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Abstract: The carcinogenicity of HPV infection in the anogenital and oropharyngeal regions is broadly
accepted. The aim of the study was to define risk factors for anal and oral HPV infections in high-risk
patients with biopsy-proven severe cervical lesions (CIN2+). Altogether immunocompetent 473 females
with CIN2+ were categorized into the study group and another 245 women into the control group.
The strongest risk factor for anal HPV infection was the presence of cervical HPV infection (p < 0.001).
Furthermore, ten or more lifetime sexual partners (p = 0.013), a sexual non-coital contact with the
anal area (p < 0.001), and actively practicing anal-penetrative intercourse (p < 0.001) were significantly
associated with anal HPV. A history of genital warts in the woman (p = 0.010) and the presence of genital
warts in the male partner (p = 0.029) were found statistically significant for the risk of oral HPV infection.
Our data suggest that the presence of HPV infection, especially high-risk genotypes, in one anatomical
site poses the greatest risk for HPV infection in another anatomical site. The cervix is the main reservoir
of infection, but the risk factors for anal and oral HPV infections are dissimilar according to different
anatomical distances and more complex routes of transmission.
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1. Introduction

Human papillomavirus (HPV) infection is broadly accepted to be the most common
sexually transmitted infection worldwide [1]. HPV can cause a substantial proportion
of benign, premalignant, and malignant tumors in the anogenital and oropharyngeal
regions [1]. The total number of HPV-related cancers has been globally estimated to include
approximately 4.5% of all human cancers every year but 8.6% in women and 0.8% in
men [2,3]. In 2018, the age-standardized global incidence of HPV-related cancers was
estimated at 8.0 per 100,000 persons [2]. An estimated 690,000 new HPV-associated cancers
occurred worldwide in 2018 [2]. Cervical cancer accounts for 83% of all HPV-attributable
cancers, two-thirds of which occur in less-developed countries [2,3]. Cervical cancer is
the fourth most frequently diagnosed cancer in women, with an estimated 604,000 new
cases and 342,000 deaths worldwide in 2020 [4]. HPV infection is responsible for almost all
cervical cancers and for approximately 88% of anal and 38% of oropharyngeal cancers [3].
While cervical cancers occur mainly in developing countries, the increasing prevalence
of HPV-related head and neck cancers is a greater problem in developed countries. The
global prevalence of cervical HPV infection in the general population of women with
normal cervical cytology has been estimated to be 10–12%, with a significantly higher
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rate in Eastern Europe (21%) [1,5]. The prevalence of anal HPV infection in women is
higher than in heterosexual men. Large studies have found a prevalence of anal HPV
infection in 27–31% of healthy sexually active women [6–9]. On the other hand, the overall
prevalence of oral HPV infections in the healthy European population ranges widely from
1.2–11.6% [10]. Every anatomical site has different risk factors for the prevalence of HPV
infections. Various practices of risky sexual behavior, unhealthy lifestyle, and alcohol and
tobacco use are most often mentioned [1,5–9]. The knowledge about risk factors for HPV
infections at different anatomical localizations is essential for the definition of particular
risks for developing HPV-associated malign and benign lesions. The aim of our study was
to define risk factors for the presence of anal and oral HPV infections in high-risk patients
with biopsy-proven severe cervical lesions. Such a study has not yet been performed
until now.

2. Materials and Methods
2.1. Patients

A total of 718 females were recruited from patients attending one of the participating
university-based colposcopy clinics collaborating with the First Medical School of Charles
University in Prague. Women were familiarized with the study protocol, and they were
excluded if they were HIV-positive, pregnant, or unable to give informed consent. First,
an anonymous self-administered questionnaire including questions about age, education,
social status, marital status, sexual behavior (including unprotected vaginal, non-coital
contact to anus, anal intercourse, and oral sex), reproductive history, use of hormones,
smoking habits, medical history, and family history was administered. The cervical, anal,
and oral samples for the HPV-genotyping test of the same patient were obtained at the same
time. The study group consisted of high-risk women with histologically proven high-grade
squamous or glandular intraepithelial lesion or microinvasive cervical cancer (cervical
intraepithelial neoplasia grade two or worse, CIN2+). The control group represented
low-risk women without CIN2+. The study was approved by the Local Ethical Committee
under judgement’s reference number 1862012/6233/EK-Z.

2.2. HPV Detection and Genotyping

Cytobrush smears from the cervix or from the anus and oral rinses with sterile distilled
water for 30 s were used to collect each sample. Each cytobrush was immersed, and each
oral rinse was placed in a different vial containing Cobas PCR Cell Collection medium
to allow cell transport and preservation of cells. The Linear Array HPV Genotyping Test
(Roche Molecular Systems, Inc., Branchburg, NJ, USA) was subsequently used according
to the producer’s instructions to identify DNA from 37 HPV genotypes that included
13 high-risk (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) and 24 low-risk types
(HPV 6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and
CP6108).

2.3. Histopathology

All biopsy specimens submitted for histological assessment were routinely examined
in their entirety. Sections from the formalin-fixed and paraffin-embedded tissue fragments
were stained with hematoxylin–eosin. Histological grading of high-grade dysplasia was
based on the standard criteria.

2.4. Statistics

The standard robust summary statistics were applied to describe primary data, abso-
lute and relative frequencies for categorical variables, and median as supplied with the
5th–95th percentile range for continuous variables. The statistical significance of differences
between the group of subjects with anal or oral HPV infections and the group of subjects
without anal or oral HPV infections was tested in categorical variables using Fisher’s
exact test; an exact Monte Carlo method with 100,000 samples was applied to estimate the
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significance of differences in variables with more than two categories. The Mann–Whitney
U-test was applied to test the differences in continuous variables. Age-adjusted logistic
regression analysis was used for the assessment of the association between various risk
factors and defined end-points related to different types of HPV infection. The results
are represented as estimates of odd ratios (OR, along with 95% confidence interval) with
corresponding statistical significance (Wald’s test). All analyses were performed using
SPSS 24.0.1 (IBM Corporation, New York, NY, USA, 2016).

3. Results

The entire cohort included a total of 718 immunocompetent women. Altogether high-
risk 473 females (175 with confirmed CIN 2, 254 with CIN 3, and 44 with microinvasive
cervical cancer) were categorized into the study group and low-risk 245 women into
the control group. Table 1 shows the demographic characteristics of the whole studied
population with some statistically significant differences between both groups.

Table 1. The demographic, social, and medical characteristics of the whole studied population.

Characteristics
Low-Risk Group High-Risk Group

p 1
N = 245 N = 473

Age (years) 40.0 (25.0; 62.0) 33.0 (23.0; 58.0) <0.001

Number of pregnancies 2.0 (0.0; 5.0) 1.0 (0.0; 4.0) <0.001

Number of deliveries 2.0 (0.0; 3.0) 1.0 (0.0; 3.0) <0.001

Contraception and hormone use Not used 160 (65.3%) 252 (53.3%)

<0.001
Combined oral contraception 63 (25.7%) 192 (40.6%)
Inserted IUD 12 (4.9%) 22 (4.7%)
Progestins-only pills 1 (0.4%) 4 (0.8%)
HRT 9 (3.7%) 3 (0.6%)

Autoimmune diseases Ne 214 (88.1%) 429 (91.3%)
0.185Ano 29 (11.9%) 41 (8.7%)

Smoking (packs per week) 0 169 (69.0%) 257 (54.3%)
<0.0011–2 37 (15.1%) 90 (19.0%)

3 and more 39 (15.9%) 126 (26.6%)

History of genital warts
Never 191 (78.0%) 386 (81.8%)

0.432In partner only 38 (15.5%) 59 (12.5%)
Yes 16 (6.5%) 27 (5.7%)

Sexual debut <16 years 33 (13.5%) 103 (21.8%)
0.01616–17 years 128 (52.2%) 238 (50.3%)

18 and more years 84 (34.3%) 132 (27.9%)

Lifetime sexual partners 1–2 45 (18.4%) 47 (10.0%)
0.0063–9 142 (58.0%) 313 (66.3%)

10 and more 58 (23.7%) 112 (23.7%)

Unprotected vaginal intercourse Never 25 (10.2%) 44 (9.3%)
0.505Sometimes 146 (59.6%) 303 (64.1%)

Always 74 (30.2%) 126 (26.6%)

Sexual non-coital contact with the
anus

Never 88 (36.1%) 139 (29.6%)
0.201Sometimes 117 (48.0%) 243 (51.7%)

Often/always 39 (16.0%) 88 (18.7%)

Anal-penetrative intercourse Never 175 (71.4%) 283 (59.8%)
<0.001Sometimes 64 (26.1%) 187 (39.5%)

Often/always 6 (2.4%) 3 (0.6%)

Education Elementary 72 (29.4%) 138 (29.4%)
0.900High school 108 (44.1%) 200 (42.6%)

University 65 (26.5%) 132 (28.1%)
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Table 1. Cont.

Characteristics
Low-Risk Group High-Risk Group

p 1
N = 245 N = 473

History of conization during last
year

No 231 (94.7%) 456 (96.4%)
0.325Yes 13 (5.3%) 17 (3.6%)

Active practicing of oral sex Never 22 (15.2%) 28 (9.3%)
0.188Sometimes 90 (62.1%) 201 (67.0%)

Often/always 33 (22.8%) 71 (23.7%)

HPV vaccination No 140 (97.2%) 279 (95.5%)
0.599Yes 4 (2.8%) 13 (4.5%)

Cervical HPV infection No 179 (73.1%) 87 (18.6%)
<0.001Yes 66 (26.9%) 382 (81.4%)

Not known 0 (0.0%) 4 (0.8%)

Anal HPV infection No 182 (75.5%) 245 (56.7%)
<0.001Yes 59 (24.5%) 187 (43.3%)

Not known 4 (1.6%) 41 (8.7%)

Oral HPV infection No 140 (98.6%) 288 (97.3%)
0.511Yes 2 (1.4%) 8 (2.7%)

Not known 103 (42.0%) 177 (37.4%)
1 p-value of Fisher’s exact test. HRT = hormonal replacement therapy.

HPV infection was detected in 62.7% (448/714) of cervical, 36.6% (246/673) of anal,
and 2.3% (10/438) of oral samples sufficient for HPV testing. The prevalence of cervical
(81.4% vs. 26.9%; p < 0.001) and anal (43.3% vs. 24.5%; p < 0.001) HPV infection was
significantly higher in the study group than in the control group, but the difference in the
prevalence of oral (2.7% vs. 1.4%; p = 0.511) HPV infection was not statistically significant
between the two groups. HPV infection was not detected in any anatomical site in 9.5%
(45/473) of subjects in the study group and in 34.3% (84/245) of the controls (p < 0.001).

The prevalence of HPV infections at different anatomical sites, including concurrent
infections, with p-value between groups is shown in Chart 1.

The observed risk factors for the prevalence of anal and oral HPV infections were
dissimilar for different anatomical sites. The strongest risk factor for the prevalence of anal
HPV infection was the presence of cervical HPV infection (p < 0.001).

There were determined to be three strong risk factors for the prevalence of anal HPV
infection: ten or more lifetime sexual partners (p = 0.013), report of a sexual non-coital contact
with the anal area (p < 0.001), and active practice of anal-penetrative intercourse (p < 0.001).
Women reporting hormone use (p = 0.028) or smoking (p = 0.046) were significantly associated
with anal HPV infection, too. On the other hand, a history of more than two pregnancies
(p = 0.045) and more than one delivery (p = 0.013) and age > 50 years (p = 0.048) were
statistically significant protective factors for the prevalence of anal HPV infection (Table 2).

We defined three statistically significant risk factors for oral HPV infection, but there
were only eight oral HPV infections among high-risk women. However, HR genotypes
were detected in all HPV-positive oral samples of patients with CIN2+. A history of genital
warts in the woman (p = 0.010) and also the presence of genital warts in the male partner
(p = 0.029) were found statistically significant for the prevalence of oral HPV infection.
Surprisingly, at least one pregnancy (p = 0.005) but no history of a delivery was detected as
a significant risk factor for oral HPV (Table 3).
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Table 2. Risk factors for the presence of anal HPV infection among women with CIN2+.

Anal HPV
NOT Detected

Anal HPV
Present p 1 OR (95% IS) p

N = 245 N = 187

Age (years)
≤30 83 (33.9%) 80 (42.8%)

0.095
Ref.

31–50 136 (55.5%) 95 (50.8%) 0.725 (0.484; 1.085) 0.118
>50 26 (10.6%) 12 (6.4%) 0.479 (0.213; 0.989) 0.048

Number of
pregnancies

0 80 (32.7%) 74 (39.6%)

0.169

Ref.
1 43 (17.6%) 28 (15.0%) 0.704 (0.398; 1.246) 0.229
2 53 (21.6%) 47 (25.1%) 0.959 (0.579; 1.587) 0.870
3 and more 69 (28.2%) 38 (20.3%) 0.595 (0.359; 0.988) 0.045

Number of deliveries
0 91 (37.1%) 86 (46.0%)

0.034
Ref.

1 54 (22.0%) 47 (25.1%) 0.921 (0.564; 1.503) 0.742
2 and more 100 (40.8%) 54 (28.9%) 0.571 (0.367; 0.890) 0.013

Contraception and
hormone use

Not used 141 (57.6%) 93 (49.7%)

0.028

Ref.
Oral contraception 89 (36.3%) 84 (44.9%) 1.431 (0.962; 2.128) 0.077
Inserted IUD 14 (5.7%) 5 (2.7%) 0.541 (0.189; 1.554) 0.254
Progestins pills 1 (0.4%) 2 (1.1%) 3.032 (0.271; 33.920) 0.368
HRT 0 (0.0%) 3 (1.6%) - -

Autoimmune
diseases

No 223 (91.0%) 168 (89.8%)
0.611

Ref.
Yes 20 (8.2%) 18 (9.6%) 1.195 (0.613; 2.329) 0.602

Smoking (packs per
week)

0 140 (57.1%) 100 (53.5%)
0.046

Ref.
1–2 49 (20.0%) 26 (13.9%) 0.743 (0.433; 1.275) 0.281
3 and more 56 (22.9%) 61 (32.6%) 1.525 (0.978; 2.378) 0.063

History of genital
warts

Never 202 (82.4%) 153 (81.8%)
0.889

Ref.
In partner only 29 (11.8%) 22 (11.8%) 1.002 (0.554; 1.812) 0.996
Yes 13 (5.3%) 12 (6.4%) 1.219 (0.541; 2.746) 0.633

Sexual debut <16 years 47 (19.2%) 48 (25.7%)
0.277

Ref.
16–17 years 126 (51.4%) 89 (47.6%) 0.692 (0.426; 1.124) 0.136
18 and more years 72 (29.4%) 50 (26.7%) 0.680 (0.396; 1.167) 0.162

Lifetime sexual
partners 1–2 29 (11.8%) 12 (6.4%)

0.032
Ref.

3–9 166 (67.8%) 121 (64.7%) 1.762 (0.864; 3.591) 0.119
10 and more 49 (20.0%) 54 (28.9%) 2.663 (1.226; 5.786) 0.013

Unprotected vaginal
intercourse

Never 20 (0.8%) 22 (11.8%)
0.014

Ref.
Sometimes 147 (60.0%) 128 (68.4%) 0.792 (0.413; 1.517) 0.481
Always 78 (31.8%) 37 (19.8%) 0.431 (0.210; 0.887) 0.022

Sexual non-coital
contact with the anus

Never 95 (38.8%) 36 (19.3%)
<0.001

Ref.
Sometimes 107 (43.7%) 111 (59.4%) 2.738 (1.717; 4.365) <0.001
Often/always 41 (16.7%) 39 (20.9%) 2.510 (1.402; 4.495) 0.002

Anal-penetrative
intercourse

Never 165 (67.3%) 93 (49.7%)
<0.001

Ref.
Sometimes 78 (31.8%) 93 (49.7%) 2.115 (1.427; 3.137) <0.001
Often/always 2 (0.8%) 1 (0.5%) 0.887 (0.079; 9.915) 0.923

Education Elementary 68 (27.8%) 61 (32.6%)
0.097

Ref.
High school 94 (38.4%) 82 (43.9%) 0.972 (0.617; 1.533) 0.904
University 80 (32.7%) 44 (23.5%) 0.613 (0.370; 1.016) 0.057

History of conization
during last year

No 236 (96.3%) 180 (96.3%)
0.999

Ref.
Yes 9 (3.7%) 7 (3.7%) 1.020 (0.373; 2.790) 0.970

Active practicing of
oral sex Never 16 (6.5%) 8 (4.3%)

0.664
Ref.

Sometimes 112 (45.7%) 68 (36.4%) 1.214 (0.493; 2.988) 0.673
Often/always 37 (15.1%) 28 (15.0%) 1.514 (0.568; 4.035) 0.407
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Table 2. Cont.

Anal HPV
NOT Detected

Anal HPV
Present p 1 OR (95% IS) p

N = 245 N = 187

HPV vaccination No 150 (61.2%) 98 (52.4%)
0.769

Ref.
Yes 8 (3.3%) 4 (2.1%) 0.765 (0.224; 2.610) 0.669

Oral HPV infection
No 159 (98.1%) 98 (95.1%)

0.268
Ref.

Yes 3 (1.9%) 5 (4.9%) 2.704 (0.632; 11.566) 0.180

Cervical HPV
infection

No 63 (25.9%) 17 (9.2%)
<0.001

Ref.
Yes 180 (74.1%) 168 (90.8%) 3.459 (1.945; 6.150) <0.001

1 p-value of Fisher’s exact test. HRT = hormonal replacement therapy.
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Table 3. Risk factors for the presence of oral HPV infection among women with CIN2+.

Oral HPV NOT
Detected

Oral HPV
Present p 1 OR (95% IS) p

N = 288 N = 8

Age (years)
≤30 102 (35.4%) 4 (50.0%)

0.442
Ref.

31–50 161 (55.9%) 3 (27.5%) 0.475 (0.104; 2.167) 0.336
>50 25 (8.7%) 1 (12.5%) 1.020 (0.109; 9.529) 0.986

Number of
pregnancies

0 101 (35.1%) 1 (12.5%)

0.005

Ref.
1 46 (16.0%) 5 (62.5%) 10.978 (1.247; 96.648) 0.031
2 69 (24.0%) 2 (25.0%) 2.928 (0.260; 32.919) 0.384
3 and more 72 (25.0%) 0 (0.0%) - -

Number of deliveries
0 116 (40.3%) 3 (27.5%)

0.109
Ref.

1 60 (20.8%) 4 (50.0%) 2.578 (0.559; 11.893) 0.225
2 and more 112 (38.9%) 1 (12.5%) 0.345 (0.035; 3.369) 0.360
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Table 3. Cont.

Oral HPV NOT
Detected

Oral HPV
Present p 1 OR (95% IS) p

N = 288 N = 8

Contraception and
hormone use

Not used 165 (57.3%) 5 (62.5%)

0.999

Ref.
Oral contraception 102 (35.4%) 3 (27.5%) 0.971 (0.227; 4.148) 0.968
Inserted IUD 18 (6.3%) 0 (0.0%) - -
Progestins pills 1 (0.3%) 0 (0.0%) - -
HRT 2 (0.7%) 0 (0.0%) - -

Autoimmune diseases
No 277 (96.2%) 6 (75.0%)

0.255
Ref.

Yes 11 (3.8%) 1 (12.5%) 4.197 (0.465; 37.919) 0.202

Smoking (packs per
week)

0 161 (55.9%) 6 (75.0%)
0.484

Ref.
1–2 56 (19.4%) 0 (0.0%) - -
3 and more 71 (24.7%) 2 (25.0%) 0.756 (0.149; 3.837) 0.736

History of genital
warts

Never 232 (80.6%) 5 (62.5%)
0.029

Ref.
In partner only 0 (0.0%) 2 (15.0%) - -
Yes 19 (6.6%) 3 (27.5%) 7.326 (1.625; 33.026) 0.010

Sexual debut <16 years 64 (22.2%) 1 (12.5%)
0.512

Ref.
16–17 years 143 (49.7%) 6 (75.0%) 2.685 (0.317; 22.765) 0.365
18 and more years 81 (28.1%) 1 (12.5%) 0.790 (0.048; 12.878) 0.869

Lifetime sexual
partners 1–2 24 (8.3%) 1 (12.5%)

0.848
Ref.

3–9 191 (66.3%) 5 (62.5%) 0.628 (0.070; 5.606) 0.677
10 and more 72 (25.0%) 2 (25.0%) 0.667 (0.058; 7.683) 0.745

Unprotected vaginal
intercourse

Never 25 (8.7%) 2 (25.0%)
0.108

Ref.
Sometimes 187 (64.9%) 3 (27.5%) 0.201 (0.032; 1.259) 0.087
Always 76 (26.4%) 3 (27.5%) 0.493 (0.078; 3.124) 0.453

Sexual non-coital
contact with the anus

Never 71 (24.7%) 3 (27.5%)
0.710

Ref.
Sometimes 155 (53.8%) 4 (50.0%) 0.611 (0.133; 2.801) 0.526
Often/always 60 (20.8%) 1 (12.5%) 0.394 (0.040; 3.892) 0.426

Anal-penetrative
intercourse

Never 169 (58.7%) 6 (75.0%)
0.508

Ref.
Sometimes 117 (40.6%) 2 (25.0%) 0.481 (0.096; 2.427) 0.376
Often/always 2 (0.7%) 0 (0.0%) - -

Education Elementary 71 (24.6%) 2 (25.0%)
0.600

Ref.
High school 116 (40.3%) 2 (25.0%) 0.612 (0.084; 4.442) 0.627
University 99 (34.4%) 4 (50.0%) 1.434 (0.256; 8.046) 0.682

History of conization
during last year

No 280 (97.2%) 8 (100.0%)
0.999

Ref.
Yes 8 (2.8%) 0 (0.0%) - -

Active practicing of
oral sex Never 26 (9.0%) 1 (12.5%)

0.855
Ref.

Sometimes 194 (67.4%) 5 (62.5%) 0.670 (0.075; 5.962) 0.720
Often/always 68 (23.6%) 2 (25.0%) 0.765 (0.066; 8.797) 0.830

HPV vaccination No 267 (92.7%) 8 (100.0%)
0.999

Ref.
Yes 12 (4.2%) 0 (0.0%) - -

Cervical HPV
infection

No 57 (19.8%) 3 (37.5%)
0.630

Ref.
Yes 231 (80.2%) 5 (62.5%) 1.617 (0.117; 3.261) 0.570

Anal HPV infection
No 159 (61.9%) 3 (37.5%)

0.268
Ref.

Yes 98 (38.1%) 5 (62.5%) 2.704 (0.632; 11.566) 0.180
1 p-value of Fisher’s exact test.

4. Discussion

As expected, we found a higher prevalence of HPV infection at all examined anatomical
sites in the study group among high-risk women with CIN2+ compared to the women in
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the control group. The difference was statistically significant in the anus (p < 0.001) but not
in the oral cavity (p = 0.511) according to small whole number of oral-HPV-positive cases.
The identified risk factors for HPV infection were different for different anatomical sites. For
anal infection, in addition to the presence of cervical HPV, we identified three very strong
risk factors for the prevalence of anal HPV infection (Table 2): ten or more sexual partners
in a lifetime (p = 0.013), non-coital sexual contact with the anal area (p < 0.001), and active
practice of anal penetration (p < 0.001). For oral infection, the presence of genital warts in the
male partner (p = 0.029) and history of genital warts in the female partner (p = 0.010) were
significant risk factors. A study simultaneously evaluating risk factors for anal and oral HPV
infections in women with CIN2+ has not yet been published.

Generally, the strongest risk factor for the presence of anal HPV infection is the
presence of genital HPV infection. The close relationship between cervical and anal HPV
infection was first revealed in a large study in Hawaii on 1378 women. Patients with
cervical HPV infection had >3-fold increased risk of concurrent anal infection [6]. Valari
found that the presence of cervical HPV was the only statistically significant risk factor
for anal HPV with 3.3-fold higher risk [11]. Our HPV-positive CIN2+ patients similarly
had a 3.5-fold higher OR (odds ratio) of anal HPV (Table 2). Some authors suggest that
women’s risk of anal HPV infection is as common as their risk of cervical HPV infection [7].
These conclusions were also confirmed by studies on high-risk female sex workers [12,13].
A systematic review of 36 studies showed a five-times higher anal HR HPV prevalence
among 2693 HIV-negative women with cervical HR HPV infection [14]. A sub-analysis of
our data revealed a 4.7-times higher risk of anal HR HPV in women with cervical HR HPV
infection (Table 4).

Table 4. Risks for concurrent HPV infections among women with CIN2+.

Subjects (n) 428 OR (95% IS)

Risk for anal HPV
in women with
cervical HPV

n (%)

All HPV 168 (39.3%) 3.459 (1.945; 6.150)

HR HPV in both sites 148 (34.6%) 4.711 (3.511; 7.492)

LR HPV in both sites 47 (11.0%) 1.632 (1.182; 2.536)

Risk for anal HPV
in women with oral

HPV
n (%)

Subjects (n) 265

All HPV 5 (1.9%) 2.704 (0.632; 11.566)

HR HPV in both sites 3 (1.1%) 3.359 (0.915; 7.502)

LR in both sites 1 (0.4%) 1.232 (0.282; 14.646)

Risk for oral HPV in
women

with cervical HPV
n (%)

Subjects (n) 295

All HPV 5 (1.7%) 1.617 (0.117; 13.261)

HR HPV in both sites 5 (1.7%) 2.642 (0.713; 10.687)

LR in both sites 0 (0.0%) -

Risk for oral HPV
in women with anal

HPV
n (%)

Subjects (n) 265

All HPV 5 (1.9%) 2.704 (0.632; 11.566)

HR HPV in both sites 3 (1.1%) 3.241 (0.332; 13.878)

LR in both sites 0 (0.0%) -
Note: The rates of HPV infections are calculated from samples sufficient for HPV testing. p-value of Fisher’s
exact test.

This suggests that the presence of anal HR HPV is an even stronger risk factor for
cervical HR HPV. This assumption was confirmed by a recent study that showed that even
women successfully treated for CIN may have a higher risk of recurrent cervical HPV infec-
tion and cervical lesions due to persistent anal HPV infection [15]. The contemporaneous
cervical HPV infection is the most important for increasing the odds of anal infection re-
gardless of whether the cervical infection was detected at a previous visit [8]. However, not
only cervical infection but the history of any HPV-related genital lesion elevates the risk of
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the odds of anal infection. While the prevalence of anal HRHPV among immunocompetent
women with HPV-related pathology of the lower genital tract (cervix, vagina, and vulva)
varies from 23–86%; among women without known HPV-related pathology, it ranges from
only 5–22% [16].

In our cohort, we observed anal HPV in 43.3% (HR HPV in 36.3%) and concurrent
cervical-anal HPV infection in 39.3% among women with CIN2+ compared to only 8.0%
(p < 0.001) among women without CIN2+ (Chart 1). Moreover, higher severity of the
cervical lesion significantly increased the prevalence of concurrent cervical-anal infections
(ptrend < 0.001). Surprisingly, according to some studies, women with cervical HPV disease
have high presence of HR HPV in the anal canal, but contrary to expectations, they also have
a very low rate of AIN [17]. Nevertheless, a recent systematic review of twenty-five studies
showed that patients after the treatment of HPV-related gynecological diseases have than
more five-times higher risk of anal cancer [18].

Several studies have reported that risky sexual behavior is a strong risk factor for anal
HPV. In our study, in addition to the presence of cervical HPV infection, we found three other
significant risk factors for the prevalence of anal HPV infection (Table 2): ten or more lifetime
sexual partners (p = 0.013), non-coital sexual contact with the anal area (p < 0.001), and active
practice of anal penetration (p < 0.001). Anal intercourse was noted as a risk factor for anal
HPV already in 2001 [19]. Some studies have not confirmed anal intercourse as a risk factor for
anal HPV, but there is a general consensus that actively practicing anal-penetrative intercourse
increases the risk of anal HPV [13,20]. For example, similar to our study, the prevalence of
anal HPV in sexually active women was higher among women who reported anal intercourse
(p < 0.001), and it increased with a higher number of lifetime sexual partners (ptrend < 0.001),
with a higher number of lifetime anal intercourse partners (ptrend < 0.001), and with smoking
status (ptrend < 0.001) [8]. Similarly, Goodman revealed a twice-higher odds ratio for anal HPV
among women with more than six sexual partners and a three-times higher odds ratio for
women with current anal intercourse [7]. Moreover, Goodman found, as we did, that hormone
use was a risk factor, too [7]. A high number of sexual partners increased the risk of anal HPV
by 2.5 times in a recent international pooled analysis as well, in contrast to practicing anal
intercourse [20]. We discovered a history of more than two pregnancies (p = 0.045) and more
than one delivery (p = 0.013) as significant protective factors for anal HPV. It is possible that
women with new boyfriends have more frequent anal or oral sex to please their partners but
did not report this in the questionnaire. In agreement with current results, sexual non-coital
contact with the anus (p = 0.006), penetrative anal sex (p = 0.002), more than five lifetime
sexual partners (p = 0.041), and tobacco use (p = 0.048) were statistically significant risk factors
for multiple anal HPV infections in our former research [21].

While published data show that anal and cervical HPV infections are highly inter-
dependent, data on the association of genitoanal and oral HPV infections are not entirely
conclusive [13,22–25]. Most of the studies following the concurrent cervical or vulvovaginal
and oral HPV infections conclude that the relationship with oral genotype–concordance in
women with cervical HPV infection is more prevalent than could be expected by chance.
Steinau found a five-times higher oral HPV prevalence in 1812 immunocompetent U.S.
women with cervical HPV infection [22]. A recent systematic review evaluating 114 papers
reported on average a 16% rate of concurrent dual-site oral-cervical HPV infections but
with wide differences in particular studies that ranged from 0% to 95% depending on the
study [23]. Most rates of concurrent oral and cervical HPV infections were ≤10%. The
authors concluded that a definitive conclusion about the association between cervical and
oral HPV infection cannot yet be determined. The results of our study were also in line
with this. The CIN2+ patients had higher risk of oral HPV in the case of the presence of
cervical (OR 1.620, p = 0.570) or anal (OR 2.704, p = 0.180) HPV infection, but the difference
was statistically not significant due to the overall small number of oral HPV-positive cases
(Table 3). Nasiotziki, for example, came to the same conclusion on a similar sample of
subjects [24]. Kedarisetty detected vaginal HPV infection in 45.2% and oral in 4.1% of
3463 women in the USA. However, more than three-quarters (75.9%) of orally positive
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women were simultaneously infected in the vagina [25]. These findings correspond with
our results. All orally HR-HPV-infected women except one were infected in the cervix or
anus, and one-third of them were infected in all three anatomical sites (Chart 1).

The presence of genital warts in the male partner (p = 0.029) and a history of genital
warts in the woman (p = 0.010) were found statistically significant for the prevalence of oral
HPV infection in our study (Table 3). Surprisingly, active oral sex was not a risk factor for oral
infection. Bruno indicated oral sex as a risk factor for oral HPV infection (p < 0.01) in his paper,
however, with less statistical significance than a history of genital warts (p < 0.001) [26]. This
means that simply practicing oral sex is not enough, but other risk factors for acquiring of oral
HPV must be present. The reason genital warts in one sexual partner is a risk factor for oral
HPV seems to be that oral sex is practiced by almost all sexually active couples these days,
e.g., in France, the number of women reporting active oral sex practice increased from 51% in
1970 to 91% in 2006. Similarly, an increase in male oral sex practice over the same period was
noted from 55% to 94% [27]. On the other side, risky sexual behavior, tobacco use, alcohol use,
drug use, and the presence of other sexually transmitted diseases except HIV were not proven
to be risk factors for the presence of cervical, anal, or oral HPV infections in the study among
315 female sex workers from Nigeria [13]. However, most earlier studies reported different
results [10,28,29].

Age plays a greater role in the risk of anal HPV infection prevalence than in oral HPV
prevalence and probably than in cervical HPV prevalence. Hernandez found that age < 30
increased the risk for anal HPV [9], and Goodman found that age > 45 decreased the likelihood
of anal HPV [7]. We found in our study that women aged above 50 years were significantly
associated with lower prevalence (p = 0.048) of anal HPV infection. A large analysis of
36 longitudinal studies revealed a decreasing prevalence of anal HPV infection every 10 years
of about 0.85 times [20].

The overall oral HPV prevalence was quite low in our study (2.7% in the HR group,
1.4%, in the LR group, and 2.3% in the whole cohort). However, HR genotypes were
detected in all HPV-positive oral samples of patients with CIN2+. On the other hand,
this is not a significant difference from the prevalence of oral infection of 2.9% in women
(two-thirds lower than in men of the same age) calculated in the meta-analysis [29] and
from the 2.5% oral HPV prevalence among at-risk women referred for colposcopy in other
paper [24]. According to a systematic review of 28 papers, the overall oral HPV prevalence
rates in healthy European populations is between 1.2% and 11.6% [10]. HPV infection in
the oral cavity can be quite difficult to detect and easy to miss. Virus clearance is supported
by continuous rinses of saliva in the mouth, and this makes oral HPV more transient than
in other anatomical sies [23].

Another reason may be the generally lower prevalence of oral HPV in White women.
A cross-sectional study from the USA reported the lowest prevalence of oral HPV in White
women compared with Mexican, Hispanic, and Black women and with men of any race [30].
Another reason for the low oral prevalence may be also due to the use of oral rinses to
detect HPV in our study. Oral HPV prevalence was lower (mean 4.7%) in studies using an
oral rinse than in studies using a smear (mean 10.3%) [10].

There are also some limitations that should be noted. This study was performed on
a homogeneous population of Czech women, and the results do not indicate global HPV
prevalence and the associated risk factors. Our study assumed a cross-sectional setting,
and it could not be determined how many of the HPV infections were transient. The Linear
Array HPV Genotyping Test used in our study was designed for genotyping of cervical HPV
infection, and therefore, true oral HPV prevalence may be slightly underestimated [30,31].
Another potential limitation is the lack of data regarding oral, anal, and genital HPV
infections in male sexual partners, especially when the presence of genital warts in sexual
partners was a significant risk factor for oral HPV infections. The prevalence of genital HPV
infection among the male sexual partners of HPV-infected women seems to be independent
of the length of their relationship, and it appears to be very high [32].
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Furthermore, we did not ask about some kinds of another possible routes of HPV trans-
mission. For example, the cervix and anus can also be infected during masturbation due to
autoinoculation [8]. Moreover, open-mouth kissing with oral-to-oral contact is considered
a significant risk factor for oral HPV infection [28]. Additionally, self-reported sexual
behaviors may not be accurate. We did not examine other infectious diseases, although
an association with coinfection by other sexually transferred diseases is independently
associated with HPV infection in multivariable models [31]. Last, we did not ask about
anal fissures, which could significantly increase the odds of anal HPV infection among
women who do not report anal sex [17].

On the other hand, this is the first study that examines not only the prevalence but
also the risk factors for anal and oral HPV infections in high-risk women with CIN2+.
An important strength of our study is that all women were prospectively recruited. First,
the women filled out a self-administered questionnaire, and then, samples were taken for
cervical, anal, and oral HPV genotyping at the same time. Nevertheless, other prospective
studies are needed to clarify the risk factors for HPV infections at all HPV-related anatomical
sites to define preventive programs, adequate screening, and vaccination strategies.

5. Conclusions

In conclusion, our data suggest that the presence of HPV infection in one anatomical
site poses the greatest risk for HPV infection in another anatomical site. The presence
of cervical HR HPV infection seems to be an even stronger risk factor for anal HR HPV
infection and possibly also for oral HR HPV infection. We hypothesize that the cervix is
the main reservoir of infection, but the risk factors for the anal and oral HPV infections are
dissimilar. Transmission from the anogenital region to the oral region is likely to be more
difficult due to anatomical distance and more complex routes of transmission. However, a
separate oral infection without concurrent genitoanal infection is very rare. Sexual behavior,
including autoeroticism and non-coital sex, is of great importance. Moreover, our results
may reflect differences in the natural course of infections in different anatomical sites and
thus contribute to the development of preventive strategies because no formal general
recommendations exist regarding HPV-related cancer screening except for cervical cancer
so far.
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