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aged 21-24 years.

KEYWORDS

1 | INTRODUCTION

Cervical cancer screening has led to dramatic reductions
in cervical cancer incidence and mortality over the past
decades in the United States; however, thousands con-
tinue to develop and die from cervical cancer each year,
with significant disparities observed by geographic region
as well as race and ethnicity."* In Mississippi (MS), which
has one of the highest burdens of cervical cancer in the
United States, Blacks have higher cervical cancer mor-
tality compared to Whites (5.0 vs. 2.8 per 100,000, 2013-
2017). The underlying causes of these disparities are
likely multi-faceted, involving factors related to access to
care and potentially also factors related to human papillo-
mavirus (HPV) natural history.

While the causal role of HPV in cervical carcinogene-
sis is well-established and thought to be universal across
settings,” age-specific prevalence of HPV infection, pre-
cancer, and cancer varies across populations, related to
behavioral factors such as average age of sexual initiation
and biologic factors such as immunologic control of in-
fections.” In many settings, including the United States,
HPV prevalence peaks shortly after sexual debut and de-
clines with increasing age, corresponding to a decrease
in exposure to new sexual partners and some level of ac-
quired immunity to repeat HPV infection.” This model
guides recommendations that routine vaccination should
be administered to adolescents aged 11 or 12 years,”’ and
that HPV screening should not occur before age 25 years
due to the high prevalence of benign HPV infections and
the low prevalence of cervical precancers in younger in-
dividuals.>® HPV genotype prevalence in precancers and
cancers varies by race and ethnicity. For example, HPV35,

30-34 years (30.2%) compared to Whites in the same age groups (32.1% and 20.7%;
p < 0.0001, respectively). The prevalence of high-grade cytologic abnormalities,
a cytologic sign of cervical precancer, peaked earlier in Blacks (ages 25-29) com-
pared to Whites (35-39). For comparison, we also analyzed HPV prevalence data
from the National Health and Nutrition Examination Survey (NHANES, 2013-
2016) and observed similar racial differences in HPV prevalence among women

Conclusions: Our findings suggest that Blacks undergoing cervical cancer
screening in MS have higher prevalence of other high-risk 12 HPV types at
younger ages and experience an earlier peak of high-grade cytologic abnormali-
ties compared to Whites.

cervical cancer, human papillomavirus, Mississippi, natural history, racial differences

a carcinogenic type not included in current vaccines, is
more prevalent among individuals of African descent
compared to Whites.'**

As HPV-based cancer prevention approaches are in-
creasingly being implemented, population-based studies of
HPV prevalence in regions like MS are necessary to better
understand how these tools will perform in racially diverse
populations with high rates of cervical cancer. To address
this gap, we designed the STRIDES study (STudying Risk
to Improve DisparitiES in cervical cancer in MS) which in-
cludes over 30,000 individuals undergoing cervical cancer
screening throughout the state of MS."> Here, we evaluate
the age-specific prevalence of high-risk HPV infection in
a representative subset of this population including indi-
viduals aged 21-65 years, with a particular focus on racial
differences. We put our findings in context with nationally
representative data from the National Health and Nutrition
Examination Survey (NHANES, 2013-2016).

2 | MATERIALS AND METHODS

2.1 | Study population

Data included in this study are from a representative base-
line sample of a large statewide cohort study, STRIDES.
Briefly, STRIDES includes individuals undergoing cervi-
cal cancer screening and management at the University of
Mississippi Medical Center (UMMC) and the Mississippi
State Department of Health (MSDH). UMMC is the sole
academic medical center in the state, and all cervical pa-
thology samples from MSDH clinics are sent to UMMC.
Screening and management data are obtained from
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electronic health records (EHRs). Discard specimen col-
lection began in May 2018, and follow-up is ongoing. The
current cross-sectional study is a representative subset
of the STRIDES cohort, including all individuals aged
21-65 years who underwent screening from 8 May 2018
to 26 November 2018. The Institutional Review Boards
at UMMC and MSDH approved this protocol; a HIPAA
waiver of consent was granted.

2.2 | Liquid-based cytology

All specimens are processed and interpreted in the UMMC
Department of Pathology. Liquid-based cytology (Pap)
testing is conducted using the ThinPrep Pap 2000 System
(Hologicm). Specimens are processed and prescreened with
automated image analysis, followed by full screening by
the cytotechnologist prior to final cytologic interpreta-
tion by a cytopathology fellowship-trained pathologist.
Cytologic interpretation occurs without prior knowledge
of the HPV result. Cytology results are interpreted using
the Bethesda 2014 terminology'® and classified as negative
for intraepithelial lesion or malignancy (NILM), atypical
squamous cells of undetermined significance (ASC-US),
low-grade squamous intraepithelial lesion (LSIL), atypi-
cal squamous cells cannot exclude high grade (ASC-H),
or high-grade squamous intraepithelial lesion (HSIL).
Glandular lesions and atypical endometrial cells are rare
in this population and therefore grouped together as
“other.”

2.3 | HPV testing

Two HPV assays were included in this study: cobas 4800
for specimens with clinical HPV testing and the TypeSeq
assay for specimens not sent for clinical HPV testing, de-
scribed in detail below. At MSDH, screening transitioned
from primary cytology with ASC-US triage with reflex HPV
testing to HPV and cytology co-testing on 1 July 2018, for
those aged 30-65 years. Individuals under 30 years of age
undergo primary cytology screening with ASC-US triage.
UMMC clinics predominantly perform co-testing among
individuals aged 30 years and older and primary cytology
with HPV ASC-US triage for those under age 30; how-
ever, some UMMC providers continue to perform screen-
ing using primary cytology regardless of age. MSDH and
UMMC specimens that were sent for clinical HPV testing
were tested using the Roche Diagnostics cobas 4800 HPV
genotyping test (Roche Molecular Systems) (Roche, 2018).
The assay provides type-specific identification of types 16
and 18 and pools other high-risk HPV genotypes: 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, and 68. HPV66 is also assayed
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although its inclusion is of questionable value."” Together,
these 12 types are grouped as “other HR12.”

Specimens that were not sent for clinical HPV
testing were sent to the National Cancer Institute's
Cancer Genomics Research Laboratory for testing with
TypeSeq.lg’19 TypeSeq detects 51 HPV types (HPV3, 6, 11,
13, 16, 18, 26, 28, 30, 31, 32, 33, 34, 35, 39, 40, 42, 43, 44,
45, 51, 52, 53, 54, 56, 58, 59, 61, 62, 66, 67, 68, 69, 70, 71, 72,
73,74,76, 81, 82, 83, 84, 85, 86, 87, 89, 90, 91, 97, and 114).
Specimens not meeting minimum human and/or HPV
read thresholds were reported as “failed to amplify.” To
generate results compatible with cobas, we classified the
same 14 types as high-risk and also separately analyzed
types 16 and 18 versus other HR12. A total of 3123 (45.5%)
individuals were tested with cobas 4800, 3634 (52.9%)
were tested with TypeSeq, and 369 (5.4%) samples were
not collected or sent for HPV testing. A total of 34 samples
tested by TypeSeq failed to amplify (0.9%).

2.4 | Demographics and co-variates

We collected demographic information including age and
race from the EHR based on the intake information re-
corded from the patient at the screening visit. Race and
ethnicity included the following categories from the EHR:
White or Caucasian (“White”), Black or African American
(“Black”), American Indian or Alaska Native, Asian,
Native Hawaiian or Other Pacific Islander, Multiracial,
Other Race, and includes Patient Refused or Unknown.
Due to low sample size, American Indian or Alaska
Native, Choctaw Indian, Asian, Native Hawaiian, or Other
Pacific Islander, were collapsed into one category (“Other
Race”). Age was categorized in 5-year groups from 21 to
24 years to 60+ years. For some analyses where numbers
were sparse, we combined older age groups as 40-49, 50—
59, and 60+ years.

2.5 | Statistical analyses

We included data from the baseline visit, defined as the
first observed screening record in the EHR as of May 2018.
If HPV testing data were missing from the baseline visit
but collected in a subsequent visit within 6 months, we
used data from that second visit (n = 36). We used descrip-
tive statistics to summarize baseline characteristics and
chi-square and one-way ANOVA testing to evaluate differ-
ences in baseline characteristics by race. Among Whites
and Blacks where we had large enough sample size, we
calculated the proportion and 95% confidence intervals
(CIs) of individuals who tested positive for high-risk HPV,
overall and by HPV16/18 versus other HR12, by race, and
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stratified by age group. Among all individuals irrespective
of HPV results, we evaluated the distribution (proportions
and 95% Cls) of cytology by race, stratified by age group,
grouping together ASC-US and LSIL as low-grade cyto-
logic abnormalities and ASC-H and HSIL as suggestions
of underlying cervical precancer. We also computed pro-
portions of overall HPV positivity by continuous age and
race using a 5-year moving average for individuals aged
21-65 years of age.

To contextualize our findings within the US popula-
tion we analyzed HPV prevalence data from NHANES
using the most recent consecutive cycles (2013-2016).
Briefly, NHANES is an ongoing series of population-based
cross-sectional surveys conducted by the National Center
for Health Statistics at the Centers for Disease Control
(CDC). The survey consists of a household interview and
a physical examination in a mobile examination center.
Cervicovaginal samples were self-collected at a mobile ex-
amination center and sent to the CDC laboratory for HPV
testing and genotyping with linear array.”® We grouped
HPV genotypes as HPV16/18 and other HR12 and calcu-
lated prevalence estimates by applying sample weights
to account for selection probabilities and non-response.
We used Taylor series linearization to calculate standard
eITors.

All reported p values were two-sided, and a p value
<0.05 was considered significant. Statistical analyses were
conducted using STATA/SE, version 16.0.

3 | RESULTS

3.1 | Population characteristics

A total of 6871 individuals screened between May 2018
and November 2018 at either MSDH (n = 4624; 67.3%) or
UMMC (n = 2247; 32.7%) were included in this analysis.
The mean age of all individuals was 35.7 years and varied
by race, with Whites being slightly older on average com-
pared to the other two groups (Table 1). Among all indi-
viduals, the prevalence of HPV infection was 25.6%, with
Blacks having the highest prevalence (28.0%), followed
by Whites (22.4%), and those classified as Other race
(21.0%). A total of 403 individuals (5.9%) were missing
HPV results; these individuals were slightly older (mean
age 40.8 years), less likely to be “Other” race (6.5%), and
more likely to have inadequate cytology results (4.5%; data
not shown) compared to the overall study population. The
prevalences of HPV16 and HPV18 were 3.0% and 1.7%,
respectively, in the total population and did not vary by
race. The prevalence of other HR12 HPV types was 24.9%
among all individuals and was higher among Blacks

(27.5%) compared to other racial groups (21.3% in Whites
and 20.0% in Other). Overall, 82.5% of the study popula-
tion had normal cytology (NILM) results, with individu-
als classified as Other race having higher prevalence of
normal cytology (86.6%) compared to Whites (83.7%) and
Blacks (81.1%).

As shown in Table 2, the distribution of cytology results
by HPV positivity was similar between Whites and Blacks;
however, among individuals with NILM cytology, Blacks
were more likely to be HPV positive compared to Whites
(23.0% vs. 18.3%, respectively, p < 0.0001). Differences in
HPV positivity by race were not significant for other cyto-
logic categories.

3.2 | Prevalence of HPV by age and race
As shown in Figure 1, the prevalence of HPV infection was
significantly higher in Blacks aged 21-24 years (50.2%;
95% CI, 46.8-53.5%) and 30-34 years (30.2%; 95% CI,
26.4-34.1%) compared to Whites in the same age groups
(32.1%; 95% C1 27.3-37.1% and 20.7%; 95% CI, 16.2-26.0%,
p < 0.0001, respectively). The highest prevalence of HPV
infection was observed around age 26 years (34.4%) among
Whites, whereas the highest observed prevalence of HPV
infection among Blacks occurred at age 21 years (51.3%)
(Figure S1). In both groups, the prevalence of HPV infec-
tion declined with age.

3.3 | Prevalence of other HR12 HPV and
HPV16/18 by age and race

Figures 2 and 3 show the prevalence of other HR12 HPV
and HPV16/18 infections, respectively, by age group and
race. Similar to HPV overall, the age-specific prevalence
of other HR12 HPV infections differed significantly by
race among individuals aged 21-24 years, with Blacks
having higher prevalence compared to Whites (48.4%
vs. 29.6%, respectively; p < 0.0001) with the highest
observed prevalence occurring between ages 25 and
29 years for Whites (30.6%) and ages 21-24 years for
Blacks (48.4%). In contrast, both Whites and Blacks aged
21-24 years had very similar prevalence of HPV16/18
infections (4.9% and 5.3%, respectively), with no signifi-
cant differences observed by age group. Among Whites,
the highest observed prevalence of HPV16/18 infection
occurred between ages 25-29 years (6.5%) and among
Blacks, between ages 30-34 years (7.1%). The distribu-
tion of HPV testing and partial genotyping results by
race and age were similar across both assays (data not
shown).
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TABLE 1 Baseline characteristics of
individuals with cytology and HPV testing

overall and by race Total

Screening site, n (%)
MSDH
UMMC

Mean age (years,
(SD))
Age group, n (%)
21-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60+

High-risk HPV, n (%)

Positive
Negative
Missing
Any HPV16, n (%)
Any HPV18, n (%)

Any other HR12,
n (%)

Cytology, n (%)
Inadequate
NILM
ASC-US
LSIL
ASC-H
HSIL
Other
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Total Whites Blacks Other
6871 (100.0) 1803 (26.2) 4192 (61.0) 876 (12.8)
4624 (67.3) 1109 (61.5) 2759 (65.8) 756 (86.3)
2247 (32.7) 694 (38.5) 1433 (34.2) 120 (13.7)
35.7(12.9) 36.7 (14.0) 35.7 (12.9) 33.5(10.1)
1512 (22.0) 388 (21.5) 940 (22.4) 184 (21.0)
1337(19.5) 355 (19.7) 812 (19.4) 170 (19.4)
1032 (15.0) 274 (15.2) 588 (14.0) 170 (19.4)
856 (12.5) 173 (9.6) 536 (12.8) 147 (16.8)
566 (8.2) 145 (8.0) 328 (7.8) 93 (10.6)
450 (6.6) 105 (5.8) 294 (7.0) 51(5.8)
357(5.2) 100 (5.6) 234(5.6) 23(2.6)
309 (4.5) 98 (5.4) 193 (5.6) 23(2.6)
452 (6.6) 165 (9.1) 267 (6.4) 20 (2.3)
1761 (25.6) 403 (22.4) 1174 (28.0) 184 (21.0)
4707 (25.6) 1286 (71.3) 2755 (65.7) 666 (76.0)
403 (5.9) 114 (6.3) 263 (6.3) 26 (3.0)
195 (3.0) 58 (3.4) 119 (3.0) 19 (2.2)
109 (1.7) 27 (1.6) 72 (1.8) 10(1.2)
1609 (24.9) 359 (21.3) 1080 (27.5) 170 (20.0)
83(1.2) 26 (1.4) 48 (1.1) 9(1.1)
5667 (82.5) 1509 (83.7) 3399 (81.1) 759 (86.6)
506 (7.4) 117 (6.5) 336 (8.0) 53(6.1)
453 (6.6) 105 (5.8) 302(7.2) 46 (5.3)
42 (0.6) 11 (0.6) 27 (0.6) 4(0.5)
99 (1.4) 27(1.5) 67 (1.6) 5(0.6)
21(0.3) 8(0.4) 13(0.3) 0(0.0)

Abbreviations: ASC-H, atypical squamous cells cannot exclude high grade; ASC-US, atypical

squamous cells of undetermined significance; HSIL, high-grade intraepithelial lesion; LSIL, low-grade
intraepithelial lesion; MSDH, Mississippi State Department of Health; NILM, negative for intraepithelial
lesion or malignancy; UMMC, University of Mississippi Medical Center.

3.4 | Prevalence of ASC-US/LSIL and
ASC-H/HSIL cytology by age and race

Blacks aged 21-24 years had significantly higher preva-
lence of ASC-US/LSIL compared to Whites in the same
age group (23.2% vs. 13.9%, respectively; p < 0.0001, 4). In
contrast, while Blacks and Whites had very similar preva-
lence of ASC-H/HSIL cytology at ages 21-24 years (2.2%
and 2.8%, respectively), we observed an earlier peak prev-
alence of ASC-H/HSIL occurring in Blacks between ages
25-29 (3.2%) compared to ages 35-39 in Whites (3.5%;

Figure 4). The prevalence of ASC-H/HSIL was similar by
race at age 40 years and older.

3.5 | Prevalence of HPV in NHANES by
age and race

We observed similar HPV prevalence patterns by race
in NHANES among individuals aged 21-24 years, with
Blacks having higher prevalence of HPV infection over-
all compared to Whites (49.5%; 95% CI 38.9%-60.2% Vs.
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TABLE 2 Cytology and HPV results by race
Whites (N = 1689) Blacks (N = 3929)
HPYV positive HPV negative HPYV positive HPV negative
N (row%/col%) N (row%/col%) N (row%/col%) N (row%/col%)
Cytology
Inadequate 1(4.8/0.25) 20 (95.2/1.6) 3(8.3/0.3) 33(91.7/1.2)
NILM? 262 (18.3/65.0) 1167 (81.7/90.8) 733 (23.0/62.4) 2460 (77.0/89.3)
ASC-US 42(37.5/10.4) 70 (62.5/5.4) 156 (47.4/13.3) 173 (52.6/6.3)
LSIL 74 (79.6/18.4) 19 (20.4/1.5) 211 (76.5/18.0) 65 (23.6/2.4)
ASC-H 5(71.4/1.2) 2(28.6/0.2) 16 (61.5/1.4) 10 (38.5/0.4)
HSIL 18 (85.7/4.5) 3(14.3/0.2) 53 (88.3/4.5) 7(11.7/0.3)
Other 1(16.7/0.3) 5(83.3/0.4) 2(22.2/0.2) 7(77.8/0.3)
Total 403 (23.9/100.0) 1286 (76.1/100.0) 1174 (29.9/100.0) 2755 (70.1/100.00)

Abbreviations: ASCH, atypical squamous cells cannot exclude high grade; ASCUS, atypical squamous cells of undetermined significance; HSIL, high-grade
intraepithelial lesion; LSIL, low-grade intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy.

*Among individuals with NILM cytology, Blacks were significantly more likely to be HPV positive compared to Whites, p < 0.0001.
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FIGURE 1 Prevalence of HR-HPV by age and race. The
prevalence (%) and 95% confidence intervals of high-risk HPV
infection including HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, and 68 (y-axis) are plotted by age group (x-axis).
Prevalence curves are shown for Whites in red with filled
circles and for Blacks in blue with filled squares. HPV, human
papillomavirus; HR, high-risk

33.65%; 95% CI, 24.1-44.8%, respectively) (Figure S2).
However, unlike patterns in MS, the prevalence of HPV
infection was higher In Blacks compared to Whites across
all age groups. Patterns were similar for other HR12 infec-
tions (Figure S3).
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FIGURE 2 Prevalence of other HR12 HPV by age and race.
The prevalence (%) and 95% confidence intervals of other HR12
HPV infection including HPV types 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, and 68 (y-axis) are plotted by age group (x-axis). Prevalence
curves are shown for Whites in red with filled circles and for Blacks
in blue with filled squares. HPV, human papillomavirus; HR, high-
risk

4 | DISCUSSION

Racially diverse populations from settings like MS have
not been well-represented in cervical cancer research. In
our baseline sample from a diverse statewide cohort of



CLARKE ET AL.
157 HPV16/18 Prevalence by Age and Race
-o- Whites
- Blacks
10
N3
[
Q
c
2
©
>
o
S
o
5 -
0

T T T T T T 1
21-24  25-29 30-34 35-39 40-49 50-59 60+
Age (years)

FIGURE 3 Prevalence of HPV16/18 by age and race. The
prevalence (%) and 95% confidence intervals of HPV16/18 infection
including HPV types 16 and 18 (y-axis) are plotted by age group
(x-axis). Prevalence curves are shown for Whites in red with filled
circles and for Blacks in blue with filled squares. HPV, human
papillomavirus
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individuals undergoing screening in MS, the prevalence
of carcinogenic HPV infection was 26% and was higher in
Blacks (28%) compared to Whites (22%). We observed a
substantial difference in the prevalence of HPV infection in
the youngest age group (21-24 years), with Blacks having
significantly higher prevalence compared to Whites (50.2%
vs. 32.1%, respectively). While HPV16/18 prevalence was
similar across racial groups, prevalence of other HR12 HPV
types was significantly higher among Blacks compared to
Whites. Age- and race-specific prevalence of low-grade
cytologic abnormalities reflected similar patterns to those
of HPV infection. With respect to high-grade cytologic ab-
normalities, signaling cervical precancer, we observed an
earlier peak in the prevalence in Blacks, occurring in ages
25-29, whereas this peak was observed in Whites 10 years
later (ages 35-39). Collectively, our data suggest a younger
age of onset of carcinogenic HPV infection and subsequent
cervical precancer in Blacks compared to Whites in MS.
Given that until recently, HPV-based screening in the
United States was only recommended for women aged
30 years and older, population-based data on racial differ-
ences in the age-specific prevalence of HPV infection and
partial genotyping are rare in individuals under 30 years of
age. In general, our results were in line with NHANES data,
showing higher prevalence of HPV infection overall and for

89 (B) ASC-H/HSIL Cytology by Age and Race
-o- Whites
- Blacks
6 -

Prevalence (%)
F-N
1

T T T 1
21-24 25-29 30-34 35-39 4049 50-59 60+

FIGURE 4 Prevalence of abnormal cytology by age and race. (A) The prevalence (%) and 95% confidence intervals of low-grade cytology
including ASC-US and LSIL (y-axis) are plotted by age group (x-axis). (B) The prevalence (%) and 95% confidence intervals of high-grade
cytology including ASC-H and HSIL (y-axis) are plotted by age group (x-axis). Prevalence curves are shown for Whites in red with filled
circles and for Blacks in blue with filled squares. ASC-H, atypical squamous cells cannot exclude high grade; ASC-US, atypical squamous
cells of undetermined significance; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion
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other HR12 HPV types in Blacks compared to Whites aged
21-24 years, although only our study was sufficiently pow-
ered to show statistically significant differences by race. In
our study, the differences in the prevalence of other HR12
HPV infections between Blacks and Whites were much less
pronounced in women aged 35 years and older. In contrast,
in NHANES, Blacks had higher prevalence of other HR12
HPV infections across all age groups, albeit not statistically
significant. The differences between our findings in MS
and NHANES seem to be related both to a higher preva-
lence of other HR12-HPV infections among older Blacks in
NHANES as well as higher prevalence of other HR12-HPV
infections among older Whites in MS.

It is possible that both behavioral and biological
factors underlie the observed racial differences in the
age-specific HPV prevalence patterns in MS. Generally,
the peak prevalence of HPV infection is tightly linked
to age at sexual debut.’ Data from the 2013 US and MS
High School Youth Risk Behavior Survey suggest an
earlier age at sexual debut among Blacks compared to
Whites.”! An important observation from our study is
that differences in the prevalence of HPV infection were
predominantly restricted to other HR12 HPV types. It is
important to consider the effect of HPV vaccination on
HPYV prevalence in this context. HPV vaccination sta-
tus is not reported in our data; however, MS has con-
sistently ranked lowest in the nation for HPV vaccine
coverage (29.8% in MS vs. 47.5% in the United States
overall of teens aged 13-17 years up to date with HPV
vaccination, 2015-2019) and Black teens are more likely
to be up to date with HPV vaccination compared to
White teens in MS (33.5% vs. 24.9%, respectively, 2015-
2019).* Given that routine HPV vaccination occurs
predominantly at age 11 or 12, most vaccinated indi-
viduals in the MS population age 21 and older would
have received vaccines including HPV16/18 but none of
the other types. Thus, HPV vaccination likely reduced
the prevalence of HPV16/18 infections both in younger
Whites and Blacks, minimizing potential racial differ-
ences at younger ages. However, the striking racial dif-
ferences we observed in the prevalence of other HR12
HPV infections cannot be explained by vaccination.
Recent studies have shown that Blacks, based on self-
reported race and genomic ancestry informative mark-
ers, are less likely to be infected with HPV16 compared
to Whites, and are more likely to be positive for other
carcinogenic HPV types.'®127142023:24 pogsible biolog-
ical factors explaining these type-specific differences
by race include variation in host susceptibility and in
the evolutionary “fitness” of different viral genotypes
within populations of different ancestries. Implications
of these type-specific differences by race with respect
to risk of cervical precancer and cancer remain unclear

and require further research. In the current study, we
observed earlier peaks in both other HR12 HPV posi-
tivity and high-grade cytologic abnormalities in Blacks
compared to Whites, suggesting a potential younger
age of onset of cervical disease in Blacks that may be
attributed to infections with non-16/18 types. With ad-
ditional follow-up, we will be able to confirm whether
these earlier peaks of high-grade cytology are in fact
associated with increased risk of cervical precancer at
earlier age among Black individuals.

The data reported here represent one of the largest
studies focusing on HPV natural history in a diverse, US
screening population, including over 4000 Blacks. Other
large population-based screening cohorts have a much
lower proportion of Black individuals,® and, as we have
demonstrated, HPV prevalence data based on NHANES
are not well-powered to evaluate precise age-and-race-
specific differences by partial genotyping. We conducted
HPV testing in individuals 21-29 years of age, who are typ-
ically not represented in large clinical studies given that
primary HPV screening is rarely performed under age 30.
Our statewide sample covers individuals undergoing cer-
vical cancer screening at all MS state health department
clinics, with centralized data collection and pathology re-
view. Some limitations are worth noting. We do not have
information on vaccination status for individuals included
in STRIDES. However, vaccination rates within the state
do not appear to be differential by race in the relevant age
group.?® We used two different assays for HPV testing, and
because TypeSeq was used to supplement HPV results for
those who did not receive cobas testing clinically (those
who underwent primary cytology), patients with TypeSeq
testing included most women younger than 30 years of age.
However, TypeSeq has shown high agreement with com-
mercial HPV assays, and we did not observe meaningful
differences in the patterns by race and age by assay.'®* We
were not able to evaluate individual genotypes in our
study; however, extended genotyping of all specimens in
the larger STRIDES cohort is ongoing, allowing to evaluate
genotype-specific results in the future.

Our study suggests that Blacks undergoing cervical
screening in MS experience an earlier age of onset of other
HR12 HPV infections and peak of high-grade cytologic ab-
normalities compared to Whites. These findings may have
implications for natural history modeling, risk estimation,
and recommendations for HPV-based screening. Studies
of cervical carcinogenesis and screening are scarce in di-
verse populations like MS. STRIDES is addressing this
critical gap and will continue to make important contribu-
tions to understanding HPV natural history and cervical
precancer risk in a diverse high-risk population to ensure
that disease models and clinical guidelines are more inclu-
sive and better reflect different target populations.’



CLARKE ET AL.

.. 8649
Cancer Medicine “WI LEYJ—

ETHICS STATEMENT

The Institutional Review Boards at the University
of Mississippi Medical Center and Mississippi State
Department of Health approved this protocol. A HIPAA
waiver of authorization and HIPAA waiver of informed
consent were granted.

ACKNOWLEDGMENTS

The authors thank Mildred Ridgway, MD, Bethany Sabins,
NP, Laura Tucker, MSN, RN, and Thomas Dobbs, MD, for
their collaboration and clinical guidance. Additionally,
the authors are grateful for the contribution of Dr. Doug
Hiser for his contribution to the development of our data
and specimen management tool.

CONFLICT OF INTEREST
The authors declare no relevant conflict of interest.

DISCLOSURES

The opinions or assertations contained herein are the pri-
vate views of the authors and do not reflect the official
policy of the Department of the Army or Department of
Defense.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID
Megan A. Clarke (© https://orcid.
org/0000-0003-0435-7376

REFERENCES

1. Yoo W, Kim S, Huh WK, et al. Recent trends in racial and re-
gional disparities in cervical cancer incidence and mortality in
United States. PLoS ONE. 2017;12:€0172548.

2. Beavis AL, Gravitt PE, Rositch AF. Hysterectomy-corrected cer-
vical cancer mortality rates reveal a larger racial disparity in the
United States. Cancer. 2017;123:1044-1050.

3. United States Department of Health and Human Services CfDCaP.
National program of cancer registries SEER*Stat database: U.S.
cancer statistics incidence analytic file 1998-2017. June 2020.

4. Schiffman M, Wentzensen N. Human papillomavirus infection
and the multistage carcinogenesis of cervical cancer. Cancer
Epidemiol Biomarkers Prev. 2013;22:553-560.

5. Schiffman M, Doorbar J, Wentzensen N, et al. Carcinogenic human
papillomavirus infection. Nat Rev Dis Primers. 2016;2:16086.

6. Markowitz LE, Dunne EF, Saraiya M, et al. Human papillomavi-
rus vaccination: recommendations of the Advisory Committee
on Immunization Practices (ACIP). MMWR Recomm Rep.
2014;63:1-30.

7. Meites E, Kempe A, Markowitz LE. Use of a 2-dose sched-

ule for human papillomavirus vaccination—updated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Open Access.

recommendations of the advisory committee on immunization
practices. MMWR Morb Mortal Wkly Rep. 2016;65:1405-1408.
Curry SJ, Krist AH, Owens DK, et al. Screening for cervical can-
cer: US preventive services task force recommendation state-
ment. JAMA. 2018;320:674-686.

Fontham ETH, Wolf AMD, Church TR, et al. Cervical can-
cer screening for individuals at average risk: 2020 guideline
update from the American Cancer Society. CA Cancer J Clin.
2020;70(5):321-346.

Vidal AC, Smith JS, Valea F, et al. HPV genotypes and cervical
intraepithelial neoplasia in a multiethnic cohort in the south-
eastern USA. Cancer Causes Control. 2014;25:1055-1062.
Hariri S, Unger ER, Sternberg M, et al. Prevalence of genital
human papillomavirus among females in the United States,
the National Health And Nutrition Examination Survey, 2003—
2006. J Infect Dis. 2011;204:566-573.

Niccolai LM, Russ C, Julian PJ, et al. Individual and geographic
disparities in human papillomavirus types 16/18 in high-grade
cervical lesions: associations with race, ethnicity, and poverty.
Cancer. 2013;119:3052-3058.

Pinheiro M, Gage JC, Clifford GM, et al. Association of HPV35
with cervical carcinogenesis among women of African ances-
try: evidence of viral-host interaction with implications for dis-
ease intervention. Int J Cancer. 2020;147:2677-2686.

Saraiya M, Unger ER, Thompson TD, et al. US assessment of
HPV types in cancers: implications for current and 9-valent
HPV vaccines. J Natl Cancer Inst. 2015;107:djv086.

Risley C, Stewart MW, Geisinger KR, et al. STRIDES—
STudying Risk to Improve DisparitiES in Cervical Cancer in
Mississippi—design and baseline results of a Statewide Cohort
Study. Prev Med. 2021;153:106740.

Solomon D, Davey D, Kurman R, et al. The 2001 Bethesda
System: terminology for reporting results of cervical cytology.
JAMA. 2002;287:2114-2119.

Schiffman M, de Sanjose S. False positive cervical HPV screen-
ing test results. Papillomavirus Res. 2019;7:184-187.

Wagner S, Roberson D, Boland J, et al. Evaluation of TypeSeq, a
novel high-throughput, low-cost, next-generation sequencing-
based assay for detection of 51 human papillomavirus geno-
types. J Infect Dis. 2019;220:1609-1619.

Wagner S, Roberson D, Boland J, et al. Development of the
TypeSeq assay for detection of 51 human papillomavirus
genotypes by next-generation sequencing. J Clin Microbiol.
2019;57.

Hariri S, Unger ER, Powell SE, et al. Human papillomavirus
genotypes in high-grade cervical lesions in the United States. J
Infect Dis. 2012;206:1878-1886.

Centers for Disease Control. Youth Risk Behavior Surveillance
System (YRBSS).

Centers for disease control. TeenVaxView, 2021.

Keller MJ, Burk RD, Massad LS, et al. Racial differences in
human papilloma virus types amongst United States women
with HIV and cervical precancer. AIDS. 2018;32:2821-2826.
Montealegre JR, Peckham-Gregory EC, Marquez-Do D, et al.
Racial/ethnic differences in HPV 16/18 genotypes and integra-
tion status among women with a history of cytological abnor-
malities. Gynecol Oncol. 2018;148:357-362.

Kamineni A, Tiro JA, Beaber EF, et al. Cervical cancer
screening research in the PROSPR I consortium: rationale,


https://orcid.org/0000-0003-0435-7376
https://orcid.org/0000-0003-0435-7376
https://orcid.org/0000-0003-0435-7376

8650 .
—I—Wl LEY_Cancer Medicine _

26.

CLARKE ET AL.

methods and baseline findings from a US cohort. Int J Cancer.
2019;144:1460-1473.

Centers for Disease Control. Human papillomavirus (HPV)
vaccination coverage among adolescents 13-17 years by State,
HHS Region, and the United States, National Immunization
Survey-Teen (NIS-Teen), 2013; 2020.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Clarke MA, Risley C,
Stewart MW, et al. Age-specific prevalence of human
papillomavirus and abnormal cytology at baseline in
a diverse statewide prospective cohort of individuals
undergoing cervical cancer screening in Mississippi.
Cancer Med. 2021;10:8641-8650. doi:10.1002/
cam4.4340


https://doi.org/10.1002/cam4.4340
https://doi.org/10.1002/cam4.4340

