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Abstract

Objective—HPV vaccination is routinely recommended in HIV-positive MSM ≤ 26 years old. 

Levels of prior HPV exposure in older HIV-positive MSM are assumed to be too high to warrant 

routine HPV vaccination. However, little is known about the prevalence of and risk factors for 

neutralizing antibody seropositivity to HPV-16 or HPV-18, a key measure of prior exposure to 

these types.

Methods—Cross-sectional analysis of baseline visit for 296 HIV-positive MSM participating in 

a prospective cohort study of anal squamous intraepithelial lesions (ASIL) at a university-based 

research clinic. Participants completed a questionnaire detailing behaviors and medical history. 

Phlebotomy, anal cytology, HPV DNA testing with quantitation, and high resolution anoscopy 

with biopsy were performed. A pseudovirion-based neutralizing antibody (PBNA) assay was used 

to measure HPV-16 and HPV-18 neutralizing antibodies.

Results—132/296 (45%) men were HPV-16-seropositive and 141/296 (48%) were HPV-18-

seropositive. 175/296 (59%) of the men were positive for HPV-16 antibodies or DNA, and 

167/296 (56%) were positive for HPV-18 antibodies or DNA. In multivariable analysis, HPV-16 

seropositivity did not correlate with age, years of HIV positivity, CD4+ level or HIV viral load. 

Significant risk factors included HPV-16 DNA positivity with higher DNA levels (ptrend<.001) 

and higher number of receptive sexual partners in the last year (ptrend=.012).

Conclusions—A high proportion of HIV-positive MSM >26 years are DNA-negative and 

seronegative to HPV-16 and HPV-18 even when using a sensitive PBNA assay. Prospective 
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studies are needed to determine the clinical- and cost-effectiveness of HPV vaccination in HIV-

positive MSM > 26 years old.
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Introduction

Like cervical cancer, anal cancer is associated with human papillomavirus (HPV) infection, 

particularly HPV-16 and HPV-18 [1]. The incidence of anal cancer is increased in certain 

groups of the population, particularly, men who have sex with men (MSM) and those who 

are immunocompromised due to medication to prevent solid organ transplant rejection, or 

HIV infection. Prior to the advent of highly active antiretroviral therapy (HAART), the 

incidence of anal cancer was increased in HIV-positive MSM relative to MSM but the 

difference in incidence was modest [2]. It is now clear that the HAART has not led to a 

reduction in the incidence of anal cancer, with several studies reporting an increase in the 

incidence of anal cancer in the post-HAART era. The incidence of anal cancer was recently 

reported to be 131/100,000 among HIV-positive MSM [3], and is 80-fold higher in this 

population than the general population of men.

The quadrivalent HPV (qHPV) vaccine was recently shown to be effective to prevent 

persistent anal HPV-16 and HPV-18 infection and anal squamous intraepithelial lesions 

caused by these HPV types in healthy mostly HIV-negative MSM aged 16 to 26 years [4]. 

HPV vaccination therefore has the potential to prevent a large percentage of anal cancers.

All of the randomized placebo-controlled trials of the bivalent or quadrivalent HPV vaccines 

demonstrated their highest efficacy among those considered naïve to a given vaccine type, 

i.e., those who were both DNA-negative and seronegative to that type [5-8]. To most 

accurately assess prior HPV exposure, it is necessary to assess seropositivity to these types, 

since individuals may become DNA test-negative over time. An understanding of current or 

prior exposure to HPV-16 and HPV-18 among HIV-positive MSM older than 26 years is 

therefore critical to guide vaccination policy in this group given its high incidence of anal 

cancer.

Several methods have been used to measure seropositivity to HPV. Antibodies to a variety 

of linear HPV proteins may be measured [9-12]. More recently there has been increasing 

interest in measuring neutralizing antibodies since their presence or absence would 

presumably best reflect potential for benefit from vaccination. A commonly used method is 

a competitive Luminex immunoassay (cLIA) that employs a monoclonal antibody to a 

single L1 neutralizing epitope [13]. While convenient for high-throughput assays and highly 

specific, this assay has limited sensitivity given its ability to detect antibodies to only one 

epitope. More recently ELISAs designed to detect a wider array of neutralizing antibodies 

have been developed to address this limitation [14, 15].

Here we report the prevalence of, and risk factors for seropositivity to HPV-16 and HPV-18 

in a group of HIV-positive MSM using a pseudovirion-based neutralizing assay (PBNA). 
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Since the PBNA likely measures a wider range of antibodies with neutralizing capability 

than cLIA or ELISAs it may have higher sensitivity and thus may better reflect prior HPV 

exposure to HPV-16 and HPV-18 [16]. World Health Organization guidelines for HPV 

vaccines have indicated that neutralization assays are the ‘gold standard’ for unbiased 

assessment of the protective potential of vaccine-induced antibodies [17, 18].

Methods

Study participants

All procedures were performed after obtaining informed consent and with the approval of 

the Committee on Human Research of the University of California, San Francisco (UCSF). 

MSM were recruited into this cohort study between February 1998 and January 2000. 

Interviews were conducted in person at baseline and included medical history, sexual 

practices and substance use [19].

Laboratory testing

Each participant had a swab specimen collected for anal HPV testing and anal cytology. 

High resolution anoscopy with biopsy of visible lesions were performed at each visit. The 

severity of disease reflected the most severe grade of either the cytology or the biopsy 

[19-21]. Blood was obtained for serology, HIV status, HIV viral load and CD4+ lymphocyte 

level. HIV viral load was measured using the branched-chain Chiron assay. When the study 

was initiated, the lower limit of sensitivity was 500 copies/ml. CD4+ levels were measured 

by standardized two- or three-color fluorescence methods as described previously [19]. HPV 

DNA testing of anal swab specimens was performed as described previously using the 

polymerase chain reaction with L1 consensus primers and probes specific for 29 individual 

HPV types and a mixture of 10 other types [21,22]. The intensity of the HPV DNA signal on 

dot-blot was recorded on a standardized scale of 1-4 with 4 representing the most intense 

signal. This has been validated as an indicator of HPV DNA quantity [22,23].

HPV-16 and HPV-18 serum neutralizing antibody titers were determined using a 

pseudovirion-based neutralizing assay (PBNA). The 293TT cell line, p16sheLL, p18sheLL 

and pYSEAP plasmids were kind gifts from John Schiller, NIH. HPV-16 and HPV-18 

pseudovirions (PsVs) were prepared as described [24-26]. The p16sheLL or p18sheLL 

plasmids were co-transfected with the pYSEAP plasmid in 293TT cells. The resulting 

HPV-16 and HPV-18 PsVs carried the secreted alkaline phosphatase (pYSEAP) plasmid. 

PsVs were purified by loading the crude extract on a 2% agarose gel column as described 

previously [26, 27]. The integrity of the PsVs was confirmed using electron microscopy. 

Neutralization assays were performed as previously described [24, 25]. PsVs carrying the 

SEAP-encoding plasmid were incubated with test sera for 1 hour on ice and the mix was 

added to the 293TT cells. After 72 hours SEAP protein secreted into the cell culture medium 

was quantified as a measure of PsV cell entry using the Great Escape SEAP 2.0 detection kit 

(Clontech, Mountain View, CA) per the manufacturer's instructions. Chemiluminescence 

was read on a microplate reader (Dynatech Laboratories, Chantilly, VA). Negative controls 

consisted of sera known to lack neutralizing HPV antibodies. Positive controls consisted of 

assays performed with addition of heparin (1mg/ml) and sera known to contain neutralizing 
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antibodies from HPV-16- and HPV-18-vaccinated individuals (a kind gift from Dr. John 

Schiller, NIH). The neutralization titer was defined as the reciprocal of the highest dilution 

of test serum that reduced the SEAP activity by at least 50% in comparison with reactivity in 

the wells that received only PsVs but no antibody [24, 25]. All assays were done in duplicate 

at four different dilutions − 1:100, 1:200, 1:400 and 1:800. For samples where the titers were 

greater than 1:800 additional assays were performed at higher serum dilutions. Data 

represented an average of the duplicate wells. Samples that did not reduce SEAP activity by 

50% or more at a 1:100 dilution were considered to be seronegative.

Statistical analysis

Relative risks (RRs) were used as the measure of association between selected 

characteristics and serostatus. Confidence intervals for RRs were estimated by Poisson 

regression using robust error variances [28]. Neutralizing titers were expressed as mean ± 

standard deviation (SD) among those who were seropositive. Mean differences between/

among groups were tested by T-tests and analysis of variance (ANOVA) methods. Where 

appropriate, p-for-trend was computed by a likelihood ratio procedure (RRs) or by a 

generalized linear model trend test (means) [29]. Fisher's test was used to compute exact p-

values for 2×2 tables. A cubic spline model was used to graphically assess the association 

between HPV 16 and HPV-18 titer levels. Statistical significance was defined as p <0.05. 

SAS version 9.3 (Cary, NC) was used for all analyses.

Results

Relationship between study population demographics, HIV disease status and HPV 
serostatus

296 HIV-positive MSM were included in the analysis. 86% were White, non-Hispanic, 6% 

were Hispanic and 8% were “other” (Table 1). The mean age was 42 years and 85% 

reported having had at “some college” or “college” education. The mean number of years of 

HIV positivity was 9.5 at the time of the study. Overall 132/296 (45%) of the men were 

seropositive to HPV-16 and 141/296 (48%) were seropositive to HPV-18. 78/296 (26%) 

were positive for both types and 101/296 (34%) were seronegative for both. Overall, 175 of 

296 (59%) of the men were positive for HPV-16 antibodies or HPV-16 DNA, and 167 of 

296 (56%) of the men were positive for HPV-18 antibodies or HPV-18 DNA. Conversely, 

41% of the men were DNA-and seronegative to HPV-16, 44% of the men were DNA-and 

seronegative to HPV-18. Twenty-two % were DNA-and seronegative to both HPV-16 and 

HPV-18.

Titers to HPV-16 in this unvaccinated population were generally less than 1:2000, and titers 

to HPV-18 were generally less than 1:1000.

There was no relationship between age or ethnic/racial background and rates of 

seropositivity to HPV-16 or HPV-18, or titers to these HPV types. Although there was no 

relationship between level of education and rates of seropositivity to HPV-16 or HPV-18, 

HPV-16 neutralization titers were significantly lower (ptrend=.032) among those who 

reported a college education than those who reported high school or some college education. 
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There was no relationship between years of HIV positivity, current CD4+ level and current 

HIV viral load, and HPV-16 or HPV-18 seropositivity or titers (Table 2).

Relationship between anal HPV infection, anal squamous intraepithelial lesions and HPV 
serostatus

There was no relationship between HPV-16 or 18 seropositivity or titers, prevalent anal 

squamous intraepithelial lesions or lesion severity (Table 3). History of anogenital warts was 

associated with higher HPV-18 titers but not overall HPV-16 or HPV-18 seropositivity or 

HPV-16 titers.

HPV-16 seropositivity was associated with HPV-16 DNA positivity. 76 of 119 (64%) men 

who were HPV-16-DNA positive were HPV-16-seropositive, compared with 56 of 177 

(32%) of men who were HPV-16 DNA-negative (pFisher exact <0.001). Likewise, HPV-18 

seropositivity was associated with HPV-18 DNA positivity. 53 of 79 (67%) men who were 

HPV-18 DNA-positive were HPV-18-seropositive, compared with 88 of 217 (41%) of men 

who were HPV-18 DNA-negative (pFisher exact <0.001). Compared with those who were 

HPV-16 DNA-negative, there was a significant increase in HPV-16 seropositivity among 

those who were HPV-16 DNA-positive whether or not they were also positive for HPV-18 

DNA. HPV-16 seropositivity was not associated with HPV-18 DNA positivity alone. 

HPV-16 titers were significantly increased among those who were HPV-16 DNA-positive 

and HPV-18 DNA-negative compared with those who were HPV-16 and HPV-18 DNA-

negative.

As with the significant and specific relationship between HPV-16 DNA positivity and 

HPV-16 seropositivity, there was a significant and specific relationship between HPV-18 

DNA positivity and HPV-18 seropositivity. Compared with those who were HPV-16 DNA-

negative and HPV-18 DNA-negative, there was a significant increase in HPV-18 

seropositivity among those who were HPV-18 DNA-positive and those who were positive 

for both HPV-16 and HPV-18 DNA. In contrast, HPV-18 seropositivity was not associated 

with HPV-16 DNA positivity alone in the absence of concurrent HPV-18 positivity. HPV-18 

titers were significantly increased among those who were HPV-18 DNA-positive but not 

those who were HPV-16 DNA-positive and HPV-18 DNA-negative, or positive for both 

HPV-16 and HPV-18 DNA.

HPV-16 DNA signal intensity correlated with the proportion of study participants who were 

HPV-16-seropositive (ptrend<0.001) and to a lesser extent, the proportion who were HPV-18 

DNA-positive (ptrend=0.013). Higher HPV-16 DNA signal intensity also correlated with 

higher HPV-16 titers (ptrend=0.008) but not HPV-18 titers. HPV-18 DNA signal intensity 

correlated with the proportion of men seropositive for HPV-18 (ptrend<0.001) and HPV-18 

titers (ptrend=0.003) but not with the proportion who were seropositive for HPV-16 or 

HPV-16 titers.

Relationship between sexual behavior and HPV serotatus

A higher number of receptive sexual partners in the last year (ptrend <0.001), but not lifetime 

receptive sexual partners, was associated with a higher proportion of HPV-16 seropositivity 

(Table 4). Both lifetime receptive partners (ptrend =0.010) and receptive partners within the 
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last year (ptrend =0.003) were associated with a higher proportion of HPV-18 positivity. The 

number of receptive partners did not correlate with HPV-16 or HPV-18 titers.

A higher number of lifetime insertive sexual partners (ptrend =0.004) and insertive sexual 

partners in the last year (ptrend =0.006), and were associated with a higher proportion of 

HPV-16 seropositivity, whereas neither insertive partners within the last year nor lifetime 

insertive partners were associated with a higher proportion of HPV-18 positivity. The 

number of insertive partners did not correlate with either HPV-16 or HPV-18 titers.

Multivariable model of risk factors for HPV-16 or HPV-18 seropositivity

Using selected risk factors shown to be significant in univariate analysis, as well as 

measures of HIV status, we assembled a multivariable model of risk factors HPV-16 and 

HPV-18 seropositivity (Table 5). When including years of HIV positivity, current CD4 level 

and HIV viral load, risk factors that remained significant for increased risk of HPV-16 

seropositivity included positivity for HPV DNA with increasing signal intensity 

(ptrend<0.001) and number of receptive partners in the last year (ptrend=0.012). Risk factors 

for HPV-18 seropositivity included HPV-18 positivity with increasing HPV-18 DNA signal 

intensity (ptrend<.001), and number of receptive partners within the last year (ptrend<0.001), 

but also included being older (ptrend=0.019).

Association between HPV-16 and HPV-18 neutralization results

The neutralizing titer levels were significantly higher for HPV-16 (mean=1148, interquartile 

range=1400) than HPV-18 (mean=758, interquartile range=650) genotypes (p<0.0001). 

However, a statistically significant cubic correlation between HPV-16 and HPV-18 titer 

levels was not observed (adjusted R2=0.08, p=0.7629) (Figure 1, supplemental digital 

content).

Discussion

HPV vaccination with the quadrivalent HPV vaccine is not recommended routinely for HIV-

positive MSM older than 26 years. This age cutoff was made based on the assumption that 

HIV-positive men older than 26 years would derive little benefit from vaccination given the 

likelihood of prior exposure to multiple sexual partners. A higher number of sexual partners 

is a risk factor for HPV acquisition and reduced likelihood of benefiting from vaccination 

[30-32]. Consistent with this assumption, nearly all HIV-positive men have prevalent anal 

HPV infection with at least one HPV type, and often have multiple HPV types. However, 

most of these studies show that HPV-16 or HPV-18 DNA is detected in fewer than half of 

men [33], and it is possible some might benefit from HPV vaccination if they are both DNA-

negative and seronegative to HPV-16 or HPV-18. Our study shows that 41% of HIV-

positive MSM are both DNA-negative and seronegative for HPV-16 and 44% were DNA-

negative and seronegative for HPV-18. It is therefore important that both the DNA and 

serostatus of these men to these types be assessed.

This is the first study using the PBNA assay to measure neutralizing antibodies in HIV-

positive MSM, an assay that has been shown to be more sensitive than cLIA or ELISA [13]. 

In this study, as expected, the proportion of HIV-positive MSM with a mean age of 42 years 
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who were seropositive to HPV-16 or HPV-18 was substantially higher than a healthy 

population of unvaccinated women aged 9 to 26 years in British Columbia, among whom 

1.9% were seropositive to HPV-16 and 1.1% to HPV-18 [13]. However, a surprisingly high 

proportion would also be considered naïve to HPV-16 (41%) and HPV-18 (44%) given their 

extensive history of prior sexual exposure. A recently published AIDS Malignancy 

Consortium (AMC) multisite study of similarly-aged HIV-positive MSM showed an even 

higher rate of being “naïve” to HPV-16 (62%) or HPV-18 (78%) [34]. The lower proportion 

of men putatively naïve to HPV-16 and HPV-18 in our study may reflect higher sensitivity 

for measurement of seropositivity using the PBNA assay compared with the ELISA assay. It 

may also reflect a higher prevalence of HPV-16 and HPV-18 DNA positivity in our study, 

since participants with anal high-grade squamous intraepithelial lesions were excluded from 

the AMC study. In an earlier study of HIV-positive MSM, 41% were HPV-16-seropositive 

using a capsid antibody ELISA assay but this assay did not measure neutralizing antibodies 

[35].

In theory individuals who are “naive” to HPV-16 or HPV-18 may benefit from HPV 

vaccination if they remain at risk of de novo exposure to these types. The incidence of 

HPV-16 (10.8 cases/1000 person-months) and HPV-18 DNA (4.4 cases/1000 person-

months) measured at a single time point was high in an earlier study of HIV-positive MSM 

of similar age to those in our study [36] suggesting that the risk of exposure remains high in 

this population. However, we speculate that many if not most men who would currently be 

classified as “naïve” to HPV-16 or HPV-18 were previously seropositive to these types, and 

sero-reverted to negative, a process that has been clearly demonstrated to occur over time in 

healthy women [37,38]. Consistent with this possibility is our observation that HPV-16 

seropositivity was associated in multivariate analysis with the number of receptive sexual 

partners in the last 12 months but not lifetime partners. If these men are not truly naïve, the 

value of vaccination is not clear and studies are needed to determine if vaccination affords 

these men the same protection that they would have received if they were truly naïve.

In our study there was a clear relationship between being positive for HPV-16 or 18 DNA 

and seropositivity to that particular type. HPV-16 seropositivity was not associated with 

HPV-18 DNA positivity alone.. HPV-16 titers were also significantly increased in 

association with higher HPV-16 DNA levels. Similar results were found for HPV-18. There 

was no relationship between presence of and severity of lesions and seropositivity, and it is 

possible that the relationship with HPV DNA quantity may reflect lesion size, which was not 

measured in this study, and potentially quantity of viral capsid antigens to which a serologic 

response is being mounted. Consistent with this, serologic titers also correlated with 

increasing DNA quantity.

Seropositivity did not vary with age, years of HIV positivity, CD4 level, and HAART level. 

The proportion that was seropositive to HPV-16 or HPV-18 did not change from 31 to 60 

years of age. A smaller proportion was positive after age 60 years but we had too few 

participants in this age group to show that this was statistically significant. It is clear that 

HIV-positive MSM can mount a serologic response to HPV-16 or HPV-18 through a wide 

range of CD4 levels and after many years of HIV positivity. The titers that were found were 

considerably lower than those found after vaccination of similarly-aged HIV-positive MSM 
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[34] and reflect the response to natural HPV infection, and possibly, an anamnestic response 

after re-exposure to HPV-16 or HPV-18.

In summary, while a high proportion of HIV-positive MSM are seropositive to HPV-16 and 

HPV-18, a high proportion would also be considered naïve to one or both types despite a 

high likelihood of prior exposure to these types. Serologic responses were maintained over a 

wide CD4 levels and HIV viral loads. Incident detection of HPV-16 and 18 remains high 

among men in this demographic. Studies have shown that HPV vaccination is projected to 

be cost-effective in HIV-negative and HIV-positive MSM up to age 26 years [39]. 

Prospective, randomized studies in HIV-positive MSM in different age strata over the age of 

26 years are needed to determine if HPV vaccination can reduce the risk of incident high-

grade squamous intraepithelial lesions and ultimately have an impact on the high incidence 

of anal cancer.

Supplementary Material
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Table 5
Multivariable relationship between study characteristics and serostatus for HPV 16 and 
18 among HIV-positive men who have sex with men

Characteristic¶ HPV 16-seropositive RR (95% CI)‡ HPV 18-seropositive RR (95% CI)‡

Age at enrollment (yrs)

 ≤30 1.0 Referent 1.0 Referent

 31-40 1.2 (0.59-2.4) 1.0 (0.47-2.2)

 41-50 1.4 (0.68-2.8) 1.3 (0.60-2.8)

 51-60 1.6 (0.72-3.5) 1.4 (0.62-3.4)

 >60 1.2 (0.44-3.4) 2.0 (0.79-5.1)

ptrend=0.21§ ptrend=0.019§

Years of HIV positivity

 ≤5 1.0 Referent 1.0 Referent

 >5-10 0.75 (0.48-1.1) 0.77 (0.53-1.1)

 >10-15 0.74 (0.51-1.1) 0.69 (0.50-0.95)

 >15 0.75 (0.36-1.5) 0.89 (0.46-1.7)

ptrend=0.17§ ptrend=0.087§

CD4 Level

 >500 1.0 Referent 1.0 Referent

 200-500 1.2 (0.91-1.6) 1.2 (0.87-1.5)

 <200 0.69 (0.42-1.2) 1.0 (0.69-1.6)

ptrend=0.53§ ptrend=0.46§

HIV viral load

 <500 1.0 Referent 1.0 Referent

 500-4K 1.1 (0.78-1.6) 0.96 (0.69-1.3)

 >4K-20K 1.3(0.97-1.9) 1.1 (0.75-1.5)

 >20K 1.1 (0.68-1.9) 1.1 (0.72-1.7)

ptrend=0.14§ ptrend=0.73§

HPV 16 DNA intensity

 Negative 1.0 Referent ----

 +1 1.3 (0.68-2.4) ----

 +2-3 2.2 (1.5-3.2) ----

 +4-5 2.4 (1.8-3.1) ----

ptrend<0.001§ ----

HPV 18 DNA intensity

 Negative ---- 1.0 Referent

 +1 ---- 1.2 (0.74-1.8)

 +2-3 ---- 1.9 (1.2-3.1)

 +4-5 ---- 2.1 (1.6-2.7)

---- p <0.001§
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Characteristic¶ HPV 16-seropositive RR (95% CI)‡ HPV 18-seropositive RR (95% CI)‡

No. of anal receptive partners in last year

 None 1.0 Referent 1.0 Referent

 1 1.3 (0.88-2.1) 1.3 (0.87-1.9)

 2-3 1.5 (0.97-2.2) 1.3 (0.88-2.0)

 ≥4 1.5 (1.1-2.1) 1.8 (1.3-2.5)

ptrend=0.012§ ptrend<0.001§

‡
Confidence intervals for relative risks (RR) were computed using robust error variances.

§
Li kelihood ratio trend test for relative risk.

¶
Observations with unknown values excluded from analyses.
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