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Abstract

HPV35 has been found in only ~2% of invasive cervical cancers (ICC) worldwide but up

to 10% in Sub-Saharan Africa, warranting further investigation and consideration of impact

on preventive strategies. We studied HPV35 and ethnicity, in relation to the known steps in
cervical carcinogenesis, using multiple large epidemiologic studies in the U.S. and internationally.
Combining five U.S. studies, we measured HPV35 positivity and, in Northern California, observed
HPV35 type-specific population prevalence and estimated 5-year risk of developing precancer
when HPV35-positive. HPV35 genetic variation was examined for differences in carcinogenicity
in 1053 HPV35+ cervical specimens from a U.S. cohort and an international collection. African-
American women had more HPV35 (12.1% vs 5.1%, £<.001) and more HPV35-associated
precancers (7.4% vs 2.1%, P< .001) compared to other ethnicities. Precancer risks after HPV35
infection did not vary by ethnicity (global A= .52). The HPV35 A2 sublineage showed an
increased association with precancer/cancer in African-Americans (OR = 5.6 vs Al, 95% CI =
1.3-24.8) and A2 was more prevalent among ICC in Africa than other world regions (41.9% vs
10.4%, P< .01). Our analyses support a strong link between HPV35 and cervical carcinogenesis in
women of African ancestry. Current HPV vaccines cover the majority of cervical precancer/cancer
across all ethnic groups; additional analyses are required to determine whether the addition of
HPV35 to the already highly effective nine-valent HPV vaccine would provide better protection
for women in Africa or of African ancestry.

Keywords
African ancestry women; cervical cancer; epidemiology; genetics; HPV35

1| INTRODUCTION

Persistent infection with 13 oncogenic types of human papillomavirus (HPV) is the
established cause of nearly all invasive cervical cancers (ICC).1-2 While all oncogenic HPV
types can cause cervical cancer, they are heterogeneous in prevalence and cancer risk.

For example, HPV type 16 (HPV16) is the most common carcinogenic type accounting

for ~60% of ICC whereas HPV35, which is genetically the closest related to HPV 16,
causes ~2% of ICC worldwide, 13 that is, ~10 000 cases annually.* Studies have identified
variations in the prevalence of oncogenic HPV types among the general population as well
as among cervical precancers/cancers across world regions® and by ethnicity, including the
u.s.6?

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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Interestingly, HPV/35 has increased prevalence in certain countries of Sub-Saharan Africa.10
Specifically, HPV/35 is more common among precancerous lesions!:12 and corresponds to
a higher fraction of ICC (4%-10%),>10:12-14 compared to other regions.1® Studies in the
U.S. suggest that, among women with prevalent infection and cervical precancer, African-
American women have decreased HPV16 and increased HPV35, compared to other ethnic
groups.8:":2 This increase of HPV/35 has not been thoroughly investigated among invasive
cancers in African-American women.5.7:15

Variations in HPV35 carcinogenicity could have implications for cervical cancer prevention
among women of African ancestry. The next-generation HPV vaccine covers seven
oncogenic HPV types (HPV16, HPV18, HPV31, HPV33, HPV45, HPV52 and HPV/58),16
yet, if HPV35 has greater importance among women of African ancestry, adding HPV35 to
the vaccine might further improve vaccine effectiveness in African populations.

It is unclear why HPV35 is more prevalent, and perhaps carcinogenic, among women of
African ancestry, particularly Sub-Saharan African countries. This variation could reflect
the distribution of evolutionary-derived HPV35 variant lineages associated with distinct
populations. This has been observed for HPV16.17.18 HPV/35 has less known evolutionary
genetic variation (ie, lineages) than most other oncogenic HPV types, with only a single
main lineage and two sublineages, Al and A2, as previously reported.® We know very
little about the relationship between HPV35 genetic variation and risk of cervical precancer/
cancer, and virtually nothing about whether HPV35 carcinogenicity matches a woman’s
ethnicity.20

Here we evaluate ethnic variations in the epidemiology of HPV35 and cervical precancer/
cancer in five U.S. studies. In addition, to amassing the largest HPV35 study to date, we
whole-genome sequenced 1053 HPV35-positive cervical specimens, collected within the
U.S. and internationally, to determine whether HPV35 genetic variation is differentially
associated with carcinogenicity among human populations.

2| METHODS
2.1| Study populations

This manuscript describes a series of analyses performed in six study populations that have
been previously described (National Cancer Institute [NCI], Kaiser Permanente Northern
California [KPNC], HPV Persistence and Progression [PaP] Cohort, the International
Agency for Research on Cancer (IARC) collection and other NCI cohort studies).21-26

For the PaP cohort, the KPNC institutional review board (IRB) approved use of the data,
and the National Institutes of Health Office of Human Subjects Research deemed our study
exempt from IRB review. For all other NCI studies, local and National Cancer Institute IRBs
approved the studies. For the IARC collection, both local and IARC ethical committees
approved our study. We examined HPV35 prevalence, risk of cervical precancer given
HPV35 infection, pooled HPV35 type attribution in cases, and the HPV35 genome. Details
of study populations and sample collection are in the Data Supplement: Study Population
and Figure S1.

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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HPV35 whole-genome sequencing and lineage assignment

We HPV whole-genome sequenced 1053 HPV35-positive specimens from the PaP Cohort
(n =608) and IARC hiobank (n = 445; Figure S1) using an in-house designed primer
panel and the lon Torrent platform. Our bioinformatics pipeline was also developed in-
house and can be accessed at https://github.com/cgrlab/cgrHPV35. Phylogenetic analyses
identified sublineages Al and A2, as well as a new lineage (named here as B). Mean
nucleotide divergence between Al and A2 was 0.40% (+0.05%) (~30 nucleotide), and

the new B lineage differed by 0.78% (+£0.08%) and 0.74 (x0.08) from Al and A2,
respectively. To show the relationship between lineages and sublineages, we created a tree
with representative HPV35 sequences and used HPV31 as the outgroup to root the tree
(Figure 1A).

Statistical analyses

2.3.1| Prevalence and risks associated with HPV35 infections in the PaP
Cohort—To minimize epidemiologic bias, among 43 205 oncogenic HPV-positive women,
we excluded 11 360 women under age 30 and over age 64 at their first cotest, since

routine cotesting was not recommended at KPNC at those ages (Figure S1). Women without
follow-up (2 or more screening visits or first screening visit that led to histology), prior
hysterectomy or high-grade disease were also excluded (n = 3262). Self-assigned ethnicity
was obtained from the KPNC cancer registry, mortality files, electronic medical records and
previous large study databases. Among the remaining 28 583 women testing HPV-positive,
1728 (6.0%) were excluded because ethnicity information was unavailable; these women did
not differ from other women by enrollment cytology or HPV type but they were slightly
younger (mean 39.5 vs 41.4 years, £<.001) and less likely to have cervical intraepithelial
neoplasia (CIN) grade 3 or worse (CIN3+) histology (3.2% vs 8.6%, £ < .001). Ethnicity
was reported separately. If women self-reported their ethnicity as Hispanic, they were
classified as Hispanic. Women not classified as Hispanic were assigned according to their
reported ethnicity: White, Black (includes African-American, and referred to in this article
as African-American), Asian (includes Hawaiian/Pacific Islander) or other (includes when
multiple etnics were selected). Women categorized as other were excluded from the analyses
(n =305, 1.1%).

To better represent the entire KPNC Guidelines Cohort testing HPV-positive, weights were
applied based upon the sampling probability of a woman being selected for typing (~0.8

for cases vs ~0.3 for controls). The prevalence of HPV35 was compared by ethnicity.
Cumulative risks of CIN3+ in the 5 years from time of HPV testing were estimated for

each ethnic group among women with HPV35 (regardless of multiple HPV-coinfections).
Cumulative 5-year risks of CIN3+ were estimated by jointly fitting a logistic regression
model to CIN3+ present at baseline and a proportional hazards model for interval-censored
incident CIN3+; joint estimation of the models allowed for the possibility that some CIN3+
diagnosed in follow-up among women not referred to immediate colposcopy were present at
the baseline visit.2” Wald-test assessed heterogeneity between estimates. The analyses in this
section were performed with R version 3.4.4.

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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2.3.2| HPV35 infections among cervical precancer and cancer cases in NCI
studies—Among precancer/cancer, we evaluated the presence of oncogenic HPV types at
the visit concurrent with or immediately preceding the diagnostic visit. For women with
both single and multiple infections, we stratified cases by study, case subcategory (CIN
grade 2 [CINZ2], CIN3/AIS and cancer), and ethnic group. Within each stratified analysis
of disease and ethnicity, we ranked the frequency of each oncogenic HPV type. For each
woman with HPV35, her HPV35 infection was classified using a hierarchical attribution
model?8 as either: (1) “single HPV35 infection” due to single infection with no other
concurrent oncogenic HPV, (2) “HPV35 co-infection, most prevalent” due to positivity
with another oncogenic HPV infection that ranked less prevalent within her strata of study,
disease and ethnicity (eg, a CIN3 showing HPV35 coinfection with HPV68 or HPV59)

or (3) “HPV35 co-infection, less prevalent” due to positivity with another oncogenic HPV
infection that ranked more prevalent within her strata of study, disease and ethnicity (ie,
HPV35 coinfection with HPV16 or HPV52). The frequency of these three categories of
HPV35 infections was compared across ethnic groups. All 95% confidence intervals (CI)
and statistical tests in this section were performed with STATA version 14 software.

2.3.3| HPV35 genomic variation associated with cervical precancer/cancer—
In the PaP Cohort, after HPV-genotyping, a subset of 608 HPV/35-positive specimens (all
274 HPV35 CIN2+ cases and 334 of 363 randomly chosen benign HPV35 infections with
CIN grade 1 or less [<CIN1]), were selected for HPV35 whole-genome sequencing, with
no restrictions on age or other HPV co-infections (Figure S1). Self-assigned ethnicity was
used as a proxy for a women’s genetic background. Odds ratio (OR) and 95% Cls were
calculated for CIN2+/CIN3+, using the controls (<CIN1) as the referent group. Wald-test
assessed heterogeneity between ORs. Associations of individual SNPs with CIN2+/CIN3+,
by ethnicity, were performed using logistic regression. The significance level of SNP
associations was corrected for multiple comparisons using a false discovery rate (FDR),
based on the number of polymorphic nucleotides with a minor allele frequency (MAF)
>0.03.

In the IARC specimens, the distribution of HPV35 sublineages was compared between
Africa and all other regions using Fisher’s exact and Chi-square tests. For this analysis,
samples from Sub-Saharan Africa were considered “Africa” and samples from ethnically
more diverse North Africa were included with the other world regions. We focused on
the case series and did not perform formal case-control analyses because case and control
samples were unevenly collected by site/region (Table S1).

Fifty-eight samples (5.5%) were excluded from these analyses due to an uncertain HPV35
sublineage as a result of poor read depth and or poor/spotty coverage across the genome
(2.5%) or due to coinfection of >1 HPV35 lineage for which a predominant lineage could
not be assigned (3.0%). Because of the predominant etiologic role of HPV16, the summary
genetic analyses presented exclude 74 samples from the PaP Cohort and 46 samples from
the IARC collection that were concurrently HPV16-positive. For the PaP Cohort, 33 women
were excluded since they were self-identified as multiethnic or did not report ethnicity,

and one woman with the B lineage was excluded from the association analyses. For the
IARC cohort, 17 samples with B lineage and 4 samples with unknown histology were not

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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considered in the analysis. These exclusions restricted our analysis to 478 HPV35-positive
specimens from the PaP Cohort and 342 specimens from the IARC collection (Figure S1).
Statistical analyses in this last section were performed with R version 3.4.4 and SPSS
version 23 software.

3| RESULTS

3.1| HPV35 prevalence and associated risks in the PaP Cohort

Among 27 402 HPV-positive women, age 30 to 64, of the PaP Cohort, 8230 had HPV35
genotyping information (Table 1; Figure S1). African-American women were more likely to
have HPV35 (12.1% vs 5.1% among other women, A< .001). Among women with HPV35,
the 5-year CIN3+ risks for African-American women were lower than other women but not
significantly different (5.2% vs 10.2% among other women, P=.7; Table 2). Findings were
similar for CIN2+ risks and for single HPV35 infections.

3.2| HPV35 among precancer and cancer cases from NCI studies

The HPV35 prevalence in CIN2+ cases from five pooled NCI studies varied by ethnicity
(Figure 2; Table S2). Among CIN3 cases, African-American women were more likely to
have a “single HPV35” infection (5.5% vs 1.9%, £< .001). The combined prevalence of
both “single HPV35 infections” and “HPV35 co-infections, less prevalent” was also higher
among African-American women (7.4% vs 2.1%, P< .001). Findings were similar for CIN2
cases. Few ICC among African-American women (n = 32) resulted in limited statistical
power to compare HPV35 infections.

3.3| Genomics of HPV35 in PaP Cohort nested case-control study

Based on the elevated HPV35 prevalence and positivity in precancers diagnosed in
African-American women, we designed a nested case-control analysis within the PaP
Cohort to assess whether HPV35 genetic variation (ie, lineages/sublineages and individual
SNPs) is associated with cervical precancer/cancer and if a woman’s ethnicity modify
these associations. We observed that finer classifications of HPV35 based on genetic
variation across the viral whole-genome, defined here as sublineages (ie, Al and A2) were
differentially distributed by ethnicity for precancer cases (P < .001 for CIN2+ and CIN3+)
but not for controls (P=.7; Table 3).

The A2 sublineage was significantly associated with CIN3+ among African-American
women (OR = 5.6, 95% CI = 1.3-24.8; Table 3), but not among all other ethnic groups
combined (OR = 0.5, 95% CI = 0.2-1.4; Figure S2). For CIN2+, the A2 association was
weaker and not statistically significant among African-American women (OR = 1.5, 95%
Cl = 0.5-3.8). Wald-test confirmed differences between ORs. Interestingly, among women
with A2, African-American ethnicity was associated with CIN2+ (OR = 3.6 vs among

other women, 95% CI = 1.2-11.0) and suggestively associated with CIN3+ (OR = 3.3 vs
among other women, 95% CI = 0.8-13.8; Table S3). Conversely, among women with the Al
sublineage, African-American ethnicity was inversely associated with CIN3+ (OR = 0.3 vs
among other women, 95% CI = 0.11-0.91; Table S3).

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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Despite the low genetic diversity of HPV35, we were able to pinpoint SNPs associated with
CIN3+ among African-American women from 490 polymorphic sites across the HPV35
genome. Twelve individual SNPs were associated with CIN3+ (ORs ranged from 15 to

31) only in African-American women, compared to other nucleotides at the same genomic
position, including one SNP mapped to the E7 oncogene (position 748, OR = 6.4, 95% CI =
1.1-35.6) (Figure 1B; Table S4). In contrast, six individual SNPs were inversely associated
with CIN3+ in African-Americans. Of note, these 18 SNPs are not the A1/A2 lineage
defining SNPs previously reported.2°

Interestingly, when considering the 12 individual SNPs associated with CIN3+ among
African-Americans, women usually had a combination of these SNPs (ie, they had 2-11 of
these SNPs together, and one was independent [Table S4]). The African-American women
with two or more of these 12 individual SNPs were always assigned to the A2 sublineage,
and the African-American women with two or more of these individual SNPs were strongly
associated with increased CIN3+ (OR = 68.8, 95% CI = 6.4-739.0, data not shown).

3.4 | Worldwide distribution of HPV35 variation

To assess if HPV35 genetic variation (ie, lineages/sublineages) also varied in prevalence
across the globe, we investigated HPV35-positive IARC specimens collected from different
worldwide regions. The distribution of A1 and A2 were similar for cases and controls for
women outside of Africa as well as women in Africa (Table 4). When comparing Africa to
all other geographic regions, the A2 sublineage was responsible for a higher proportion of
ICC in Africa (41.9% vs 10.4% from all other regions, Chi-square £< .01) and high-grade
lesions (42.9% vs 6.3% from all other regions, Fisher’s exact = .03; Table 4). Similar
results were observed among benign infections from Africa (54.1% vs 5.1% from all other
regions, Chi-square £<.0001). The Al sublineage was significantly more frequent than
A2 in non-African world regions for ICC (89.6% vs 10.4%), high-grade lesions (93.8% vs
6.3%) and benign infection (94.9% vs 5.1%, respectively). The new B lineage was uniquely
found in Asia, particularly in Bhutan and India (Table S1).

4| DISCUSSION

Through a series of cross-sectional and longitudinal studies and a comprehensive HPV35
genomic approach, we detected a higher prevalence of HPV35 among precancer and
elevated etiologic importance of the HPV35 A2 sublineage in women of African ancestry in
the U.S.

First, we showed that as a result of higher HPV35 prevalence, and not risk (the 5-year
CIN3+ risk associated with an HPV35 was similar by ethnicity), HPV35 (including single
HPV35 infections) was more common in cervical precancer cases among African-American
women (5.0% vs 1.9% in other ethnic groups). Similar to other U.S. studies,® the proportion
of HPV35 in cervical cancers did not differ by ethnicity, perhaps due to few cases. Our
findings coincide with the global observation that HPV35 is of greater importance for
cervical cancer among women of African ancestry.>12.13.29 The observed ethnic variations
of HPV35 epidemiology should be placed in a larger context of other oncogenic HPV
types. For all ethnic groups, HPV16 and HPV18 are associated with the majority of cervical

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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precancers and cancers and the current 9-valent HPV vaccine has been reported to prevent
80% of HPV-positive cervical precancers and cancers in the U.S.6:30 We observed that for
women with CIN2 or CIN3 and HPV35 infection, African-American women had a greater
percentage of coinfections compared with other ethnic groups, following a similar pattern
observed in a global comparison of cervical cancers from Africa vs other world regions.3!
We could not confirm this trend for cervical cancers.

Second, we refined our investigation of this association between HPV35 and African
ancestry by whole genome sequencing 1053 HPV35-positive specimens from the U.S. and
around the world and found that the genetic variation of HPV35, in particular the A2
sublineage and related SNPs, was associated with precancer/cancer in African-American
women and corresponded to a large proportion of ICC in Africa.

In the U.S., the A2 sublineage was strongly associated with cervical precancers among
African-American women, whereas the A1l sublineage was associated with cervical
precancer among White women. African-American women had a 10-fold significant
increase in CIN3+ if infected with A2 compared to White women (OR = 10.0, 95% CI =
1.0-97.5; data not shown). Of note, in the PaP Cohort, the absolute prevalence of A2 among
all CIN2+ cases was 0.6%, and 3.7% among CIN2+ cases in African-American women.
This is an example of an epidemiologic observation (eg, higher prevalence of HPV35 among
precancers in African-American compared to other ethnic groups) being strengthened by
specificity of association.32 The relationship between the A2 sublineage and women of
African ancestry shown here (ie, increased CIN3+ associations) could be a consequence of
thousands of years of virus-host interactions where certain lineages of HPV35 became better
adapted and able to persist in these women. However, a likely explanation is that a genetic
bottleneck due to the different out-of-Africa events and/or gene introgression events from
archaic human populations may have rendered modern humans of non-African ancestry less
susceptible to infection and/or progression with HPV35, and specifically the A2 sublineage.
HPV16 and HPV18 sublineages have also been associated with cervical precancer/cancer in
certain ethnic groups.17:33 A viral-host interaction has been posited for HPV16, where both
modern-human migration and reproductive events, with introgression of immune related
alleles, confer a host niche adaptation potentially influencing phenotype such as cervical
cancer.34:35

Globally, the A2 sublineage was more prevalent in ICC, as well as in benign infections, in
Africa compared with other world regions where its prevalence was 2.6 times lower. One
potential explanation is that A2 is better adapted to persist in women of African populations
and the increased prevalence is due to ancient geographic isolation. In contrast, in the U.S.,
A2 was equally prevalent among controls for all ethnic groups probably related to recent
ethnic admixture in the U.S., that could allow A2 to circulate easier among women from
various ethnic groups. Nevertheless, A2 was more prevalent among precancers/cancers in
African-American women, resulting in increased risk associated with A2 in this population.
It is also possible that the increased A2 among benign infections in Sub-Saharan Africa
could be linked to the high prevalence of HIV infection in this region. Two studies in Africa
showed that HPV35 was more prevalent among HIV + compared to HIV-negative women in

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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both cases and controls.10:36 Further investigation into HPV/35 genetic variation, geographic
dispersion is needed.

Our HPV whole-genome sequencing approach identified a new HPV35 B lineage, highly
prevalent in India and attributed to 43.0% of ICC in South Asia. The HPV35 B lineage
warrants further study to evaluate its potential regional importance among women of South
Asian ancestry.

We pinpointed SNPs associated with precancer/cancer among African-American women.
One mapped to the E7 ORF at position 748 and was associated with CIN3+ only in
African-American women. This DNA change (C>T) and trinucleotide motif are consistent
with potentially being induced by the antiviral enzymatic activity of APOBECS (ie, the 3-bp
motif 5" TCW3]"), a host’s intracellular immune response activated upon HPV infection.3’
Due to the importance of E7 as an oncogene, future studies are needed to clarify the
potential function of this variant.

We could not assess directly the association of HPV35 and invasive cancers in the U.S.

due to small numbers; therefore, we studied precancerous lesions as the surrogate endpoint.
Future studies of HPV35 genetic variation (including lineages/sublineages and finer SNPs)
from diverse populations, using a molecular approach based on human genetic markers to
more precisely define ancestry, are needed to understand the geographic dispersion of these
sublineages with important risk differences in African ancestry populations.

In conclusion, our large epidemiologic analyses confirmed the importance of HPV35 in

case attribution for cervical precancer among African-American women. Our comprehensive
evaluation of the HPV35 genome allowed us to resolve sublineages and linked SNPs,
providing striking evidence that the A2 sublineage is strongly associated with precancer/
cancer in women of African ancestry, possibly a sign of increased evolutionary fitness in

this host group. Significant differences in the proportion of cervical cancers with HPV35
were not observed, perhaps due to few cancers, but also because other more oncogenic
types, namely HPV16 and HPV18, are associated with the majority of cervical cancers

for all ethnic groups. Considering that vaccination and screening approaches that cover

all of the highest-risk types are needed for optimal global prevention coverage,! further
research is required to consider whether the addition of HPV35 to the next generation

of vaccines would result in a meaningfully broader coverage for women of African

ancestry. Similarly, type-specific HPV screening tests might be improved by recognizing

the increased importance of HPV35 in women of African ancestry. If the growing body of
evidence remains consistent, prevention programs, especially those in populations without
quality screening, should consider how the addition of HPV35 to HPV vaccines would result
in improved cervical cancer prevention, particularly in Africa, where the burden of cervical
cancer is the highest in the world.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IARC International Agency for Research on Cancer
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MAF minor allele frequency

NCI National Cancer Institute

OR odds ratio

PaP persistence and progression
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What’s new?

HPV35 accounts for 2% of invasive cervical cancers worldwide, but possibly as much

as 10% in sub-Saharan Africa. These authors found that African-American women had
higher rates of HPV35 infection, and more precancers associated with HPV35, than
women of other ethnicities. However, precancer risk by HPV35 status did not vary

by ethnicity. Genetic testing uncovered an association between precancer and the A2
sublineage of HPV35 within Africa and among African-American women in the US.
Additionally, particular HPV35 SNPs, including one in the E7 oncogene, were associated
with precancer or cancer. Recognizing the importance of HPV35 in women of African
ancestry could help improve HPV screening tests or vaccines.
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FIGURE 1.
Phylogenetic tree illustrating HPV35 lineages, and individual SNPs across the HPV35

genome associated with CIN3+ in African-American women. A, HPV35 complete genome
tree topology. The maximum likelihood (ML) tree was constructed using RAXML from a
global alignment of complete HPV35 genome nucleotide sequences from the Persistence
and Progression (PaP) Cohort and IARC samples, as well as reference sequences,
bootstrap support values equal to or higher than 50 are shown on or near branches. HPV31
was used as an outgroup taxon to root the tree (not shown). Distinct variant lineages (ie,
termed A and B) and sublineages (eg, termed Al and A2) were inferred from the tree
topology. The bar indicates the nucleotide substitutions per unit change (ie, 0.001) per site.
B, SNPs significantly associated with CIN3+ among African-American women in the PaP
Cohort. Odds ratios (OR) are shown on the y-axis and HPV35 genome positions by viral
gene regions are shown on the x-axis. Circles represent variants significantly (P < .05)
associated with CIN3+ compared to other nucleotide at the same genomic position. For
details, see Table S4
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FIGURE 2.

Prevalence of HPV35 among CIN2, CIN3 and cancer cases testing positive for carcinogenic
HPV from 5 studies. CIN2, cervical intraepithelial neoplasia (CIN) grade 2; CIN3, CIN
grade 3; WH, White; HIS, Hispanic; AS, Asian; AA, African-American. n, number of
women with tested specimens. Among CIN2 and CIN3 cases, African-American women
were more likely to have a “single HPV35 infection” (13.0% vs 3.5%, £ < .001 for CIN2
and 5.5% vs 1.9%, £ < .001 for CIN3) and both a “single HPV35 infection” and “HPV35
co-infection, most prevalent” (18.7% vs 4.2%, P< .001 for CIN2 and 7.4% vs 2.1%, P
<.001 for CIN3). Differences were not statistically significant for cancers (P=.1). The
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number of cases from the studies presented in Table S5 and percent with 95% confidence
intervals are presented in Table S2

Int J Cancer. Author manuscript; available in PMC 2024 May 13.
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