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Abstract

Introduction: Women living with HIV (WLWH) experience a higher burden of human papilloma-
virus (HPV) infection compared with the general population. Although immune dysregulation has
been demonstrated in HIV-exposed, uninfected (HEU) children, their risk of HPV infection remains
unclear. This study assessed the prevalence, genotype distribution, and clinical manifestations of HPV
infection among pre-pubertal HEU children and their HIV-positive mothers in Poland.

Material and methods: Thirty HEU children (median age, 17.7 months) and 28 WLWH were ex-
amined, along with 24 HIV-unexposed controls. Genital swabs were tested for 35 HPV genotypes by
PCR, and HPV 6/11/16/18 antibodies were assessed by ELISA. Mothers also underwent gynecological
examination and cervical cytology.

Results: HPV DNA was detected in 12/ 28 mothers (43%), including 11 (39%) with high-risk HPV types
and 21% with multiple infections (2-7 genotypes), most frequently HPV 16, 31, 52, and 83. Cytological
abnormalities, such as inflammatory changes, LSIL, ASC-US, and ASC-H, occurred in 17%, 25%, 17%,
and 8% of HPV-positive women, respectively. HPV DNA was found in 3/30 (10%) of HEU children and
none among controls (p = 0.24), while HR-HPV accounted for 100% of HEU children infections. Nonava-
lent vaccine-covered genotypes were revealed in 43% of HPV infections in mothers and 75% in children.
All serologic tests were negative.

Conclusions: Women living with HIV showed a high prevalence of HPV, with frequent multiple in-
fections and predominance of high-risk genotypes. HPV DNA was detected in 10% of HIV-exposed,
uninfected children. These findings underscore the need for larger longitudinal studies to better define
HPV epidemiology in HEU children, and to inform preventive strategies.
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transmitted from mother to child, with prenatal and peri-
natal transmission through direct contact with the mucous
membranes of the genital tract considered the most common
route [3, 4]. Horizontal transmission through caregiving ac-
tivities during the early postnatal period is also possible [5].
In HIV-exposed, uninfected (HEU) children, immune
system dysregulation has been demonstrated, involving
both innate and adaptive (T and B cell-mediated) immune
mechanisms, along with elevated markers of chronic im-
mune activation and inflammation [6-8]. Consequently,
this population has an increased risk of infectious diseases,
though identifying specific pathogens with increased in-
fection rates requires further research [6, 8]. The primary
endpoint of this study was the prevalence of HPV DNA in
HIV-exposed, uninfected children compared with controls.
Secondary endpoints included HPV genotype distribution,
mother-child genotype concordance, and clinical correlates.

Material and methods

The study included 30 children, patients of the Depart-
ment of Pediatric Infectious Diseases, Wroclaw, Poland.
These children were followed for the evaluation of possible
vertical HIV transmission, and all tested negative for mater-
nal HIV infection. Among mothers, 28 HIV-positive women
participated (two mothers had two children each), and none
of them had been vaccinated against HPV infection. A con-
trol group of 24 children, matched for age and sex, was en-
rolled. Control participants had no risk factors for maternal
HIV transmission and no chronic illnesses. The study was
conducted between July 2011 and August 2012.

The visit protocol of both groups included: medical his-
tory (including clinical symptoms of recurrent respiratory
papillomatosis caused by a HPV infection, e.g. hoarseness,
cough, stridor, weak cry, or dysphonia), physical examina-
tion (including thorough physical examination of the oral
cavity, genital and anal area), and collection of biological
samples for virological testing using PCR for HPV DNA
(swabs from genital areas - labia, vestibule, glans penis,
foreskin) and blood samples for serological testing. Mothers
underwent gynecological evaluation (performed by a gyne-
cologist): pelvic examination, cervical cytology, vaginal and
cervical swabs for virological testing, and blood sampling for
serological testing. Samples from mothers and children were
obtained on the same day.

Clinical specimens were collected using flocked swabs
(FIOQSwabs®, Copan UTM collection system; Italy) with
a liquid transport medium. PCR-based virological testing
was performed by external commercial REX Laboratory
(Wroclaw, Poland) using CLART Human papillomavirus
2 assay (Genomica; Madrid, Spain) to detect 35 HPV sub-
types: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51,
52, 53, 54, 56, 58, 59, 61, 62, 66, 68, 70, 71, 72, 73, 81, 82, 83,
84, 85, and 89 [9-11].

Serological testing was done in a research laboratory
of the Department of Pediatric Infectious Diseases, Wroclaw,
Poland. Antibody levels were assessed using commercial

enzyme-linked immunosorbent assay (ELISA) test, based on
virus-like particles (VLPs) of HPV types 6, 11, 16, and 18
(EIA-4907, DRG Instruments GmbH; Germany). The assay
employs recombinant L1 VLP antigens immobilized on
microtiter plates, and was performed according to the manu-
facturer’s instructions. Optical density values were measured
spectrophotometrically, and results were interpreted using
the manufacturer-defined cut-off for seropositivity. All sam-
ples were processed under identical laboratory conditions to
minimize intra-assay variability [12, 13].

Proportions were summarized as percentages, with
95% confidence intervals (CIs) calculated using the Wilson
score interval. Comparisons of categorical variables between
groups were performed using two-sided Fisher’s exact test.
Statistical significance was defined as a p-value of < 0.05.
Genotype-specific mother-child concordance was evalu-
ated across a pre-defined panel of 35 HPV genotypes us-
ing observed agreement and Cohen’s kappa (k) coefficient,
to account for agreement beyond chance. In addition, any
type concordance was defined as the presence of at least one
shared HPV genotype between mother and her child, while
child-to-mother concordance was defined as the detection
of all HPV genotypes identified in the child and its mother.
All statistical analyses were performed using R statistical en-
vironment (R Foundation for statistical computing; Vienna,
Austria).

The study was conducted in accordance with the Decla-
ration of Helsinki of 1975, as revised in 2000, and the pro-
tocol was approved by the Bioethics Committee of the Wro-
claw Medical University (approval number: KB-439/2007)
on September 20, 2007. Informed consent for participation
was obtained from all subjects involved in the study.

Results

Study group description

The study group comprised 30 HEU children (13 fe-
males and 17 males), aged 1 month to 5 years (median age,
17.7 months), while the 28 HIV-infected mothers were aged
between 27 and 42 years (median age, 33 years). The inter-
val between maternal HIV diagnosis and childbirth ranged
from 0 to 13 years (median, 4.5 years). The control group in-
cluded 24 children (13 females and 11 males), aged 6 months
to 5 years (median age, 20.1 months).

Most pregnancies were properly managed to prevent
vertical HIV transmission. Antiretroviral therapy (ART) was
administered in 27 of 30 pregnancies (in 17/27 throughout
pregnancy, and in 10/27 during the 2™ and 3™ trimesters).
HIV viremia during pregnancy was documented in 19/30
cases, with undetectable viral load in 18/19 (< 40 copies/ml)
and > 1,000 copies/ml in one case. Zidovudine was adminis-
tered intravenously during delivery in all cases (30/30), and
all children were delivered via cesarean section (24 elective,
6 emergency).
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All mothers reported 100% adherence to infant ART
prophylaxis.

The reported risk factors for horizontal HPV transmis-
sion included bed-sharing with a parent (4/30, 13.3% of chil-
dren) and overcrowded living conditions, defined as > 2 per-
sons per room (8/30, 26.7% of children).

HPV in mothers

HPV DNA was detected in cervical swabs in 42.9% of
mothers (12/28; 95% CI: 26.5-60.9, calculated using the
Wilson score method) (Table 1). Twenty-two different HPV
types were identified, including HPV 6, 11, 16, 18, 31, 33, 35,
40, 42, 44, 51, 52, 54, 56, 58, 59, 61, 62, 66, 68, 82, and 83.
Multiple infections (2-7 types) were found in 21.4% of women
(6/28; 95% CI: 10.2-39.5), with an average of 2.9 genotypes
per patient.

High-risk (HR) HPV genotypes were present in 39.3%
of mothers (11/28; 95% CI: 23.6-57.6), while only one woman
(1/28, 3.6%; 95% CI: 0.6-17.9) was infected exclusively with
low-risk (LR) HPV types (HPV 11, 83). The most frequently
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detected genotypes were HPV 16, 31, 52, and 83. HR-HPV
accounted for 60% and LR genotypes for 40% of all in-
fections. Among HIV/HPV-co-infected mothers, 5 of 12
(41.7%; 95% CI: 19.3-68.0) reported current or previous
clinical symptoms of HPV infection, and 8 of 12 (66.7%;
95% CI: 39.1-86.2) women had abnormal cytological find-
ings (Table 2).

Among identified infections in mothers, nonavalent
vaccine-covered genotypes were found in 43%.

HPV in children

HPV DNA was detected in 10.0% of HEU children
(3/30; 95% CI: 3.5-25.6) (Table 1), compared with 0.0%
in the control group (0/24; 95% CI: 0.0-13.7); however,
the between-group difference did not reach statistical signi-
ficance (Fisher’s exact test, p = 0.24).

Genotype-specific concordance was assessed across
a pre-defined panel of 35 HPV genotypes in three mother-
child pairs. Pooled across all pairs (105 genotype-level
observations), the observed agreement was 86.7%, while

Table 1. Summary of demographics, and clinical and cytological findings of all HPV-positive mothers of the study. Children

results align with that of their mothers

Mother, | Mother, clinical | Mother, cervical Mother, cervical Child, age Child, clinical Child,
age signs HPV DNA" cytology signs anogenital
(years) HPV DNA"
30 Asymptomatic | 31, 33, 42, 59, 61 LSIL 53 months old male | Asymptomatic 16
35 Asymptomatic | 16, 42, 52, 54, 56 LSIL 40 months old Asymptomatic 52,56
female
27 Cervical 16, 31, 51, 58 LSIL 35 months old Asymptomatic 33
leukoplakia, female
vaginal warts
29 Asymptomatic 31 Inflammatory changes 18 months old Asymptomatic N/A
female
28 Asymptomatic 66 ASC-H 4 months old male | Asymptomatic N/A
41 Asymptomatic 52 ASC-US 15 months old male | Asymptomatic N/A
21 Vaginal and 6,52, 62, Inflammatory changes | 1 month old female | Asymptomatic N/A
labial warts 66, 82, 83
27 Asymptomatic 11, 83 Normal 4 months old male | Asymptomatic N/A
33 Labial warts 40, 44, 58, 61, Squamous epithelial 11 months old male | Asymptomatic N/A
62, 68, 83 cells without atypia,
no encocervical cells
34 History 18 Squamous epithelial 42 months old male | Asymptomatic N/A
of labial cells without atypia,
and cervical no encocervical cells
warts removal
34 Asymptomatic 16 ASC-US 40 months old Asymptomatic N/A
female
30 Asymptomatic 35 Normal 1 month old female | Asymptomatic N/A

*HR-HPV (high-risk HPV) genotypes are marked in bold.

LSIL - low-grade dysplasia, ASC-US — atypical squamous cells of undetermined significance, ASC-H — atypical squamous cell, cannot exclude high-grade lesion,

N/A - not applicable
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Table 2. Clinical and cytological findings of HIV/HPV co-infected mothers

Outcome/finding n/N % 95% Cl (Wilson)
Clinical manifestations
Genital warts 3/12 25.0 8.9-53.2
Leukoplakia of the cervix 1/12 8.3 1.5-35.4
History of genital wart excision 1/12 8.3 1.5-35.4
No clinical signs of HPV infection 7/12 58.3 32.0-80.7
Cytological findings
Inflammatory changes 2/12 16.7 4.7-44.8
LSIL 3/12 25.0 8.9-53.2
ASC-US 2/12 16.7 4.7-44.8
ASC-H 1/12 8.3 1.5-35.4
Non-diagnostic smear 2/12 16.7 4.7-44.8
Normal cytology 2/12 16.7 4.7-44.8

LSIL — low-grade dysplasia, ASC-US — atypical squamous cells of undetermined significance, ASC-H — atypical squamous cell, cannot exclude high-grade lesion

Table 3. Comparison of HPV-positive and HPV-negative HEU
children

HPV-positive | HPV-negative
HEU children, | HEU children,
n=3 n =27
Child
Age, median 40 months 16 months
Females, n (%) 1/3 (33.3%) | 12/27 (44.4%)

Living conditions
Bedsharing, n (%) 0/3
1/3 (33.3%)

4/27 (14.8%)
7/27 (25.9%)

Overcrowding, n (%)
(> 2 persons/room)

Persons/room, average 2.1 2.1
Mother
Any type of HPV present | 3/3 (100%) 9/27 (33.3%)

HR-HPV present
Multiple HPV infections
present

HR-HPV - high-risk HPV, HEU — HIV-exposed, uninfected

3/3 (100%)
3/3 (100%)

8/27 (29.6%)
3/27 (11.1%)

Cohen’s x was low (k = 0.17), consistent with the predomi-
nance of concordant negative results. At least one shared HPV
genotype (any type concordance) and complete child-to-
mother concordance were each observed in one of three
pairs (33.3%).

None of the children showed clinical signs of respira-
tory or genital HPV infection, suggestive all children were
asymptomatic carriers. In all three HPV-positive cases,
the children slept separately; in one case, the family lived
in overcrowded conditions (seven people, two rooms)
(Table 3).

Among identified infections in children, nonavalent
vaccine-covered genotypes accounted for 75%.

Serological testing

Serological ELISA testing for HPV was negative in all
participants, regardless of PCR findings.

Discussion

A high prevalence (43%) and unfavorable profile of HPV
infections were found among HIV-positive women; 21%
had multiple (2-7) HPV genotypes and 39% carried at least
one HR-HPV type. These results are in line with findings
from other studies on women living with HIV. A systematic
review of data from 2011-2022 involving 10,336 WLWH,
predominantly living in Europe and North America, found
HPYV infection in 37% and HR-HPV in 33.9% of women [1].
Among HR-HPV-positive women, cytological abnormali-
ties, such as ASC-US, LSIL, HSIL, were reported in 3.5%,
9.5%, and 4.2%, respectively. In our study, ASC-US and LSIL
rates were higher and comparable with Indian Chinese and
American populations of WLWH [14-16]. The most com-
mon genotypes (in order: 16, 31, 52, 83) are consistent with
those reported by Clifford et al. [17] in a 2006 meta-analysis
(16, 58, 18, 52, 31, 33). A study by Bardin et al. [18] with
834 healthy women in Warsaw, Poland, reported an over-
all HPV prevalence of 16.6% (24.2% in the 24-35 years age
group). High-risk HPV types were detected in 11.3% of par-
ticipants, while low-risk types were found in 9.8%. Multiple
infections occurred in 4.6% of women. Abnormal cytologi-
cal findings were identified in 4.2% of participants, including
ASC-US (1.2%), LSIL (2.6%), and HSIL (0.4%). In our study,
the high prevalence of multiple infections (50%) and high-
risk genotypes (92%), along with the frequent occurrence
of cytological abnormalities (67%) among HIV/HPV co-
infected mothers, reinforce the importance of existing cer-
vical cancer and HPV infections screening guidelines for
women living with HIV [19, 20].
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Although the difference in HPV DNA prevalence be-
tween HEU children and controls did not reach statistical
significance, the point estimate (10.0%) and its wide 95% CI
indicate that HPV exposure in this population cannot be
excluded, and warrants further investigation in larger co-
horts. Data on HPV prevalence in HEU children are scarce.
Moscicki et al. [21] found HPV in 5/51 (9.8%) anogeni-
tal and 1/52 (1.9%) oral samples among 52 HEU children
living in USA (mean age, 6.2 * 4.8 years), identifying both
high-risk (HR) (16, 52) and low-risk (LR) (6, 42, 84) geno-
types. Another study examining 125 HEU adolescents from
USA (median age, 14.5 years), detected HPV DNA in 1.6%
of oral samples, with no difference in prevalence in compa-
rison with children living with HIV [22]. Coker et al. [23]
compared HPV prevalence in oral samples of HIV-infected
and uninfected mothers from Nigeria (HR: 17% vs. 8%;
LR: 31% vs. 25%), along with their children (mean age,
10 years). Overall HPV prevalence was highest in HIV-
infected children, followed by HIV-unexposed and HEU
groups. However, in terms of HR-HPV, exposed but unin-
fected (HEU) participants showed higher prevalence (33%)
compared with HIV-infected (21%) and unexposed (8%
of HPV DNA-positive findings). Among HEU children,
HPV-16 was the most frequent genotype. This study demon-
strated a strong agreement in HPV detection across mother-
child pairs. In general, these findings suggest that HPV ex-
posure in early childhood among HEU children may not be
uncommon, although estimates remain unclear due to small
sample sizes.

The detection of HPV DNA in HEU children and
the partial genotype concordance observed in mother-child
pairs are compatible with both vertical and early horizon-
tal transmissions. However, the study design does not allow
for a definitive distinction between these routes. All children
were delivered by cesarean section, and several were older
than infants at the time of sampling, making postnatal hori-
zontal exposure plausible. A 2005 meta-analysis by Medeiros
et al. [24] estimated vertical HPV transmission risk rate
of 6.5%. Similar rates were reported in a recent HERITAGE
cohort study (7.2%) [25]. Maternal-child genotype concor-
dance was 85% at birth and 33% after 6-24 months, with
mean infection duration of 3.9 months and horizontal in-
fection incidence of 9.6% between 6 and 24 months [26].
The persistence of HPV infections in healthy children was
documented in several other studies, ranging from 6 weeks
to 26 months, depending on study follow-up period, and cor-
related with maternal HR-HPV persistence [5]. The incom-
plete concordance between genotypes detected in mothers
and their children observed in our study and other reports,
may be attributed to the elimination of the virus from muco-
sal surfaces prior to sample collection or to a latent state with
periodic HPV reactivation [5]. Higher HPV DNA detection
rates have been reported in placental and trophoblastic
tissue of HIV-infected women compared with healthy wom-
en [27]. However, data on vertical HPV transmission, speci-
ficallyamong WLWH and their children, remain insufficient.
The persistence duration and early-life horizontal transmis-
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sion rates of HPV among HEU children are also unknown.
At present, given the limited number of available studies and
the lack of long-term follow-up, the clinical significance of
HPYV infections in prepubertal period remains unclear [28].
Although cellular immune alterations have been reported in
HEU children, an increased incidence of disease manifesta-
tions — such as premalignant or malignant lesions — has not
been demonstrated in HEU children compared with healthy
children to date [6, 8, 29].

HPV vaccination has been shown to be more effective
when administered to younger children prior to HPV ex-
posure associated with sexual debut [30, 31]. This raises the
question of whether broader HPV exposure among HEU
children in early childhood could translate into reduced
vaccine effectiveness when these individuals are vaccinated
in adolescence or adulthood. However, to our knowledge,
there are currently no studies directly evaluating HPV vac-
cine effectiveness specifically in HEU children compared
with healthy peers.

Although serological testing may provide useful insights
into cumulative HPV exposure at the population level, its
value remains limited due to low seroconversion rates and
methodological variability across research [32]. In the cur-
rent study, serological testing for HPV was negative in all
participants, irrespective of HPV DNA status. This finding
was expected, since previous studies demonstrated low sero-
conversion rates following natural HPV infection, particu-
larly among women living with HIV [33]. Moreover, ELISA
assay used in the study targets antibodies against only four
HPV genotypes (6, 11, 16, and 18), limiting its ability to
capture immune responses to other circulating types. Also,
other studies reported relatively low sensitivity of HPV
VLPs ELISA tests [13], further supporting the limited utility
of HPV serology for individual-level diagnosis or exposure
assessment in this population.

The high prevalence and unfavorable profile of HPV
infections among women living with HIV (WLWH), charac-
terized by multiple co-infections and predominance of high-
risk (HR) HPV genotypes, contribute to the substantial HPV
exposure of their youngsters. In these children, vertical and
horizontal transmissions in early life represent the main
sources of HPV infection during the pre-pubertal period.

The limited number of studies investigating HPV infec-
tions in pre-pubertal HEU children, which differ in metho-
dology (e.g., sampling from anogenital or oral sites) and
geographic origin of participants, along with the consider-
able variability of reported findings and high proportion of
HR-HPV genotypes (100% in the present study), under-
scores the need for further standardized research in this
field.

Potential strategies to address the increased HPV expo-
sure among HEU and HIV-infected children, may include
extending HPV vaccination programs to younger age groups,
and evaluating the inclusion of additional HPV genotypes in
vaccines based on epidemiological data. However, the most
effective and currently feasible approach to protecting chil-
dren remains the vaccination of WLWH. In a report by
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Krankowska et al. [1], based on a substantial WLWH cohort,
the HPV vaccination rate was found to be extremely low
(5.6%). Furthermore, the overall HPV vaccination coverage
among Polish adolescents (17.04% as of February 2026) re-
mains below the target level [34]. As demonstrated in our
study, the high proportion of vaccine-covered genotypes
emphasizes the potential benefits of vaccination for both
mothers and their children. The indirect benefit of reduc-
ing children’s HPV exposure through maternal vaccination,
provides an additional argument in favor of promoting HPV
immunization among women living with HIV.

A major strength of this study is its focus on a largely
unexplored topic, i.e., HPV infections in pre-pubertal chil-
dren exposed to, but uninfected with HIV, while also con-
sidering the prevalence and genotype profile of HPV infec-
tions in their mothers. The primary limitation of the study
is the small sample size, which reduced the statistical power
of the findings and limited the ability to analyze potential
risk factors for HPV infection. Another limitation pertains
to the cross-sectional nature of the study is based on a one-
time HPV DNA testing and applied PCR method, which
detects the presence of HPV DNA regardless of the virus’s
replicative activity. and only genital area swab collection,
which may present limited sensitivity comparing to mul-
tiple sites swabs collection. A longitudinal follow-up with
repeated HPV DNA testing at predefined time intervals,
conducted in a larger cohort stratified by age groups and in-
corporating swabs from multiple anatomical sites (including
both the oral cavity and the anogenital region), would allow
for a more accurate assessment of the sources, prevalence,
and persistence of HPV infections among HEU children.
Concurrent HPV testing of the children’s fathers could also
provide valuable insights for interpreting HPV risk among
HEU children.

Conclusions

In the studied group of women living with HIV, a high
prevalence and unfavorable profile of HPV infections were
observed, characterized by multiple infections and the pre-
dominance of genotypes with high oncogenic potential,
supporting the existing cervical cancer and HPV infections
screening guidelines for women living with HIV.

Among HIV-exposed, uninfected (HEU) children, HPV
infection was detected in 10% of cases, with high-risk types
predominating; although our study design did not allow for
a definitive determination of the route of transmission.

These findings highlight the need for larger, longitudinal
studies to better characterize HPV epidemiology in HEU
children and to inform preventive strategies, including vac-
cination policies.
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