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Abstract

Introduction: Understanding whether human papillomavirus (HPV) may establish la-
tency in the uterine cervix is important. A better understanding of HPV natural his-
tory is useful for clinical counseling of women attending screening and to accurately
inform health prevention strategies such as screening and HPV vaccination. We eval-
uated the extent of latent HPV infections in older women with a history of abnormal
cytology.

Material and Methods: We conducted a cross-sectional study in Aarhus, Denmark,
from March 2013 through April 2015. Women were enrolled if they underwent cer-
vical amputation or total hysterectomy because of benign disease. Prior to surgery,
women completed a questionnaire and a cervical smear was collected for HPV testing
and morphological assessment. For evaluation of latency (i.e., no evidence of active
HPV infection, but HPV detected in the tissue), we selected women with a history
of abnormal cervical cytology or histology, as these women were considered at in-
creased risk of harboring a latent infection. Cervical tissue underwent extensive HPV
testing using the SPF10-DEIA-LipA25 assay.

Results: Of 103 women enrolled, 26 were included in this analysis. Median age was
55vyears (interquartile range [IQR] 52-65), and most women were postmenopausal
and parous. The median number of sexual partners over the lifetime was six (IQR
3-10), and 85% reported no recent new sexual partner. Five women (19.2%) had evi-
dence of active infection at the time of surgery, and 19 underwent latency evaluation.
Of these, a latent infection was detected in 11 (57.9%), with HPV16 being the most
prevalent type (50%). Nearly 80% (n =14) of the 18 women with a history of previ-
ous low-grade or high-grade cytology with no treatment had an active or latent HPV

infection, with latent infections predominating. HPV was detected in two of the six

Abbreviations: HPV, Human papillomavirus; HSIL, high-grade intraepithelial lesion; LSIL, low-grade intraepithelial lesion; ASC-H, atypical squamous cells of undetermined significance
- cannot exclude HSIL; PCR, polymerase chain reaction; FFPE, formalin-fixed paraffin-embedded; IQR, interquartile range; H&E, hematoxylin and eosin; CIN2+, cervical intraepithelial

neoplasia grade 2+.
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HPV vaccination.
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1 | INTRODUCTION

Human papillomavirus (HPV) is the most common sexually transmit-
ted infection and is causally related to cancer of the anogenital re-
gion, especially the cervix.! Upon infection, most individuals are able
to mount an effective immune response within 1-2years, resulting
in loss of HPV detectability from exfoliated cervical cell samples - a
phenomenon typically defined as viral clearance.>® However, clini-
cal studies with long-term follow-up have reported an increase in
HPV prevalence following immune suppressive treatment due to
organ transplantation* and recurrent HPV detectability among sex-
ually monogamous and sexually abstinent women.>¢ Others report a
dose-response relationship between decreasing CD4+ T-cell count/
increasing HIV viral load and increasing HPV incidence and preva-
lence, irrespective of sexual behavior.”® These findings suggest that
the natural history of cervical HPV infection is complex.

Animal studies have reported that the virus may be found in a
nonproductive phase in the basal cell layer of the epithelium after
lesion resolution and that these nonproductive infections can reac-
tivate upon iatrogenic immune suppression."”10 A limited number of
human studies have demonstrated evidence of focal HPV in cervical
tissues that is not detectable in normal exfoliated sampling.**2 This
suggests a similar process of basal cell HPV latency and reactivation
in the human cervix, though the extent of latent infection in women
with previous infection is unknown. Quantifying the probability that
clinically resolved HPV infection establishes latency in the human
uterine cervix is of great importance to accurately inform health
prevention initiatives such as HPV vaccination and cervical cancer

screening®®*

and for counseling of women attending cervical can-
cer screening.

We aimed to explore the extent of latent HPV infection among
older women with a history of abnormal cytology and to discuss the

potential clinical implications of these findings.

2 | MATERIAL AND METHODS

We conducted a cross-sectional study at the Department of

Obstetrics and Gynecology, Aarhus University Hospital, Denmark,

both as latent infections.

women with a history of high-grade cytology and subsequent excisional treatment,

Conclusions: HPV can be detected in cervical tissue specimens without any evidence
of an active HPV infection, indicative of a latent, immunologically controlled infec-
tion. Modeling studies should consider including a latent state in their model when

estimating the appropriate age to stop screening and when evaluating the impact of

gynecological pathology, human papillomavirus, molecular biology, uterine cervix, viral latency

Key message

Among women with a previous history of abnormal cervi-
cal cytology or histology, human papillomavirus can be de-
tected in the uterine cervix without any evidence of active

infection or disease, indicative of a latent state.

from March 1, 2013, through April 1, 2015. Women were eligible for
enrollment if they were scheduled to have their cervix removed, (i.e.,
cervical amputation or as part of total hysterectomy) unrelated to
epithelial abnormality of the cervix or cancer, were aged 250years,
were able to speak and understand Danish, and had no records of
histologically verified cervical dysplasia within 5years of surgery.

Information on basic demographics and medical and sexual be-
havior history was collected at enrollment via a self-administered
questionnaire. Dates and results of all previous cervical cytology
and histology samples were retrieved from the Danish Pathology
Databank, which was established in 1998 and collects information
on all cyto- and histopathological specimens at the individual level.?®

Prior to surgery, an exfoliated cell sample was collected from en-
rolled women. Samples underwent morphological assessment using
Focal Point™ (BD) and categorized according to the Bethesda classi-
fication system.'® Samples were tested for HPV using the US FDA-
approved clinical assay cobas® (Roche Diagnostics), which allows for
simultaneous detection of HPV 16 and 18 and pooled detection of
12 other high-risk HPV types. Cervical samples were processed at
the Department of Pathology, Randers, Denmark.

Immediately after surgery, the cervix was separated from the
uterine corpus, sliced open in the anterior wall, and fixated to a
Styrofoam plate covered with a sterile surgical glove, as illustrated
elsewhere.!* The specimen was fixed in formalin for a maximum of
24 h. At 1 day post-surgery, the cervix was cut in 2-3mm sections
using sterile utensils to avoid cross-contamination and embedded in
paraffin. From each formalin-fixed paraffin-embedded (FFPE) tissue
block, a hematoxylin and eosin (H&E) stained slide was evaluated by
an experienced gynecological pathologist (EM) at the Department of

Pathology, Aarhus University Hospital.
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Women were eligible for the present analysis if they had a record
of previous abnormal cytology or histology in the Danish Pathology
Databank but no record of histologically verified cervical dysplasia
within 5years of surgery. Low-grade disease was defined as a history
of atypical squamous cells of undetermined significance, low-grade
intraepithelial lesion, or cervical intraepithelial neoplasia grade 1
(CIN1), whereas high-grade disease was defined as a history of atyp-
ical squamous cells of undetermined significance - cannot exclude
high-grade intraepithelial lesion (ASC-H), high-grade intraepithelial
lesion, or CIN grades 2 or 3. We focused on women with a previ-
ous history of cervical dysplasia as we hypothesized that they were
more likely to have an active or latent infection detected, as pre-
viously demonstrated.!* Women were defined as having an active
infection if liquid-based cytology tested positive for HPV or they
had abnormal cytology or histology at the time of surgery. Women
without evidence of an active infection were eligible for evaluation
of HPV latency. If HPV was detected in tissue samples but without
evidence of an active infection, women were defined as having a
latent infection.

For 17 of the 19 women selected for latent HPV testing with
available tissue blocks, each tissue block was sectioned into six
sets; each set consisted of one section for H&E staining, three
sections for HPV testing, five sections for additional analyses, and
one section for H&E staining. Tissue sections for HPV testing un-
derwent macro dissection to allow targeted collection of epithelial
cells for analysis.!” Sections from three sets were pooled into one
tube, resulting in two HPV tests being performed on each block.
DNA extraction was performed using the QIAsymphony DSP DNA
mini kit (Qiagen) following the manufacturer's instructions at the
Department of Pathology, Aarhus University Hospital, Denmark.
The remaining two patients underwent more extensive testing, as
described previously.!*

HPV testing of tissue specimens was carried out using the SPF,,
polymerase chain reaction (PCR) followed by DEIA/LiPA,, version 1
at DDL Diagnostic Laboratory (Rijswijk, the Netherlands). The SPF
PCR-DEIA-LiPA,, version 1 assay is highly sensitive and allows qual-
itative identification of the following HPV genotypes: 6, 11, 16, 18,
31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66,
68/73, 70, and 74. Additionally, cervical cytology specimens from
women for whom tissue testing indicated HPV-positive results were
retested using the SPF, ) PCR-DEIA-LiPA,;, version 1 system to con-
firm cobas® negative results.

To avoid cross-contamination during sectioning, utensils were
carefully cleaned with 1% sodium dodecyl sulphate and 99% etha-
nol between each block. Controls were incorporated as follows: (a)
Sectioning included cutting an empty paraffin block between each
patient, (b) PCR included two negative and one positive control, and
(c) DEIA included a negative, a borderline (to establish the cut-off
for positivity), and a positive control. All controls were tested using
the DEIA.

The frequency and proportions of HPV detection in exfoliated
and tissue samples are presented, stratified by screening and treat-
ment history.

2.1 | ETHICAL APPROVAL

The study was approved by the Central Denmark Region Ethics
Committee (1-10-72-432-12) and the Danish Data Protection
Agency (1-16-02-211-12) on March 7, 2013. All women signed an
informed consent form before enrollment.

3 | RESULTS

A total of 103 women were enrolled and completed all study pro-
cedures, 26 of whom were included for analysis. According to the
most severe prior abnormality, 11 (42.3%) women had documented
low-grade disease, nine (34.6%) had prior high-grade disease with-
out treatment, and six (23.1%) had prior high-grade disease with
subsequent excisional treatment (Figure 1). Women included were
predominately postmenopausal (median age 55years; interquar-
tile range [IQR] 52-65), and the majority of women were parous
and had previously used oral contraceptives (Table 1). The me-
dian age of sexual debut was 17 years (IQR 15-18), and the me-
dian number of lifetime sexual partners was six (IQR 3-10). Only
four women (15.4%) reported having had a new sexual partner in
their current decade. We found no meaningful difference in basic
characteristics between these 26 women and all women enrolled,
except for differences in previous history of cervical dysplasia and
the proportion of women reporting more than five sexual partners
in a lifetime.

Of the 26 women included, five (19.2%) had evidence of active
infection at the time of surgery (Figure 2). Two women were posi-
tive for non-HPV16/18 HPV types, one had atypical squamous cells
of undetermined significance - cannot exclude high-grade intraep-
ithelial lesion (cytology), one had high-grade intraepithelial lesion
(cytology), and one had low-grade intraepithelial lesion (cytology)
in combination with non-HPV16/18 HPV types. In women with
prior low-grade disease or high-grade disease without treatment,
three (27.3%) and two (22.2%), respectively, had evidence of active
infection. No women with previously treated high-grade cytology
had active HPV infection detected. Of women with active infection,
one reported having had a new sexual partner, two reported no new
partner, and two did not reply. All women had more than five sexual
partners over their lifetime.

A total of 21 women were eligible for latency testing. Tissue
blocks could not be retrieved in two women, leaving 19 women for
evaluation. HPV was detected in the cervical tissue of 11 women
(57.9%), indicative of latency. For 17 of the 19 women, a total of
161 tissue blocks were available for testing, resulting in nearly 20
HPV analyses for each woman. Of 305 HPV analyses completed,
16 (5.2%) were positive for HPV. The remaining two women were
previously tested using more extensive sampling as previously de-
scribed.'* Of 428 HPV analyses completed, 15 (3.5%) were posi-
tive for HPV.

Half of the HPV-positive PCR tests were positive for HPV16, and
HPVé6 was detected in two (12.5%). HPV18, HPV33, HPV56, and
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Women scheduled for
removal of the cervix
(n=147)

Excluded
Did not want to participate (n = 6)
Did not speak/understand Danish (n = 3)
Operated in another hospital (n = 1)

Women enrolled

\

Surgery cancelled (n=7)
Missed cases (n = 19)
Did not complete questionnaire (n=3)
HPV test not performed (n=2)

(n=103)
Excluded
»| No previous record of cervical dysplasia
(n=77)
\

Women with a history of
cervical dysplasia (n=26)

Previous low-grade Previous high-grade
disease, untreated disease, untreated
(n=11) (n=9)

Previous high-grade
disease, surgically
treated
(n=6)

FIGURE 1 Flowchart of women included in the present analysis. HPV, human papillomavirus

HPV66 were each detected in one PCR test (5%). An additional two
PCR tests were positive on the DEIA, but the specific genotype was
not identified. The number of positive HPV test results per woman
ranged from one to four. HPV16, HPV18, and HPVé66 was detected
in separate blocks for one woman. No single tissue section con-
tained multiple HPV types. One of the controls, derived from a clean
paraffin block, tested positive for HPV 16, but the same genotype
was not detected in the adjacent tissue specimen (HPV33).

Among women with samples undergoing latency testing,
the prevalence of latent infection was highest in those with prior

low-grade cytology (4/6; 66.7%) and women with prior high-grade
cytology and no excisional treatment (5/7; 71.4%) (Figure 2). Women
with prior high-grade cytology and subsequent excisional treatment
were less likely to have HPV detected in tissue (2/6; 33.3%). Among
the women with evidence of latent HPV infection, two (18.2%) re-
ported having a new sexual partner and four (36.4%) reported hav-
ing five or more sexual partners over their lifetime (data not shown).

We retested liquid-based cytology samples from women with
HPV-positive tissue samples using the SPF10-PCR-DEIA-LiPA25
HPV assay. One cobas-negative liquid-based cytology sample tested
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TABLE 1 Basic characteristics of all women enrolled and women

with a previous history of cervical dysplasia

Variable

Age at enrolment
Age at sexual debut

Number of sexual partners in a
lifetime

Parity
Surgery
Total hysterectomy
Cervical amputation
Currently married
Yes
No
Missing
Children
Yes
No
Missing
Education (college degree or
higher)
Yes
No
Missing
Smoking (current or previous)
Yes
No
Missing
Medication (any)
Yes
No
Missing
Postmenopausal
Yes
No
Missing
HPV vaccination
Yes
No
Missing
Previous use of oral
contraceptives
Yes
No
Missing
Previous or current hormonal
replacement therapy

Yes

All women
enrolled
(n=103)

56 (52-67)
17 (16-19)
5(3-11)

2(2-3)

88(85.4)
15 (14.6)

62 (60.2)
40(38.8)
1(1.0)

94 (91.3)
8(7.8)
1(1.0)

56 (54.4)
45 (43.7)
2(1.9)

50 (48.5)
51 (49.5)
2(1.9)

69 (67.0)
33(32.0)
1(1.0)

67 (65.1)
36(35.0)
0(0)

4(3.9)
97 (94.2)
2(1.9)

72 (69.9)
30(29.1)
1(1.0)

26(25.2)

Women with
previous cervical
dysplasia (n = 26)

55 (52-65)
17 (15-18)
6(3-10)

2(2-3)

22 (84.6)
4(15.4)

13 (50.0)
12 (46.2)
1(3.9)

25(96.2)
1(3.9)
0(0)

14 (53.9)
11 (42.3)
1(3.9)

14 (53.9)
11 (42.3)
1(3.9)

14 (53.9)
11 (42.3)
1(3.9)

17 (65.4)
9 (34.6)
0(0)

2(7.7)
23(88.5)
1(3.9)

16 (62.5)
9 (34.6)
1(3.9)

3(11.5)

TABLE 1 (Continued)

All women Women with
enrolled previous cervical
Variable (n =103) dysplasia (n = 26)
No 72 (69.9) 20(76.9)
Missing 5(4.9) 3(11.5)
Age at sexual debut
<17 years 35(34.0) 11 (42.3)
217 years 68 (66.0) 15 (57.7)
Missing 0(0) 0(0)
Number of sexual partners in a
lifetime
<5 48 (46.6) 3(18.8)
25 54 (52.4) 13 (81.3)
Missing 1(1.0) 0 (0)
History of genital warts
(self-reported)
Yes 13 (12.6) 4(15.4)
No 89 (86.4) 22 (84.6)
Missing 1(1.0) 0 (0)
History of abnormal cervical
cytology or histology?®
Low grade 10(9.7) 11 (42.3)
High grade 15 (14.6) 15 (57.7)
Normal 78 (75.7) 0(0)
Previous excisional treatment
of the cervix
Yes 6(5.8) 6(23.1)
No 97 (94.2) 15(57.7)
Missing 0(0) 0(0)

Note: Data are presented as median (interquartile range) or n (%).

Abbreviations: HPV, human papillomavirus; HSIL, high-grade
intraepithelial lesion.

#Record of abnormal cervical cytology or histology in the Danish
National Pathology Databank. Low grade refers to a history of atypical
squamous cells of undetermined significance, low-grade squamous
intraepithelial lesion, or cervical intraepithelial neoplasia grade 1. High
grade refers to high-grade squamous intraepithelial lesion, atypical
squamous cells - cannot exclude high-grade squamous intraepithelial
lesion, adenocarcinoma in situ, or cervical intraepithelial neoplasia
grades 2 and 3.

positive by DEIA, but we were unable to determine the genotype.
Results from the remaining 10 women were confirmed as HPV
negative.

4 | DISCUSSION

In our study, we found that 19.2% (n = 5) of older women with a
previous history of cervical dysplasia had evidence of active HPV in-
fection at the time of surgery, and latent HPV was detected in 57.9%
(n = 11) of women undergoing evaluation of latency. Although the
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FIGURE 2 Active and latent human papillomavirus (HPV) infections among women aged =50years with a previous history of cervical
abnormality. Active infection is defined as women with HPV-positive results on liquid-based cytology and/or who had atypical squamous
cells of undetermined significance or worse detected on cytology and/or who had koilocytosis or cervical intraepithelial neoplasia grade 1 or
worse detected on histology at the time of surgery. Latent infection is defined as no evidence of active HPV infection but HPV detected in

the cervical tissue

sample size was very small, women with a history of excisional treat-
ment were less likely to have HPV detected (active and latent) than
were women without this treatment.

Measurement of an individual's HPV status in both clinical and
epidemiological studies is typically based on detection of HPV DNA
from an exfoliated cell sample. This sample is insufficient for deter-
mination of the presence of immunologically controlled (latent) HPV
infection, as there is no viral replication and therefore no shedding
of viral particles.”*° Although immunologically controlled infections
(i.e., HPV-DNA-negative cervical cytology samples) pose low im-
mediate risk of CIN2+,'8 loss of immune control may lead to viral
reactivation and subsequent development of cervical precancer,
as has been observed following iatrogenic immune suppression of
transplant patients and following HIV infection.*”® Evidence for
HPV DNA in full-thickness cervical tissue that is not detected from
exfoliated samples has been previously described.!! In this report,
we sought to expand this anecdotal evidence by estimating the pro-
portion of women with previous cervical dysplasia harboring unde-
tectable, controlled (latent) HPV infections.

Because our prior work showed that the tissue distribution of
controlled latent infection is likely limited and extremely focal,* for
efficiency we focused this evaluation of latent HPV infection on
women with a national registry-confirmed history of cytological or
histological abnormality. Our results suggest that over two-thirds of
women with a history of any abnormality, particularly those who went
untreated, harbored HPV infections, the majority of which were only

detectable as latent infection and likely reflected controlled infection.
Previous studies have shown that women without detectable HPV in
screening are adequately controlling infections and are at a low risk of
cervical precancer and cancer at least for the next 5years.'® However,
given that immunologic control of HPV (or latency) is a reversible
state, in contrast to immune clearance, our data may suggest that
guidelines recommending the age and conditions under which women
may be safely exited from cervical screening be reconsidered. Current

guidelines from the United States'”2°

recommend against screening
in women aged >65years if (a) their last three consecutive cytology
tests in the past 10years were negative or their last two consecutive
HPV tests were negative and (b) they have not been diagnosed with
CIN2+ in the past 25years. Given the results presented here, a major-
ity of women without histologically confirmed disease but a history of
positive cervical cytology or histology may be exiting screening with
latent HPV. Immunosenescence of aging, as well as increasing comor-
bidities and medication use in older women, might be expected to
result in reversal of immune control (i.e., HPV reactivation) in at least
a proportion of these women after exiting routine screening. These
findings may suggest a need to also include previous low-grade dis-
ease as a screening exit criterion. However, this may prove to be dif-
ficult as not all countries have a national pathology register, so some
clinicians must rely on the woman's ability to recall previous screening
test results.

Given the transitioning to HPV-based screening, our under-
standing of age-specific HPV natural history and cervical cancer risk
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is evolving. New HPV detection can occur at all ages, but an increas-
ing proportion of newly detected HPV in women aged >40years
represents recurrent detection of a previously acquired infection,
not a newly acquired infection®®?%?2, We emphasize that, al-
though incident detection of HPV is often lower at older ages in
well-screened populations, the proportion of newly HPV-positive
women ultimately diagnosed with high-grade lesions or cancer is
similar across all ages.?® In fact, recent studies performing diagnos-
tic excision in older women with persistent HPV infection in the ab-
sence of cytological abnormalities found a significant prevalence of
underlying CIN2+,%* suggesting that the risk of precancer in older
women may be underestimated. Gilham et al?® highlighted that 40%
of cancers in the UK diagnosed after the age of 65years occurred
in women who had regular screening and were appropriately ex-
ited from the screening program. Clinical HPV tests set viral load
detection thresholds to optimize the sensitivity and specificity for
CIN2+ detection, which was largely driven by precancers diagnosed
in younger women. These data, as well as the possible differences
in viral replication capacity in atrophied epithelium, suggest that a
more sensitive HPV test may be needed to safely exit women from
screening.

The persistent risk of precancer and cancer across the lifes-
pan described is particularly concerning given evidence that older
women are screened less frequently,?® may be more likely to actively
decide not to screen,?® and are more likely to perceive a lower risk of
cervical cancer because of their current sexual activity.>%¢

Finally, because routine HPV testing has only relatively recently
been initiated on a population level, we rely heavily on simulation
models to set policy decisions for older women, such as those re-
garding age to exit screening and cost effectiveness of vaccina-
tion.*>'??” To our knowledge, only one model specifically included a
latent-reactivated infection transition state,'* and this demonstrated
substantially lower vaccine efficacy in previously exposed women
compared with models that did not include latency. Time series study
designs such as those proposed for younger women?® are needed
across diverse age groups to accurately inform model assumptions
about the source and determinants of fluctuating HPV detection.’

A major limitation of the present study was the low sample
size, which precludes a formal statistical analysis. Thus, results
should be interpreted with caution. As we tested a selected group
of women considered at increased risk of testing positive, we can-
not infer that the observed prevalence reflects the true burden of
HPV latency in a general population. To obtain an accurate prev-
alence of true latency, an intensive sampling is required,** and we
only tested a small fraction of the uterine cervix compared with
previous work.!! Thus, we cannot rule out that the prevalence
observed in the current study would have been higher had we
analyzed the entire cervix in all women. The use of FFPE tissue
may have resulted in a lower detection rate as the FFPE process
is known to affect PCR performance.29 However, for this study,
a lower detection rate is not likely as the SPF10-PCR amplifies a
fragment of only 65 base pairs and has been shown to have equal

HPV detection rates when comparing smears and FFPE tissue
taken from the same women.3° Pooling of tissue from three sets
into one tube may have diluted a latent infection below detect-
able levels. Yet, our findings clearly demonstrate that HPV can be
detected in the cervical epithelium with no evidence of an active
infection, suggesting a latent state. Strengths include the use of
a very sensitive PCR-based HPV assay and use of sterile utensils
throughout the entire process, limiting the risk of contamination.
Unfortunately, one of the controls tested positive for HPV16,
which may suggest cross-contamination during sectioning or
macro dissection. However, the same genotype was not found in
the adjacent tissue slide.

5 | CONCLUSION

HPV can be detected in the cervix without any evidence of an
active infection, indicative of viral latency. A better understand-
ing of risk factors associated with loss of immunologic control and
subsequent redetection is needed and may enable the creation
of targeted intervention strategies. Moreover, modeling studies
should carefully consider including a latent state when estimating
the effectiveness of HPV vaccination and the appropriate age at
which to exit screening.
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