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Abstract

The clinical relevance of concurrent vaccine-preventable anal HPV genotype infections,
particularly for short-term repeated detection and cytologic outcomes in screened high-
risk populations, remains uncertain. We performed a single-centre retrospective study of
145 adults with at least one 9-valent vaccine-preventable anal HPV genotype at baseline
and repeat HPV DNA testing and cytology approximately 12 months later. Baseline infec-
tions were classified as single- or multiple-genotype infections. Outcomes included clear-
ance of all baseline vaccine-preventable genotypes, genotype-specific repeated detection,
detection of new vaccine-preventable genotypes, complete HPV negativity, and cytologic
regression or progression. At baseline, 70 participants (48.3%) had single and 75 (51.7%)
had multiple genotype infections; most were male (95.2%) and people living with HIV
(88.3%), reflecting a highly selected anal HPV-screened cohort. Multiple infections were
associated with more frequent abnormal baseline cytology (69.3% vs. 45.7%). At follow-
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sically more difficult to achieve in individuals with multiple baseline infections. New vac-
cine-preventable genotype detection did not differ significantly between groups. Geno-
type-specific repeated detection was generally similar between groups, except for HPV58,

ight: © 2026 by the authors. L . .
Copyright: © 2026 by the authors a finding based on small subgroup numbers. Cytologic regression was more frequent after

Licensee MDPI, Basel, Switzerland.

o ‘ single infection, but not statistically significant. Multiple vaccine-preventable anal HPV
This article is an open access article

distributed under the terms and genotype infections were associated with greater baseline cytologic abnormality and
conditions of the Creative Commons ~ lower clearance of baseline vaccine-preventable genotypes at 12 months. Given the retro-

Attribution (CC BY) license. spective design, selected population, limited event counts, and residual confounding,

Pathogens 2026, 15, 730 https://doi.org/10.3390/pathogens15070730



Pathogens 2026, 15, 730

2 of 12

these findings should be interpreted as hypothesis-generating and do not prove impaired
biological clearance.
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1. Introduction

Human Papillomavirus (HPV), one of the most common sexually transmitted infec-
tions (STIs), is a major cause of anal intraepithelial neoplasia and invasive cancer [1-3].
High-risk HPV genotypes, particularly those included in the nonavalent vaccine (9vHPV),
account for the majority of anal lesion cases worldwide. The concurrent presence of mul-
tiple HPV genotypes is common, particularly among people living with HIV (PLWH) and
men who have sex with men (MSM), populations in whom anal HPV prevalence and per-
sistence are substantially higher than in the general population [4-6]. However, the clini-
cal significance of multiple infections on viral persistence and HPV-associated abnormal-
ities remains unclear [7,8]. Most prior studies have focused on the presence of high-risk
HPV overall rather than distinguishing between single and multiple genotype anal infec-
tions, and longitudinal data evaluating type-specific persistence in screened clinical pop-
ulations are limited [9,10]. While concurrent infection with multiple genotypes may reflect
increased exposure risk or host susceptibility, it is uncertain whether multiple infections
are independently associated with differences in viral clearance or cytological outcomes,
or whether observed associations are driven by behavioral or immunologic confounding.
In addition, vaccine-preventable genotypes represent a clinically relevant subgroup given
their contribution to anal cancer burden and the potential implications for prevention
strategies. Understanding the natural history of these genotypes in individuals undergo-
ing anal screening may help contextualize follow-up findings without implying causal
mechanisms. This study aimed to evaluate the 12-month repeated detection and clearance
of vaccine-preventable anal HPV types in a screened cohort and to compare individuals
with single versus multiple HPV genotype infections at baseline. Specifically, we exam-
ined genotype-specific repeated detection, clearance of baseline vaccine-preventable gen-
otypes, new genotype detection, complete HPV negativity, and changes in anal cytology.
Exploratory analyses according to HPV vaccination status were also performed.

2. Materials and Methods
2.1. Study Design

This single-centre, retrospective observational study included patients undergoing
anal HPV DNA testing and concurrent anal cytology at the Infectious Diseases Depart-
ment, ASST Fatebenefratelli Sacco Hospital, Milan, from 2022 to 2023. The study included
adultindividuals (aged > 18 years) who tested positive for at least one vaccine-preventable
HPV genotype at baseline HPV DNA testing (T0) and who had a follow-up visit (T1) with
repeated anal HPV testing and cytology at approximately 12 months. The median interval
between TO and T1 was 13 (interquartile range: 11-16) months. Because this was a retro-
spective routine-care cohort, follow-up timing was not fixed by protocol. The T1 visit cor-
responded to the available repeat anal HPV DNA test and cytology performed approxi-
mately one year after TO as part of clinical care. Analyses were conducted using available
data for each endpoint. Variables collected included age, assigned sex at birth, HPV vac-
cination and HIV status at baseline. For PLWH, HIV viral load values obtained within +1
month of HPV testing at TO and T1 were collected when available. Information on CD4
count, smoking status, detailed sexual behavior characteristics, previous HPV-associated
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disease, and detailed prior anal history were not consistently collected in the retrospective
dataset.

Anal samples were collected using a cytobrush and ThinPrep™ (Hologic BV,
Zaventem, Belgium) for the HPV DNA testing, while for the cytological examination two
direct smear slides were prepared for each patient. Anal HPV testing was performed as
part of routine screening in individuals attending the infectious diseases clinic, mainly
because of reported unprotected anal intercourse with at least one partner in the previous
3 months and/or a history of other STIs, to rule out potential causes of anal inflammation
and abnormalities.

2.2. Laboratory Testing

HPV DNA detection, including vaccine-preventable types (HPV16, HPV18, HPV3],
HPV33, HPV45, HPV52, HPV58, HPV6, and HPV11), was performed at both time points
using the real-time PCR Allplex™ HPV28 Detection (Seegene Inc., Seoul, Republic of Ko-
rea) commercial assay. Infections were categorized as single infection (only one 9vHPV-
preventable HPV genotype detected) or multiple infection (more than one 9vHPV-pre-
ventable genotype detected).

Complete HPV negativity at T1 was operationally defined as the absence of all HPV
genotypes evaluated in the present analysis at follow-up. This endpoint was selected as a
conservative and clinically intuitive measure of complete detectable HPV resolution. It
differs from genotype-specific clearance, because participants were counted as completely
HPV-negative only if no evaluated genotype was detected at T1, including baseline gen-
otypes and any newly detected genotypes. Therefore, complete HPV negativity is intrin-
sically more stringent for participants with multiple baseline infections, because all eval-
uated genotypes must be absent at follow-up. Clearance of all baseline vaccine-preventa-
ble genotypes was defined as absence at T1 of every vaccine-preventable genotype de-
tected at TO, irrespective of newly detected vaccine-preventable genotypes at T1. New
vaccine-preventable genotype detection was defined as detection at T1 of at least one vac-
cine-preventable genotype not detected at TO. Genotype-specific repeated detection was
defined as detection at T1 of the same HPV genotype present at TO. Because HPV testing
was performed at only two time points, this endpoint was not considered definitive proof
of continuous infection and may reflect continuous infection, intermittent detectability, or
reinfection with the same genotype. Genotype-specific clearance was defined as absence
at T1 of a genotype detected at TO, irrespective of other HPV genotypes detected at follow-
up. Anal cytology was reported according to the 2014 Bethesda System for Reporting Cer-
vical Cytology [11]. Baseline anal cytology was classified as NEG (unremarkable), LSIL
(low-grade squamous intraepithelial lesion), ASC (atypical squamous cells), or HSIL
(high-grade squamous intraepithelial lesion). Cytology regression was defined as transi-
tion from an abnormal cytology result (ASC, LSIL, or HSIL) at TO to a negative (NEG)
result at T1, whereas cytology progression was defined as a change from NEG at T0 to an
abnormal result (ASC, LSIL, or HSIL) at T1.

2.3. Statistics

Descriptive statistics were used to summarize demographic and clinical characteris-
tics of the study population. Continuous variables were presented as median and inter-
quartile range (IQR), while categorical variables were presented as counts and percent-
ages. Categorical variables were compared using Chi-square test or Fisher’s exact test
when expected cell counts were small. Continuous variables were compared using the
Mann-Whitney U test.

An exploratory multivariable logistic regression model was fitted only for abnormal
baseline cytology (ASC, LSIL, or HSIL) versus negative cytology, because this was the
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outcome with the most robust event count. The exposure of interest was baseline infection
pattern, defined as multiple versus single vaccine-preventable HPV genotype infection.
The model was adjusted for age, HPV vaccination status, and HIV status. Adjusted odds
ratios (ORs) with 95% confidence intervals (CIs) were reported. Multivariable models
were not fitted for complete HPV negativity at T1, clearance of all TO vaccine-preventable
genotypes, cytologic regression, cytologic progression, or genotype-specific repeated de-
tection because of limited event numbers, small genotype-specific denominators, and the
risk of overfitting. Variables not systematically collected, including detailed sexual behav-
ior, smoking status, CD4 count, prior STI history, previous HPV-associated disease, and
previous anal screening history, were not included in the statistical models.
A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Characteristics of the Population

Overall, the study included 145 participants. Of these, 70 (48.3%) had a single HPV
genotype infection at TO, while 75 (51.7%) had multiple genotype infections. The cohort
was predominantly male (138/145, 95.2%), with a median age of 47 (38-54) years and 128
PLWH participants (88.3%), indicating a selected anal HPV-screened cohort. Among
PLWH, HIV viral load data were available for all 128 participants. At T0, 127/128 (99.2%)
had HIV RNA <200 copies/mL, while one participant had HIV RNA > 200 copies/mL. At
T1, all PLWH had HIV RNA <200 copies/mL.

At TO, 38 of 145 (26.2%) participants had received at least one dose of nonavalent
HPV vaccine. Specifically, 34 individuals completed the three-dose vaccination schedule
before TO0 testing (median time from vaccination to testing: 0.8 [0.2-2.3] years). Regarding
cytology, 61/145 (42.1%) participants had negative cytology (NEG) and 84/145 (57.9%) had
abnormalities, defined as ASC, LSIL, or HSIL.

3.2. Characteristics of Individuals with Single vs. Multiple Genotype Infections

In the single infection group (n = 70), 65 (92.9%) individuals were male, the median
age was 46 (37-53) years, 62 (88.6%) were PLWH, 21 (30.0%) were vaccinated, and 32
(45.7%) had abnormal cytology at TO. In contrast, in the multiple infection group (1 =75),
73 (97.3%) individuals were male, the median age was 48 (37-56) years, 66 (88.0%) were
PLWH, 17 (22.7%) were vaccinated, and 52 (69.3%) had abnormal cytology at TO. Table 1
shows the characteristics of individuals with single and multiple HPV genotype infec-
tions.

Table 1. Demographic and clinical characteristics of participants with single and multiple vaccine-

preventable HPV genotype infections at baseline (T0).

Single Infection Multiple Infection

Characteristic
(n =70) (n =75)

Age, median (IQR) 46 (37-53) 48 (37-56) 0.283
Assigned sex at birth, 1 (%)

Male 65 (92.9%) 73 (97.3%) 0.209
HIV status, n (%)

PLWH 62 (88.6%) 66 (88.0%) 0.915
HPV vaccination, n (%)

Vaccinated * 21 (30.0%) 17 (22.7%) 0.316
Baseline cytology, n (%)

NEG 38 (54.3%) 23 (30.7%) 0.004

ASC 12 (17.1%) 16 (21.3%) 0.523
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LSIL 20 (28.6%) 27 (36.0%) 0.340
HSIL 0 (0.0%) 9 (12.0%) 0.003

* vaccination with at least one dose of nonavalent HPV vaccine.

After adjustment for age, HPV vaccination status, and HIV status, multiple baseline
vaccine-preventable HPV genotype infection remained associated with higher odds of ab-
normal TO cytology compared with single infection (adjusted OR, 2.65; 95% CI, 1.33-5.28;
p=0.006; Appendix A, Table Al). This analysis was exploratory, and the primary analyses
remained the univariate comparisons.

The TO distribution of specific HPV genotypes differed between groups. In the single
infection group (n = 70), HPV16 was detected in 19 cases (27.1%), HPV58 in 12 cases
(17.1%), and HPV6 in 10 cases (14.3%). In the multiple infection group (n = 75), HPV16
was the most prevalent genotype (39, 52.0%), followed by HPV58 (35, 46.7%) and HPV52
(17/75, 22.7%). Table 2 shows the distribution of HPV genotypes in the single infection
and in the multiple infection groups.

Table 2. HPV genotypes distribution in single and in multiple infection groups at baseline (T0).

HPV Type Single Infection (1 = 70) Multiple Infection (1 = 75) p

HPV16 19 (27.1%) 39 (52.0%) 0.002
HPV18 4 (5.7%) 22 (29.3%) <0.001
HPV31 7 (10.0%) 21 (28.0%) 0.007
HPV33 7 (10.0%) 20 (26.7%) 0.011
HPV45 5 (7.1%) 10 (13.3%) 0.280
HPV52 1(1.4%) 17 (22.7%) <0.001
HPV58 12 (17.1%) 35 (46.7%) <0.001
HPV6 10 (14.3%) 23 (30.7%) 0.028
HPV11 5 (7.1%) 10 (13.3%) 0.280

Overall, complete HPV negativity at T1 was achieved in 20/145 (13.8%) individuals.
Specifically, it was observed in 17/70 individuals (24.3%) with single infection and 3/75
individuals (4.0%) with multiple infections (p < 0.001). Because complete HPV negativity
required absence of all evaluated genotypes at T1, this result is intrinsically more difficult
to achieve in participants with multiple baseline infections and should not be interpreted
as a direct measure of genotype-specific biological clearance.

When considering clearance of vaccine-preventable genotypes irrespective of the
presence of newly detected HPV types at T1, a higher proportion of individuals in the
single infection group cleared all TO genotypes compared with those with multiple infec-
tions (24/70 [34.3%] vs. 9/75 [12.0%], p = 0.002). New vaccine-preventable HPV genotypes
at T1 were detected in 39/145 (26.9%) cases; specifically, in 16/70 (22.9%) individuals with
single infection and in 23/75 (30.7%) individuals with multiple infections at TO (p = 0.350).
This finding indicates that new vaccine-preventable genotype detection during follow-up
was common in this screened high-risk population and may have contributed to the low
proportion of participants reaching the complete HPV-negativity endpoint.

Most genotype-specific repeated detection rates were similar between groups. Re-
peated HPV58 detection differed between groups (12/12, 100%, in the single-infection
group vs. 22/35, 62.9%, in the multiple-infection group; p = 0.021), although this finding
was based on a small subgroup, particularly in the single-infection group, and should be
considered exploratory (Table 3).
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Table 3. Genotype-specific repeated detection and clearance of vaccine-preventable HPV types at

12-month follow-up (T1), by baseline (T0) infection pattern (single vs. multiple infection).

HPV Overall Repeated Detec- Single Infec-  Multiple Infec-

Type tion tion tion
HPV16 44/58 (75.9%) 14/19 (73.7%) 30/39 (76.9%) 1
HPV18 15/26 (57.7%) 1/4 (25.0%) 14/22 (63.6%) 0.279
HPV31 20/28 (71.4%) 5/7 (71.4%) 15/21 (71.4%) 1
HPV33 15/27 (55.6%) 3/7 (42.9%) 12/20 (60.0%) 0.662
HPV45 9/15 (60.0%) 2/5 (40.0%) 7/10 (70.0%) 0.329
HPV52 11/18 (61.1%) 1/1 (100%) 10/17 (58.8%) 1
HPV58 34/47 (72.3%) 12/12 (100%) 22/35 (62.9%) 0.021
HPV6 19/33 (57.6%) 6/10 (60.0%) 13/23 (56.5%) 1
HPV11 6/15 (40.0%) 2/5 (40.0%) 4/10 (40.0%) 1
HPV Type Overall Clearance
HPV16 14/58 (24.1%) 5/19 (26.3%) 9/39 (23.1%) 1
HPV18 11/26 (42.3%) 3/4 (75.0%) 8/22 (36.4%) 0.279
HPV31 8/28 (28.6%) 2/7 (28.6%) 6/21 (28.6%) 1
HPV33 12/27 (44.4%) 4/7 (57.1%) 8/20 (40.0%) 0.662
HPV45 6/15 (40.0%) 3/5 (60.0%) 3/10 (30.0%) 0.329
HPV52 7/18 (38.9%) 0/1 (0.0%) 7/17 (41.2%) 1
HPV58 13/47 (27.7%) 0/12 (0.0%) 13/35 (37.1%) 0.021
HPV6 14/33 (42.4%) 4/10 (40.0%) 10/23 (43.5%) 1
HPV11 9/15 (60.0%) 3/5 (60.0%) 6/10 (60.0%) 1

Among participants with abnormal TO cytology, cytologic regression to NEG at T1
was observed in 17/32 (53.1%) individuals in the single-infection group and 16/52 (30.8%)
in the multiple-infection group (p = 0.065). Among participants with NEG cytology at TO,
cytologic progression to ASC, LSIL, or HSIL at T1 occurred in 9/38 (23.7%) single-infection
cases and 8/23 (34.8%) multiple-infection cases (p = 0.388). These cytologic outcomes were
based on cytology only and were not systematically confirmed by high-resolution anos-
copy or histology.

3.3. Baseline Characteristics and 12-Month Outcomes According to HPV Vaccination Status

Analyses according to HPV vaccination status were exploratory and were not de-
signed to estimate vaccine effectiveness. At baseline, 38/145 individuals (26.2%) had re-
ceived at least one dose of HPV vaccine. Vaccinated individuals were significantly
younger than unvaccinated individuals (median age 40 [IQR 35-47] years vs. 50 [IQR 39—
56] years, p <0.001), representing an important potential confounder for vaccination-strat-
ified comparisons. The distribution of assigned sex at birth and HIV status was similar
between groups. Regarding TO cytology, vaccinated individuals showed a higher propor-
tion of normal cytology (21/38, 55.3%) compared with unvaccinated individuals (40/107,
37.4%), although this difference did not reach statistical significance (p = 0.055). LSIL was
less frequent among vaccinated individuals (5/38, 13.1%) than among unvaccinated indi-
viduals (42/107, 39.2%; p = 0.004). Table 4 summarizes baseline characteristics according
to vaccination status.
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Table 4. Baseline (T0) characteristics of individuals according to vaccination status, including age,

assigned sex at birth, HIV status, cytology.

Characteristic Vaccinated (n = 38) * Unvaccinated (n = 107) p
Age, median (IQR) 40 (35-47) 50 (39-56) <0.001
Assigned sex at birth, 1 (%)
Male 35 (92.1%) 103 (96.3%) 0.305
HIV status, n (%)
PLWH 34 (89.5%) 94 (87.8%) 0.789
Baseline cytology, 1 (%)
NEG 21 (55.3%) 40 (37.4%) 0.055
ASC 9 (23.7%) 19 (17.8%) 0.427
LSIL 5 (13.1%) 42 (39.2%) 0.004
HSIL 3 (7.9%) 6 (5.6%) 0.698

* vaccination with at least one dose of nonavalent HPV vaccine.

Most genotype-specific detection rates at TO were similar between groups; however,
HPV16 was more frequent among unvaccinated individuals (p = 0.045). The distribution
of other vaccine-preventable HPV genotypes did not differ significantly between groups
(Table 5).

Table 5. Distribution of vaccine-preventable HPV genotypes at baseline (T0), according to HPV vac-

cination status.

HPV Type Vaccinated (1 = 38) * Unvaccinated (n = 107) p
HPV16 10 (26.3%) 48 (44.9%) 0.045
HPV18 8 (21.0%) 18 (16.8%) 0.559
HPV31 9 (23.7%) 19 (17.7%) 0.427
HPV33 8 (21.0%) 19 (17.8%) 0.654
HPV45 5 (13.2%) 10 (9.3%) 0.507
HPV52 2 (5.3%) 16 (14.9%) 0.157
HPV58 15 (39.5%) 32 (29.9%) 0.279
HPV6 7 (18.4%) 26 (24.3%) 0.458
HPV11 3 (7.9%) 12 (11.2%) 0.760

* vaccination with at least one dose of nonavalent HPV vaccine.

At T1, complete HPV negativity was observed in 8/38 (21.0%) vaccinated individuals
and 12/107 (11.2%) unvaccinated individuals (p = 0.131). Cytologic regression occurred in
10/17 (58.8%) vaccinated individuals compared with 23/67 (34.3%) unvaccinated individ-
uals (p = 0.065), while cytologic progression was observed in 8/21 (38.1%) vaccinated indi-
viduals and 9/40 (22.5%) unvaccinated individuals (p = 0.197).

4. Discussion

In this retrospective cohort of predominantly male individuals (95.2%), most of
whom were PLWH (88.3%) with near-universal virological suppression, multiple vaccine-
preventable anal HPV genotype infections at baseline were associated with a higher prev-
alence of cytologic abnormalities and lower clearance of all baseline vaccine-preventable
genotypes at 12 months compared with single genotype infections. This is consistent with
previous evidence showing that anal HPV infection and HPV-associated abnormalities
are highly prevalent among MSM and PLWH [12]. These findings add longitudinal data
to the limited literature comparing single and multiple anal HPV genotype infections in
screened clinical populations, but they should be interpreted in the context of a selected
high-risk population attending an infectious diseases setting.

https://doi.org/10.3390/pathogens15070730
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The higher prevalence of abnormal cytology observed among individuals with mul-
tiple infections at TO may reflect several non-mutually exclusive factors. Multiple geno-
type detection may represent increased cumulative HPV exposure, shared behavioral risk
factors, host susceptibility, or immunological vulnerability, particularly in a cohort with a
high prevalence of HIV. Alternatively, a higher total genotype burden may increase the
probability of detecting cytologic abnormalities without necessarily implying synergistic
biological interaction between viral types. Therefore, in this study, multiplicity should be
interpreted primarily as a marker of exposure burden or clinical risk rather than as evi-
dence that multiple infections directly impair genotype-specific clearance. Similar associ-
ations between multiple HPV-type detection and anal precancerous lesions have been re-
ported in men living with HIV, supporting the interpretation that genotype burden may
be a marker of lesion risk rather than evidence of direct viral synergy [13]. Studies of MSM
undergoing anal cancer screening have similarly shown that multiple HPV infections are
frequent and often coexist with cytologic or histologic abnormalities, reinforcing the need
to interpret multiplicity as a clinical-risk marker [14]. Multiple HPV genotype detection
may also be a marker of broader sexual network exposure and cumulative STI or pathogen
burden. In high-risk screened populations, repeated exposure to diverse pathogens may
contribute to mucosal inflammation or immune activation and could influence HPV de-
tection and cytologic abnormalities. However, the present dataset did not include detailed
partner number, contemporaneous STI diagnoses, or markers of other viral coinfections;
therefore, this hypothesis could not be directly evaluated.

When clearance of all TO vaccine-preventable genotypes was examined, a higher pro-
portion was observed in the single-infection group (34.3% vs. 12.0%). This endpoint is
more directly interpretable than complete HPV negativity because it focuses on baseline
vaccine-preventable genotypes, irrespective of newly detected types at follow-up. Com-
plete HPV negativity was retained only as a stringent secondary endpoint and should not
be interpreted alone as evidence of impaired biological clearance, because it required ab-
sence of all evaluated genotypes at T1 and was therefore intrinsically more difficult to
achieve for individuals with multiple baseline infections. For this reason, the interpreta-
tion of follow-up HPV outcomes was based primarily on clearance of baseline vaccine-
preventable genotypes, genotype-specific repeated detection, and new genotype detec-
tion.

The detection of new vaccine-preventable HPV genotypes at follow-up in approxi-
mately 27% of participants highlights the dynamic nature of anal HPV detection in this
population. New genotype detection may reflect ongoing sexual exposure, reinfection, re-
activation of previously undetectable infection, intermittent detectability, or susceptibility
related to host or immunological factors. Although new genotype detection did not differ
significantly between groups, it may have contributed to the low frequency of complete
HPV negativity, particularly among individuals with multiple baseline infections. These
findings support interpreting 12-month anal HPV outcomes as a balance between clear-
ance of baseline genotypes, repeated detection of baseline genotypes, and detection of
new genotypes rather than as a simple persistence-versus-clearance dichotomy. Incident
anal HPV detection and type-specific persistence have been described as common events
in longitudinal studies of men, particularly among MSM, supporting the interpretation
that new genotype detection during follow-up may reflect ongoing exposure [15]. In
PLWH as well, anal HPV detection reflects a dynamic balance between incidence, persis-
tence, and clearance, further supporting the need to distinguish complete HPV negativity
from genotype-specific clearance [16].

Repeated HPV58 detection was numerically higher in the single-infection group.
However, this result was based on only 12 HPV58-positive participants in the single-in-
fection group and should be considered exploratory. No inference regarding HPV58-spe-
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cific viral fitness, transmissibility, or host immune control can be made from this subgroup
finding.

Taken together, the lower likelihood of complete HPV negativity and lower clearance
of all TO vaccine-preventable genotypes among individuals with multiple infections may
reflect baseline genotype burden, repeated detection of at least one baseline genotype, and
newly detected HPV types during follow-up rather than a uniform impairment in geno-
type-specific clearance. This interpretation is consistent with the dynamic natural history
of HPV infection, which may include persistence, clearance, intermittent detection, reac-
tivation, and reinfection, and with longitudinal data showing that high-risk anal HPV per-
sistence in MSM is influenced by sexual exposure patterns [17,18].

Cytologic regression, assessed as a screening-test outcome rather than a histologi-
cally confirmed lesion outcome, appeared more frequent in the single-infection group,
although subgroup analyses were limited by small numbers. These findings suggest that
infection burden may be associated with short-term cytologic dynamics; however, cytol-
ogy outcomes were not systematically confirmed by histology, and misclassification can-
not be excluded [19]. Residual confounding, particularly related to sexual behavior, smok-
ing, HIV-related immunologic markers, and prior screening history, may influence both
infection multiplicity and cytologic evolution. Although HIV viral load was available for
all PLWH and showed near-universal virological suppression at both time points, resid-
ual HIV-related confounding cannot be excluded because CD4 count, nadir CD4 count,
duration of HIV infection, and ART history were not consistently available.

In exploratory analyses stratified by HPV vaccination status, vaccinated individuals
were significantly younger than unvaccinated individuals. This age imbalance is a major
potential confounder, and the present retrospective study was not designed to assess HPV
vaccine effectiveness. Although vaccinated participants showed a numerically higher fre-
quency of complete HPV negativity and cytologic regression, these differences were not
statistically significant in univariate analyses and should be considered hypothesis-gen-
erating only. The lower baseline prevalence of HPV16 among vaccinated participants
should likewise be interpreted cautiously because vaccination status was not randomized
and may be associated with age, sexual exposure, screening history, and other unmeas-
ured factors. In addition, exact timing of vaccination relative to HPV acquisition and com-
plete dose-level information were not available for all participants. The focus on vaccine-
preventable genotypes was chosen because these types are included in the nonavalent
HPV vaccine and are relevant to prevention strategies; however, the present study was
not designed to evaluate prophylactic or therapeutic vaccine effectiveness. Stronger con-
clusions regarding vaccine effectiveness would require prospective studies with detailed
vaccination histories and appropriate adjustment for confounding.

This study has several limitations. First, the cohort was highly selected, consisting
predominantly of male participants and PLWH undergoing anal HPV screening in an in-
fectious diseases setting; therefore, the findings may not be generalizable to women, HIV-
negative individuals, unscreened populations, or general population screening cohorts.
Second, the modest sample size and limited number of events for several endpoints re-
duced statistical power, particularly for complete HPV negativity at T1, clearance of all
baseline vaccine-preventable genotypes, cytologic regression, cytologic progression, and
genotype-specific repeated detection. Accordingly, only one exploratory multivariable lo-
gistic regression model was fitted, for abnormal baseline cytology, while additional mul-
tivariable models were not performed to avoid overfitting and unstable estimates. Third,
residual confounding remains likely because key behavioral, clinical, and immunological
variables, including detailed sexual exposure, smoking status, prior STI history, previous
HPV-associated disease, previous anal screening history, CD4 count, and HPV viral load,
were not available or not consistently captured. Fourth, vaccination-stratified analyses
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were limited by incomplete information and cannot be interpreted as estimates of vaccine
effectiveness. Fifth, cytologic outcomes were not systematically confirmed by high-reso-
lution anoscopy-guided biopsy or histology. Cytology-only assessment can misclassify
lesion status and may either overestimate or underestimate true histologic regression or
progression, particularly for clinically relevant anal HSIL. Therefore, cytologic regression
and progression should be interpreted as screening-test dynamics rather than confirmed
lesion outcomes. Sixth, HPV repeated detection was assessed using DNA detection at only
two time points. Detection of the same genotype at TO and T1 was classified analytically
as genotype-specific repeated detection rather than confirmed persistence, because this
approach cannot distinguish continuous infection from intermittent detectability, viral la-
tency with reactivation, or reinfection with the same genotype. Viral sequencing and more
frequent longitudinal sampling would be required to distinguish these mechanisms. Fi-
nally, analyses focused on vaccine-preventable genotypes, and conclusions should not be
extended to non-vaccine-preventable HPV types.

Despite these limitations, this study provides real-world longitudinal data on vac-
cine-preventable anal HPV genotypes in a high-risk screened population. By distinguish-
ing single from multiple genotype infections, it highlights short-term virologic and cyto-
logic patterns that merit further investigation. Larger prospective cohorts incorporating
more frequent sampling, viral sequencing, quantitative HPV viral load, HIV-related im-
munological markers, detailed behavioral and vaccination data, histologic confirmation,
and non-vaccine-preventable HPV genotypes are needed to better characterize the clinical
significance of concurrent vaccine-preventable HPV infections.

5. Conclusions

In summary, in this highly selective, screened cohort composed predominantly of
male PLWH, multiple vaccine-preventable HPV genotype infections were associated with
a higher prevalence of anal cytologic abnormalities and lower clearance of all baseline
vaccine-preventable genotypes at 12 months. Repeated detection of baseline genotypes
and detection of new vaccine-preventable genotypes were common, highlighting the dy-
namic nature of anal HPV detection in this population. Given the retrospective design,
limited event counts, residual confounding, cytology-only outcome assessment, and the
availability of only two HPV testing time points, these findings may reflect differences in
exposure burden, host susceptibility, intermittent detectability, or ongoing genotype ac-
quisition rather than impaired biological clearance. Prospective cohort studies incorporat-
ing more frequent sampling, viral sequencing, quantitative HPV viral load, HIV-related
immunological markers, detailed behavioral data, histologic confirmation, and non-vac-
cine-preventable HPV genotypes are needed to better elucidate the natural history and
clinical significance of concurrent anal HPV infections.
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Abbreviations

The following abbreviations are used in this manuscript:

HPV Human Papillomavirus
HIV Human immunodeficiency virus
PLWH People living with HIV
MSM Men who have sex with men
9vHPV nonavalent HPV vaccine
DNA Deoxyribonucleic acid
T0 Baseline HPV DNA testing
T1 Follow-up visit
ASC Atypical squamous cells
LSIL Low-grade squamous intraepithelial lesion
HSIL High-grade squamous intraepithelial lesion
NEG Negative
Appendix A

Table Al. Exploratory multivariable logistic regression model for abnormal baseline cytology.

Outcome Predictor Adjusted OR (95% CI) p
Multiple vs. single infec-
Abnormal TO cytology ¢ Vtsioing ¢ miec 2.65 (1.33-5.28) 0.006
Age 0.99 (0.96-1.02) 0.482
HPV vaccination status 0.46 (0.20-1.05) 0.065
HIV status 1.03 (0.35-3.00) 0.965

CI = Confidence Interval; HIV = human immunodeficiency virus; OR = Odds Ratio; TO = baseline.
Outcome events: 84 abnormal baseline cytology cases. Abnormal TO cytology was defined as ASC,
LSIL, or HSIL versus negative cytology. The model was adjusted for infection pattern, age, HPV
vaccination status, and HIV status. This model was considered exploratory. Multivariable models
for complete HPV negativity, clearance of all baseline vaccine-preventable genotypes, cytologic re-
gression, cytologic progression, and genotype-specific repeated detection were not performed be-

cause of limited event numbers, small genotype-specific denominators, and the risk of overfitting.
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