male sex partners in last 6 mo
>10/>0 130 8.5 5.4(0.7,39.2) 0.098
>10/0 32 6.3 3.9 (0.4,40.2) 0.257
=10/>0 133 6.0 3.7(0.4,30.9) 0.225
=10/0 59 1.7 1

¢ Missing data resulted in different total numbers for each variable.

® Final multivariable model adjusted for other factors with results in column. See the text for procedure to determine final model.
¢ Current infection was defined as HPV-16 DNA at ¢,,. Past infection was defined in one of three ways: (i) HPV-16 DNA prior to ¢, (ii) HPV-16 seropositivity at
or prior to ¢, or (iii) HPV-16 DNA prior to ¢, and HPV-16 seropositivity at or prior to #, Never HPV infected was defined as the absence of HPV-16 DNA and HPV-16

seropositivity at ¢, and prior to ..

As expected for a type-specific HPV biomarker, there was a
strong association of a rise in serum HPV-16 VLP antibody
level with detection of HPV-16 DNA, a weak association with
detection of other HPV types, and an association with Pap

abnormalities at the index visit. Rises in HPV-16 IgG levels
were typically not sustained, as declines in IgG levels were
commonly observed to occur following a rise. The specificity of
rises in HPV-16 antibody level is further supported by the null
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FIG. 2. Cumulative incidence of HPV-16 infection, defined by an incident rise in HPV-16 antibody levels (a), incident HPV-16 DNA detected

by PCR (b), or by either method (c). pos, positive; neg, negative.

association with rises in antibody to BKV, indicating that rises
in HPV antibody level were not due to nonspecific changes in
immunoglobulins. The association of a rise in BKV antibody
levels with a decline in CD4" cell count is consistent with the
known reactivation of latent polyomaviruses in immunocom-
promised HIV-infected individuals. As expected, among HIV-
positive women, our serological marker of HPV infection, sim-
ilarly to that reported for HPV DNA, was associated with low
CD4" cell count and high HIV RNA (2, 25, 28, 29). The
majority of paired samples (~85%) did not have a significant
rise or decline in antibody levels, indicating that in general
antibody levels in both HIV-positive and HIV-negative women
are stable over time, confirming a prior report (1).

An unexpected finding in our study was that HPV-16 infec-
tions defined by a rise in antibodies are as common among
HIV-negative women as among HIV-positive women. The cu-
mulative incidence of newly detected rises was not significantly
higher in HIV-positive women than in HIV-negative women.
In contrast, the cumulative incidence of HPV-16 infection as
detected by PCR was significantly higher in HIV-positive
women than in HIV-negative women, similar to prior studies
(17, 25, 29). A possible reason for the difference in incidence of
HPV-16 infections detected by serology and PCR is that in-

fections in HIV-negative women may go undetected by PCR
due to infrequent sampling, a shorter duration of viral shed-
ding, or lower levels of viral replication. In fact, a recent study
that included weekly self-collected genital tract samples found
that many HPV infections were detectable only for a few weeks
(6). In contrast, increases in antibody levels capture infections
occurring at any time between the index and follow-up visits.

Our data also suggest that the mechanisms for rises in
HPV-16 antibody levels are different for HIV-positive and
HIV-negative women, which may further explain the differ-
ences between serologic and PCR results described above. For
all women, the majority of rises occurred in those who were
already HPV-16 seropositive and thus were likely to have been
previously infected with HPV-16. In fact, a past HPV-16 in-
fection was one of the strongest correlates with a rise in
HPV-16 antibody levels. These rises may be due to reinfection
or reactivation. For HIV-positive women, sexual behavior was
not associated with a rise in HPV-16 antibody levels. However,
lower CD4™ cell counts were associated with a rise, suggesting
that infections in HIV-positive women may be more commonly
due to reactivation of a latent infection in the context of HIV-
induced immunosuppression. In contrast, HIV-negative women
who currently are or in the past were more sexually active were
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more likely to have a rise in HPV-16 antibody levels than those
who reported less sexual activity, although the difference be-
tween sexually active and less active women reached statistical
significance in multivariable models only for those who re-
ported 6 to 10 lifetime partners. Thus, HPV-16 infections in
HIV-negative women may result more often from reinfection
with sexually transmitted HPV.

There were limitations to our study. First, we had a relatively
small sample of HIV-negative women (n = 116). Despite the
reduced statistical power, we detected important differences by
HIV serostatus which warrant confirmation in future studies.
Second, for a serological diagnosis of infection, the site of
infection is unknown. Therefore, we cannot exclude the possi-
bility that some serologically defined infections were the result of
HPV-16 infections in the anal canal, oral cavity, or other ano-
genital or aerodigestive tissues. Also, our estimate of the cu-
mulative incidence of HPV-16 infection may be somewhat
inflated because women in our study population were more
likely to have HPV-16 DNA at baseline than WIHS partici-
pants not included. Conversely, because not all infections in-
duce a detectable antibody response, we may have underesti-
mated the cumulative incidence of HPV-16 infection. Relative
estimates of effect, however, should be unbiased. A further
limitation is the possibility of misclassification of our outcome
of a rise in antibody levels. We repeated our analysis using a
more stringent cutoff, defined as the mean plus 3 standard
deviations (cutoff of 0.158 OD units), and the inferences did
not change despite a modest decrease in statistical significance
(data not shown). Finally, distinguishing between reinfection
and reactivation of infection is difficult since documenting sex-
ual exposure to HPV from an infected male partner is prob-
lematic. Our conclusion that some infections among HIV-pos-
itive women are a result of reactivation of HPV is supported by
a recent study of the natural history of HPV indicating that a
substantial fraction of incident HPV DNA detection in immu-
nocompromised HIV-positive women was not related to recent
sexual activity (28).

In summary, we describe a serological marker that likely
detects HPV-16 viral replication occurring between annual
measurements. Confirmation of infection, however, would re-
quire frequent HPV DNA measurements during the interval
between serological assays and at multiple anatomic sites. Us-
ing a rise in antibodies as a marker of infection, our results
suggest that HPV-16 infections may be more common than
previously estimated by DNA detection methods, particularly
in HIV-negative women. Another important observation from
our study was that most HPV-16 infections occurred in women
who had serological or virological evidence of prior exposure
to HPV-16 and thus are due to either reinfection or reactiva-
tion of HPV-16. Since rises were not associated with sexual
behavior among HIV-positive women, infections may reflect
reactivation of latent infection in these women, although more
carefully designed studies are needed to distinguish reinfection
from reactivation.
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