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A B S T R A C T

Background: Anal precancers and cancers can be detected during screening with high-resolution anoscopy
(HRA). The sensitivity of HRA depends on the burden and duration of human papillomavirus (HPV) among those
screened as well as anoscopist proficiency, which is highly correlated with prior screening experience. Our
objective was to compare the identification and type of HPV and the likelihood of HRA-detected precancer for
men who have sex with men (MSM) undergoing their first HRA-screening in Nigeria.
Methods: MSM were recruited from an HIV test-and-treat cohort, TRUST/RV368, into a new anal cancer
screening program. Anal swabs obtained during screening underwent Ion Torrent next-generation sequencing
using barcoded HPV PCR broad-spectrum primers 5+/6+ to detect up to 161 HPVs. All high-risk (HR) HPVs
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Next-generation sequencing and the most abundant low-risk (LR)-HPVs were evaluated as type-specific infections with some categorized as
belonging to a multiple infection. HRA screening results included benign, low-grade squamous intraepithelial
lesions (LSIL), or HSIL as detected by cytology or histology. Multivariable logistic regression was used to assess
the association of HPV and other cofactors with any SIL.
Results: Among 342 MSM, 60% were HIV-infected, 89% were under 35 years of age, and 51% had 8 or more
years since anal coital debut. Of those with SIL, 89% had LSIL and only 11% had HSIL. Prevalence of any HPV
and high-risk (HR)-HPV was 92% and 74%, respectively. The most prevalent genotypes in rank order were HPV6
(31%), HPV16 (23%), HPV42 (20%), HPV11 (18%), HPV45 (18%), and HPV51 (17%). For multiple HR-HPVs,
31% had a single HR-HPV, 32% had 2-3, and 10% had 4 or more. Low-risk HPVs, type 6 and/or 11, were
common (42%) and were significantly associated with SIL (adjusted odds ratio [aOR]:1.8, 95% confidence in-
terval [CI]: 1.1–3.1) together with perianal warts (aOR:6.7, 95% CI: 3.3–13.5). In contrast, HR-HPV and multiple
HR-HPVs were not significantly associated with SIL (all p > 0.05).
Conclusions: Detection of HSIL was low. Although HR-HPV was abundant, HSIL development also depends on
the duration of HR-HPV infections and the anoscopist's level of experience. As our cohort ages and the anoscopist
becomes more skilled, detection of HSIL will likely improve.

1. Introduction

HIV-infected men who have sex with men (MSM) are at higher risk
of developing human papillomavirus (HPV)-associated malignancies
including high-grade squamous intraepithelial lesions (HSILs) and anal
cancer as compared to HIV-uninfected MSM [1]. For HIV-infected MSM,
HSIL prevalence ranges from 20 to 40% in high-income countries with
established HRA clinics and approximately 2% of HSIL progress to in-
vasive anal cancer in 5 years [2–7]. Oncogenic progression is highest
for those with persistent high-risk HPV16. HPV16 is the most prevalent
(75–82%) in the anal canal and the single most common genotype
(59–76%) detected in anal cancer biopsy specimens from men and
women in high-income countries [8–10].

HIV contributes to the persistence of multiple HPV infections
[11–13]. For older American MSM with controlled HIV viremia, de-
tection of multiple high-risk [HR]-HPV types significantly increased
with severity of precancerous lesions (Benign: 31%, LSIL-anal in-
traepithelial neoplasia [AIN]1: 46%, HSIL-AIN2: 64%, HSIL-AIN3:76%)
[14]. Multiple HPVs were more likely to be detected in anal cancer
biopsies from HIV-infected as compared to HIV-uninfected (42% vs
10%, respectively) [15]. Furthermore, non-16/18 oncogenic HPVs were
3-fold more prevalent in anal cancers in these individuals [15]. For a
small proportion of anal cancers, HPV 6 or 11 were the sole types de-
tected, reinforcing that low-risk types still carry a risk of oncogenic
progression [14,16]. Because HIV may facilitate increased persistence
of a variety of HPVs, co-infection with multiple types increases the risk
of developing anal precancer and cancer.

High-resolution anoscopy (HRA) is currently the gold standard for
detection of precancer and cancer in the anal canal, but the procedure is
challenging and hence there is a high likelihood of under-detection of
lesions for an anocopist-in-training [30]. Detectability depends on the
size, number, and HRA appearance of these HPV-associated lesions as
well as the skill of the anoscopist. The International Anal Neoplasia
Society (IANS) has issued guidelines for monitoring screening profi-
ciency, which focus on the screening practice of the clinic and anos-
copist [17]. IANS also highlights that many of the metrics outlined will
vary depending on the burden of disease in a screened population. For
high-income countries, cytology is used to refer at risk individuals to
HRA. In the absence of referrals, HPV genotyping may inform the
background prevalence of a screened population. HPV genotyping has a
high negative predictive value (87%, 95% CI: 79–93%) capable of in-
dicating who is unlikely to develop precancer [18]. Our objective was
to deduce whether the population prevalence of HR-HPV increased the
likelihood of HRA-detected precancer for Nigerian MSM undergoing
their first HRA-screening.

2. Material and methods

2.1. Study population and sampling

TRUST/RV368 is a cohort of MSM, recruited through respondent-
driven sampling for HIV testing and treatment at MSM-friendly clinics
in Abuja and Lagos, Nigeria [20,21]. Participants who were at least 18
years of age and visiting the Abuja clinic for TRUST/RV368 follow-up
visits were invited and consented to participate in a new anal cancer
screening program. The anal cancer study enrolled 366 men between
December 2016 and August 2017 and provided incentives for transport
and time (Naira 1500 equivalent to USD 4) [19].

Procedures for the anal cancer study have been described previously
[19]. In brief, MSM underwent swabbing for cytology and HPV testing
prior to HRA. Two Copan ESwabs™ (Copan Diagnostic Inc., Murrieta,
CA) were inserted by a doctor approximately 4–6 cm into the anor-
ectum and rotated 360 degrees several times. The first swab was
smeared on a glass slide and fixed in 100% alcohol for cytology. The
second swab was placed in 1mL of liquid Amies and stored at −80 °C
until HPV testing. During HRA, 5% acetic acid and Lugol's iodine were
used to visualize abnormalities and only men with acetowhite lesions
were biopsied and evaluated by histology. Those without acetowhite
lesions were classified as having a benign examination. The more severe
diagnosis by cytology or histology was considered the final screening
result and categorized as benign, low-grade squamous intraepithelial
lesions (LSIL) or HSIL.

MSM who participated in the anal cancer study and had available
anal swabs were included in this cross-sectional study. Demographic
and sexual behavioral data were obtained from the TRUST/RV368 and
anal cancer studies [19–21]. Data for laboratory-diagnosed HIV, rectal
Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT) were ac-
cessed from the TRUST/RV368 study.

This study was approved by the Federal Capital Territory Health
Research Ethics Committee in Nigeria, the Clinical Research Committee
at the University of Maryland Marlene and the Stewart Greenebaum
Comprehensive Cancer Center, and the institutional review boards of
the University of Maryland Baltimore and the University of California
San Francisco.

2.2. HPV extraction and detection

HPV DNA was extracted from 100 μL of Amies transport medium
using the QIAamp MinElute Media Kit (Qiagen, Valencia, CA). DNA was
resuspended in 50 μL of Buffer AVE. Median DNA concentration was
89.9 ng/μl (interquartile range [IQR]: 75.6–111.7 ng/μl). High and
low-risk HPV genotypes were detected from 5 μl of genomic DNA in a
final reaction volume of 25 μl using the BSGP5+/6+ primer set in an
Ion Torrent next-generation sequencing-based HPV genotyping assay
[22,23]. This assay amplifies an approximately 140-bp fragment of the

R.G. Nowak, et al. Papillomavirus Research 10 (2020) 100200

2



L1 consensus region. In brief, all samples were included in the se-
quencing pool at a standardized concentration of 500 pM, as de-
termined by the BioAnalyzer (ThermoFisher, Waltham, MA). Samples
without library product detection by the BioAnalyzer were included in
separate pools at equal volumes. Pooled samples were purified and
quantified for emulsion template preparation on the Qubit 2.0 Fluo-
rometer (Agilent, Santa Clara, CA) and prepared using the Ion Chef
(ThermoFisher, Waltham, MA). Sequencing was performed on the Ion
S5 (ThermoFisher, Waltham, MA) using 400 base pair sequencing
chemistry and 520 chips, with two sequencing runs per initialization.
Quality and consistency of the sequencing runs were determined by
reviewing the loading of ion sphere particles (ISPs) on the chips, the
proportion of ISPs with more than one amplicon (polyclonal reads), and
average read lengths. All assays included appropriate controls for HPV
detection and contamination.

Data processing was performed by the Ion Torrent server. Only
reads> 100 base pairs in length were mapped to the full genomic se-
quences of 161 HPVs downloaded from the Papillomavirus Episteme
(PaVE) database with a minimum score of AQ17. For samples with>
5000 reads, HPV type-specific infections were considered positive if the
number of type-specific reads accounted for more than 1% of the total
number of reads. All samples negative for HPV were analyzed by PCR to
identify the presence of an internal human control target (Isocitrate
Dehydrogenase; IDH1), indicative of amplifiable human cellular DNA.
The IDH assay is a human PCR assay used in the same clinical lab where
the HPV sequencing was performed.

2.3. Statistical analysis

The primary outcome variable for all analyses was a binary cate-
gorization of having any SIL (LSIL or HSIL) because HSIL was an un-
common outcome. The main independent variables were presence of
single and multiple HPVs. All HR-HPVs (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, and 68) and any LR-HPV with at least 10% prevalence in
the study population (6, 11, 42, 54, 67) were evaluated on a type-
specific level. Low-risk (LR) HPVs, type 6 and/or 11, were grouped as
wart-associated HPVs. Binomial models were used to estimate pre-
valence ratios with 95% confidence intervals (CIs) of HPV by HIV
status.

Because HIV infection potentially modifies the detection of HPV and
SIL, all variables were stratified by HIV infection status in order to
systematically decide variable selection for further evaluation with SIL.
Firstly, demographics, sexual behaviors, sexually transmitted infections
(STIs) and HPV genotypes of the study population were described.
Pearson's Chi-square and Fisher's exact tests were used to identify co-
factors and HPV genotypes that were significantly different by HIV.
Next, type-specific and groupings of HPV that differed by HIV status
(p≤ 0.05) were evaluated with SIL (any HPVs, any HR-HPVs, any wart-
HPV, and type-specific infections [16, 35, 39, 45, 51, 58, 6, 11, 42,
67]). Pearson's Chi-square and Fisher's exact tests were used to test
differences in HPV by SIL overall and after stratification by HIV. Next,
HPVs that were significantly associated with SIL overall and after
stratification were evaluated in a final multivariable model with be-
havioral and clinical confounders. Bivariate and multivariable logistic
regression models were used to estimate odds ratios (ORs) with 95% CIs
for the association between LR-HPV 6 and/or 11 and other risk factors
of any SIL. Candidate variables identified in bivariate analyses with HIV
(p < 0.20) (age, years since coital debut, lifetime number of receptive
partners, any receptive anal sex, rectal NG, perianal warts) were en-
tered into the multivariable model using a forward stepwise selection. A
two-sided p-value less than 0.05 was considered statistically significant
and a p-value< 0.10 was considered suggestive of a trend. Significant,
trending, and a priori covariates of SIL based on our prior work [19],
were retained in the final model.

Model fit was evaluated using likelihood ratio tests and through a
calibration plot of 9 bins that compared the agreement of the average

predicted probabilities versus the average observed frequencies. High
agreement is indicated by a slope of 1, a calibration-in-the-large (CITL)
value close to zero, and a concordance index equivalent to area under
the curve (AUC) for a binary outcome. A model with perfect dis-
crimination has an AUC of 1 and one with an AUC of 0.5 predicts no
better than chance. Data were analyzed using Stata Statistical Software,
Release 13 (StataCorp, College Station, TX) and Statistical Analysis
Software (SAS) version 9.4 (SAS Institute, Cary, NC).

3. Results

A total of 364 MSM from HRA screening had available anal swabs,
including 22 (6%) with insufficient cellular material to assess HPV
status. The remaining 342 participants with adequate swab specimens
were included in the present analysis (Table 1). Of these, 89% were
under 35 years of age and 89% were never married. Fifty-one percent
had 8 or more years since anal coital debut, 32% had 11 or more life-
time receptive partners and 81% engaged in receptive anal intercourse
in the past year. Prevalence of rectal STIs (CT and/or NG) was 22% (73/
338) and of the men observed by the physician, 29% had perianal warts
during screening. Sixty percent of the men (204/342) were HIV-in-
fected, with a median CD4(+) count of 456 count/mm3 (IQR: 299–623
count/mm3) and 65% (133/204) with HIV RNA<1000 copies/mL.
Many of the HIV-infected were older and reported more sexual prac-
tices as compared to the HIV-uninfected (Table 1).

Table 1
Characteristics of HIV-infected and HIV-uninfected Men who Have Sex with
Men who Underwent High-Resolution Anoscopy in Abuja, Nigeria.

Total
N=342
n (%)

HIV-infected
N=204
n (%)

HIV-uninfected
N=138
n (%)

P†

Age (years) <0.01
≤24 148 (43.3) 70 (34.3) 78 (56.5)
25–34 156 (45.6) 111 (54.4) 45 (32.6)
≥35 38 (11.1) 23 (11.3) 15 (10.9)

Ever married 0.51
No 302 (89.1) 179 (88.2) 123 (90.4)
Yes 37 (10.9) 24 (11.8) 13 (9.6)

Years since anal coital debut <0.01
≤7 159 (49.1) 82 (42.1) 77 (59.7)
≥8 165 (50.9) 113 (58.0) 52 (40.3)

Lifetime No. of receptive partners <0.01
≤10 227 (68.0) 114 (57.0) 113 (84.3)
≥11 107 (32.0) 86 (43.0) 21 (15.7)

Any receptive anal sex in past year <0.01
No 64 (19.0) 25 (12.4) 39 (28.7)
Yes 273 (81.0) 176 (87.6) 97 (71.3)

Transactional sex in past
year

0.56

No 208 (64.4) 128 (65.6) 80 (62.5)
Yes 115 (35.6) 67 (34.4) 48 (37.5)

Rectal Neisseria gonorrhoeae 0.07
No 291 (85.8) 180 (88.7) 111 (81.6)
Yes 48 (14.2) 23 (11.3) 25 (18.4)

Rectal Chlamydia trachomatis 0.24
No 300 (88.5) 183 (90.2) 117 (86.0)
Yes 39 (11.5) 20 (9.9) 19 (14.0)

Perianal warts <0.01
No 242 (71.0) 128 (62.8) 114 (83.2)
Yes 99 (29.0) 76 (37.3) 23 (16.8)

Anal Cancer Screening Results* <0.01
Benign 146 (42.7) 68 (33.3) 78 (56.5)
LSIL 174 (50.9) 120 (58.8) 54 (39.1)
HSIL 22 (6.4) 16 (7.8) 6 (4.4)

Abbreviations: p, p-value; No., number; LSIL, low-grade squamous in-
traepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.
*Worst diagnosis between cytology or histology.
†Pearson's Chi-square test.
Bold type indicates statistically significant (p < 0.05) differences in behavioral
and clinical characteristics by HIV status.
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Prevalence of any HPV and high-risk (HR)-HPV was 92% and 74%,
respectively. The median and maximum number of genotypes detected
among all participants were 3 and 11, respectively. The most prevalent
HPVs in rank order were HPV6 (31%), HPV16 (23%), HPV42 (20%),
HPV11 (18%), HPV45 (18%), and HPV51 (17%); these percentages of
type-specific infections are not exclusive as a result of multiple co-in-
fected individuals. (Table 2). For multiple HR-HPVs, 31% had a single
HR-HPV, 32% had 2-3, and 10% had 4 or more. Forty-two percent of
participants had either HPV6 or 11, the wart-associated type-specific
HPVs. HIV-infected men were 2-fold more likely to have any or multiple
HPVs detected (Fig. 1).

The overall prevalence of any SIL (LSIL or HSIL) was 57% (196/
342). HSIL comprised only 6% of those screened (11% of the SILs) and
was pooled with LSIL to improve power. The only HPVs significantly
associated with detection of any SIL during anal cancer screening were
the wart-related HPVs, specifically HPV6 (Table 3). These findings were
consistent for the overall sampled population and after stratification by
HIV infection. For the LSIL cases strictly diagnosed by histology, the
pathologist indicated that 78% (102/131) had condyloma/HPV. There
was increased detection of SIL as the number of HPVs increased both
overall and among HIV-uninfected. Detection of SIL was similar re-
gardless of HPV16 infection or increasing numbers of HR-HPV for all
men and after stratification by HIV (all p > 0.05). For HIV-infected
MSM, in whom the majority of HSIL cases were diagnosed, prevalence
of HR-HPVs did not increase with severity of lesions (Supplemental Fig.
A1).

After adjusting for years since anal coital debut, HIV, rectal NG, and
perianal warts, men with wart-related HPVs had a 2-fold increased odds
of SIL detection as compared to those uninfected with HPV6 and/or 11
(adjusted OR [aOR]: 1.8, 95% CI: 1.1–3.1) (Table 4). Perianal warts
were also independently associated with SIL detection (aOR: 6.7, 95%
CI: 3.3–13.5). HIV and more years since anal coital debut trended to-
wards a positive association (aOR: 1.6, 95% CI: 1.0–2.7, aOR: 1.7, 95%
CI: 1.0–2.7, respectively) while rectal NG trended towards an inverse
association (aOR: 0.5, 95% CI: 0.3–1.1) with SIL. Receptive anal sex
was highly correlated with HIV infection and could not be retained in
the final model. Using our final model, the binned predicted prob-
abilities of the binary outcome SIL aligned linearly with the observed
frequencies of SIL (slope=0.991, CITL=0.009, AUC=0.752), sug-
gesting this was a well-calibrated model (Supplemental Fig. B1).

4. Discussion

Our HPV-genotyping findings confirm that many Nigerian MSM
undergoing screening with high-resolution anoscopy especially those
with HIV, were co-infected with HPV16 and multiple HR-HPVs.
Presence of any HPV16, HPV18, or multiple HR-HPVs, even after
stratification by HIV, was not associated with LSIL or HSIL. Prior studies
have shown that the presence of HPV16 and HPV18 increases the
likelihood HSIL will be detected [24,25] and this association is in-
dependent of HIV status [26–28]. In addition, multiple HPV infections
have been linked to increasing severity of SIL [29]. Despite creating a
broad categorization of SIL by pooling LSIL and HSIL, SIL prevalence
was the same in those with many (5–11) HR-HPVs as compared to those
with very few (0–1) HR-HPVs. After stratifying by HIV, SIL detection
did not differ by the number or type of HR-HPVs. Indirectly, not having
a higher prevalence of SIL in those infected with HR-HPV suggests ei-
ther our anoscopist was still relatively inexperienced and/or the HR-
HPV infections did not have sufficient time to develop into lesions [19].

The lesions that were detected by the anoscopist were primarily
LSIL and more abundant among MSM infected with LR-HPV 6 and/or
11. LR-HPV 6 and/or 11 cause 90% of anogenital warts (AGWs) [31,32]
and if biopsied would be diagnosed by a pathologist as LSIL. AGWs can
develop within 2–3 months after HPV infection and remain unchanged,
become larger, or regress [33–35]. Incidence of AGWs peaks for men in
their mid-twenties and transmission of AGWs to an uninfected partner

can be as high as 64% [36,37]. To verify LR-HPV 6 and/or 11 was truly
associated with LSIL independent of previously identified risk factors
such as HIV and perianal warts, we evaluated the performance of our
final model and found the predicted values agreed with the observed
values, suggesting no systematic differences and a good model fit.

During screening, our anoscopist noted a high prevalence of warts in
the anal canal. AGWs are characterized by single or multiple papules
that may draw the attention of a novice anoscopist to biopsy when
learning high-resolution anoscopy (HRA). Nearly 80% of the LSILs de-
tected by our pathologist were further characterized as being con-
dyloma/HPV related. Frequent dialogue between the anoscopist and
the pathologist about lesion characteristics would help any new anos-
copist in the differentiation of SIL associated with HR-HPV versus LR-
HPV and alter biopsy practices [38]. Adding p16 and/or Ki67 im-
munostaining during histology could also help distinguish HSIL from
LSIL [39].

Although AGWs have historically be associated with benign disease,
they should not be readily dismissed. Evidence is mounting that AGWs
are common among those who develop anal cancer [40-42]. Studies
have found AGWs co-infected with HR-HPV [43] and a proportion of
AGWs contain HSIL [39,44-46]. There is no current consensus on
treatment of AGWs [47,48], but if they can be removed without sexual
impairment, then it may diminish further transmission and improve
visualization and detection of HSIL.

This study had some limitations. First, detection of HPV genotypes
was from exfoliated cells of the anal canal and not from biopsies of the
lesions, so the causal relationship between HPV 6 or 11 and LSIL could

Table 2
Prevalence of HPV for HIV-infected and HIV-uninfected Nigerian MSM who
Underwent High-Resolution Anoscopy in Abuja, Nigeria.

HPV genotype Total
n= 342
n (%)

HIV-infected
n= 204
n (%)

HIV-uninfected
n= 138
n (%)

P*

Multiple HPVs <0.01
0 29 (8.5) 2 (1.0) 27 (19.6)
1 38 (11.1) 14 (6.9) 24 (17.4)
2–4 168 (49.1) 101 (49.5) 67 (48.6)
5–11 107 (31.3) 87 (42.7) 20 (14.5)

Multiple High-Risk HPVs <0.01
0 90 (26.3) 29 (14.2) 61 (44.2)
1 106 (31.0) 68 (33.3) 38 (27.5)
2–3 111 (32.5) 79 (38.7) 32 (23.2)
4–6 35 (10.2) 28 (13.7) 7 (5.1)

Low-Risk HPV 6 and/or
11

<0.01

No 198 (57.9) 103 (50.5) 95 (68.8)
Yes 144 (42.1) 101 (49.5) 43 (31.2)

High-risk HPVs
16 79 (23.1) 58 (28.4) 21 (15.2) <0.01
18 49 (14.3) 35 (17.2) 14 (10.1) 0.07
31 6 (1.8) 3 (1.5) 3 (2.2) 0.69
33 9 (2.6) 8 (3.9) 1 (0.7) 0.09
35 49 (14.3) 38 (18.6) 11 (8.0) <0.01
39 34 (9.9) 27 (13.2) 7 (5.1) 0.01
45 62 (18.1) 44 (21.6) 18 (13.0) 0.05
51 59 (17.3) 42 (20.6) 17 (12.3) 0.05
52 32 (9.4) 23 (11.3) 9 (6.5) 0.14
56 40 (11.7) 25 (12.3) 15 (10.9) 0.70
58 24 (7.0) 19 (9.3) 5 (3.6) 0.05
59 35 (10.2) 22 (10.9) 13 (9.4) 0.68
68 29 (8.5) 21 (10.3) 8 (5.8) 0.14

Low-risk HPVs
6 106 (31.0) 75 (36.8) 31 (22.5) <0.01
11 62 (18.1) 47 (23.0) 15 (10.9) <0.01
42 67 (19.6) 53 (26.0) 14 (10.1) <0.01
54 37 (10.8) 26 (12.8) 11 (8.0) 0.16
67 49 (14.3) 37 (18.1) 12 (8.7) 0.01

Abbreviations: p, p-value.
*Pearson's Chi-square and Fisher's exact tests. Bold type indicates statistically
significant (p < 0.05) differences in HPV prevalence by HIV infection status.
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not be determined. Second, the majority of SIL cases were LSIL and
power was limited to evaluate the association of HR-HPV infections
with HSIL. Upon improved proficiency with HRA, future studies with
more samples could type-specific HPVs from HSIL. Lastly, morpholo-
gical characteristics of the lesions, such as homogenous terminal ca-
pillaries, would have helped confirm which LSILs were AGWs, but these
data were not collected and should be considered when implementing
future HRA screening [38,39].

In conclusion, this study confirmed a high abundance of HR-HPV
and multiple HR-HPVs in our screened population. For any new
screening program, understanding the characteristics of the screened
population, such as age or frequency of HPV-related condyloma, are
important for gauging expectations of an anoscopist-in-training. Our
participants have sufficient HR-HPV and detection of HSIL will likely
improve as they age and the anoscopist is supported with additional
mentoring.

Data availability statement

The data that support the findings of this study are available upon
request from the corresponding author. As a precautionary measure due
to the criminalization of same-sex behavior in Nigeria, the research data
is kept confidential.

Funding sources

Funding for this research was supported by the National Cancer
Institute [2P30CA134274-09S2, 5P30CA134274] and jointly with the
Office of AIDS Research [1K07CA225403]. Additional support was
provided by the National Institutes of Health [R01 MH099001, R01
AI120913, R01 MH110358]; the Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc., and the U.S. Department of

Defense [W81XWH-11-2-0174, W81XWH-18-2-0040]; Fogarty
Epidemiology Research Training for Public Health Impact in Nigeria
program [D43TW010051]; and the President's Emergency Plan for
AIDS Relief through a cooperative agreement between the Department
of Health and Human Services/Centers for Disease Control and
Prevention, Global AIDS Program, and the Institute for Human
Virology-Nigeria [NU2GGH002099]. The content is solely the respon-
sibility of the authors and should not be construed to represent the
positions of the National Institutes of Health, U.S. Army, the
Department of Defense, the Department of Health and Human Services,
or other funders. The investigators have adhered to the policies for
protection of human subjects as prescribed in AR-70.

CRediT authorship contribution statement

Rebecca G. Nowak: Conceptualization, Methodology, Validation,
Investigation, Resources, Supervision, Project administration, Funding
acquisition. Lisa M. Schumaker: Conceptualization, Methodology,
Validation, Investigation, Resources, Supervision, Project administra-
tion, Funding acquisition. Nicholas P. Ambulos: Conceptualization,
Methodology, Validation, Investigation, Resources, Supervision, Project
administration, Funding acquisition. Nicaise Ndembi:
Conceptualization, Methodology, Validation, Investigation, Resources,
Supervision, Project administration, Funding acquisition. Wuese
Dauda: Conceptualization, Methodology, Validation, Investigation,
Resources, Supervision, Project administration, Funding acquisition.
Chinedu H. Nnaji: Conceptualization, Methodology, Validation,
Investigation, Resources, Supervision, Project administration, Funding
acquisition. Andrew Mitchell: Conceptualization, Methodology,
Validation, Investigation, Resources, Supervision, Project administra-
tion, Funding acquisition. Trevor J. Mathias: Conceptualization,
Methodology, Validation, Investigation, Resources, Supervision, Project

Fig. 1. HPV prevalence ratios and 95% confidence intervals by HIV status.

R.G. Nowak, et al. Papillomavirus Research 10 (2020) 100200

5



administration, Funding acquisition. Paul Jibrin: Conceptualization,
Methodology, Validation, Investigation, Resources, Supervision, Project
administration, Funding acquisition. Teresa M. Darragh:
Conceptualization, Methodology, Validation, Investigation, Resources,
Supervision, Project administration, Funding acquisition. Oluwole
Olaomi: Conceptualization, Methodology, Validation, Investigation,
Resources, Supervision, Project administration, Funding acquisition.
Trevor A. Crowell: Conceptualization, Methodology, Validation,
Investigation, Resources, Supervision, Project administration, Funding
acquisition. Stefan D. Baral: Conceptualization, Methodology,
Validation, Investigation, Resources, Supervision, Project administra-
tion, Funding acquisition. Manhattan E. Charurat: Conceptualization,
Methodology, Validation, Investigation, Resources, Supervision, Project
administration, Funding acquisition. Søren M. Bentzen:

Conceptualization, Methodology, Validation, Investigation, Resources,
Supervision, Project administration, Funding acquisition. Joel M.
Palefsky: Conceptualization, Methodology, Validation, Investigation,
Resources, Supervision, Project administration, Funding acquisition.
Kevin J. Cullen: Conceptualization, Methodology, Validation,
Investigation, Resources, Supervision, Project administration, Funding
acquisition.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
JMP has stock and ownership interests in Ubiome, Virion Therapeutics,
VIR Biotechnology; has received honoraria from Janssen
Pharmaceuticals, Vaccitech, Antiva Biosciences; has a consulting or
advisory role for Antiva Biosciences, VIR Biotechnology, Vaccitech and
Novan; receives research funding from Merck, Antiva Biosciences, VIR
Biotechnology, CEL-SCI; and receives travel, accommodations and ex-
penses from Merck, Vaccitech and Janssen. None of this relates to this
specific work. All other authors have no declarations of interest.

Acknowledgements

The authors would like to thank all research participants, study staff
and ICARH for their commitment to this study. We thank William A.
Blattner, MD for his mentorship. We also give special thanks for Jing
Yin and Li Tang for their availability and support in generating the HPV
and IDH1 data as well as Lionhare Design for their graphic design

Table 3
Overall and HIV stratified proportions of any squamous intraepithelial lesions
by anal HPV genotypes (row percentages of number of SIL cases/person with or
without HPV).

Any LSIL/HSIL

Overall
n/N (%)

HIV-infected
n/N (%)

HIV-uninfected
n/N (%)

Multiple HPVs
0 5/29 (17.2) 0/2 (0.0) 5/27 (18.5)
1 23/38 (60.5) 10/14 (71.4) 13/24 (54.2)
2–4 102/168 (60.7) 69/101 (68.3) 33/67 (49.3)
5–11 66/107 (61.7) 57/87 (65.5) 9/20 (45.0)

Multiple High-Risk HPVs
0 44/90 (48.9) 21/29 (72.4) 23/61 (37.7)
1 64/106 (60.4) 41/68 (60.3) 23/38 (60.5)
2–3 68/111 (61.3) 56/79 (70.9) 12/32 (37.5)
4–6 20/35 (57.1) 18/28 (64.3) 2/7 (28.6)

Low-Risk HPV 6 and/or 11
No 90/198 (45.5) 60/103 (58.3) 30/95 (31.6)
Yes 106/144 (73.6) 76/101 (75.3) 30/43 (69.8)

High-Risk HPVs
HPV16

No 148/263 (56.3) 98/146 (67.1) 50/117 (42.7)
Yes 48/79 (60.8) 38/58 (65.5) 10/21 (47.6)

HPV35
No 170/293 (58.0) 114/166 (68.7) 56/127 (44.1)
Yes 26/49 (53.1) 22/38 (57.9) 4/11 (36.4)

HPV39
No 174/308 (56.5) 117/177 (66.1) 57/131 (43.5)
Yes 22/34 (64.7) 19/27 (70.4) 3/7 (42.9)

HPV45
No 154/280 (55.0) 102/160 (63.8) 52/120 (43.3)
Yes 42/62 (67.7) 34/44 (77.3) 8/18 (44.4)

HPV51
No 159/283 (56.2) 107/162 (66.1) 52/121 (43.0)
Yes 37/59 (62.7) 29/42 (69.1) 8/17 (47.1)

HPV58
No 183/318 (57.6) 125/185 (67.6) 58/133 (43.6)
Yes 13/24 (54.2) 11/19 (57.9) 2/5 (40.0)

Low-Risk HPVs
HPV6

No 116/236 (49.2) 77/129 (59.7) 39/107 (36.5)
Yes 80/106 (75.5) 59/75 (78.7) 21/31 (67.7)

HPV11
No 150/280 (53.6) 101/157 (64.3) 49/123 (39.8)
Yes 46/62 (74.2) 35/47 (74.5) 11/15 (73.3)

HPV42
No 153/275 (55.6) 100/151 (66.2) 53/124 (42.7)
Yes 43/67 (64.2) 36/53 (67.9) 7/14 (50.0)

HPV67
No 166/293 (56.7) 112/167 (67.1) 54/126 (42.9)
Yes 30/49 (61.2) 24/37 (64.9) 6/12 (50.0)

Abbreviations: SIL, squamous intraepithelial lesions; L/HSIL, low-grade/high-
grade squamous intraepithelial lesions.
Bold type indicates statistical significance (p < 0.05) differences in the pre-
valence of SIL by HPVs overall and stratified by HIV using Pearson's Chi-Square
and Fisher's exact tests.

Table 4
Low-risk HPV 6 and/or 11 and Other Factors Associated with Any Squamous
Intraepithelial Lesions.

Characteristic Unadjusted
OR (95% CI)

Adjusted*
OR (95% CI)

Low-Risk HPV 6 and/or 11
No Ref. Ref.
Yes 3.35 (2.1–5.3) 1.81 (1.1–3.1)

Age (years)
≤24 Ref.
25–34 1.5 (1.0–2.4)
≥35 1.6 (0.8–3.4)

Years since anal coital debut
≤7 Ref. Ref.
≥8 1.56 (1.0–2.4) 1.65 (1.0–2.7)

Lifetime No. of receptive partners
≤10 Ref.
≥11 1.24 (0.8–2.0)

Receptive anal sex in past year
No Ref.
Yes 1.79 (1.0–3.1)

Transactional sex in past year
No Ref.
Yes 1.06 (0.7–1.7)

HIV infection
No Ref. Ref.
Yes 2.60 (1.7–4.1) 1.63 (1.0–2.7)

Rectal Neisseria gonorrhoeae
No Ref. Ref.
Yes 0.63 (0.3–1.2) 0.52 (0.3–1.1)

Rectal Chlamydia trachomatis
No Ref.
Yes 0.67 (0.3–1.3)

Perianal warts
No Ref. Ref.
Yes 8.85 (4.6–17.0) 6.66 (3.3–13.5)

Abbreviations: HPV, human papillomavirus; OR, odds ratio; CI, confidence in-
terval; No., number.
*The final model was adjusted for years since sexual debut, HIV, rectal Neisseria
gonorrhoeae and perianal warts.
Bold type indicates statistically significant (p < 0.05).
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support.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.pvr.2020.100200.
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