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A B S T R A C T   

HPV-infection in patients with HNSCC is reportedly correlated with sexual behavior, age, and tobacco/alcohol- 
consumption. HPV-infections of the oral cavity are regarded as sexually transmitted. Comparable data of patient 
populations outside the U.S. are sparse or missing. 

Questionnaires regarding sexual behavior, education tobacco- and alcohol-consumption, were given to 28 
patients with tonsillar hyperplasia (H) and 128 patients with tonsillar carcinomas (CA), all with tissue-typed 
HPV-DNA-status performing PCR. Answers were correlated among groups and HPV-status. 

106 questionnaires were analyzed. Comparisons between H- (n = 25) and CA- (n = 81) patients showed that 
CA-patients were older (61.1yrs ± 9.3) than H-patients (45.2yrs ± 11.9; p < 0.0001; Student’s t-test); had a 
lower educational level (p = 0.0095); and lower number of sexual partners (p = 0.0222; Fisher’s exact test). All 
groups showed a significant correlation between smoking and lack of HPV-DNA-positivity (p = 0.001). Further 
Fisher’s exact tests and logistic regression analysis revealed in all 106 patients no significant correlations be-
tween tissue-HPV-status and the analyzed parameters. 

Despite the limited sample size, we were able to confirm the established correlation between smoking and 
tissue-HPV-status. The correlation between sexual behavior and HPV-infection was not confirmed. No consensus 
exists in the literature about the latter. Our data does not support the strict classification of oral HPV-infections 
and HPV-driven HNSCCs as STDs.   

1. Introduction 

Various human cancers are causally linked to infections with human 
papillomaviruses (HPV). In the 1980s Harald zur Hausen and co-workers 
[1,2] established the carcinogenic role of HPVs in anogenital, specif-
ically, cervix uteri cancers. He was granted the Nobel Prize for Medicine 
in 2008 for this work. Nowadays, it is accepted that nearly all cervix 
uteri cancers and roughly half of vulva, penile and anal cancers are 
caused by HPV [3]. Following the initial description of the presence of 

HPV in laryngeal papillomas [4], early studies suggested HPV as a 
carcinogenic agent, initiating squamous cell carcinomas of the head and 
neck (HNSCC) [5–12]. Today, oropharyngeal (OSCC) and specifically 
tonsillar SCC (TSCC) are recognized as attributable specifically to HPV 
genotype 16 (HPV16) infections in 30–90% of cases, depending on the 
geographical region where the patients live [13]. The natural history of 
HPV in human mucosa and anogenital/oral HPV infections has been 
attributed to age at sexual debut, sexual behavior (i.e. performing oral 
sex) and lifetime number of sexual partners. This is based on (i) studies 
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investigating oral and anogenital HPV prevalence and incidence in 
HIV-negative and HIV-positive men [among others, men having sex with 
men (MSM)] [14–16], (ii) in spouses/partners of HPV-positive people 
[17–19], and (iii) studies on vertical and horizontal HPV transmission in 
the general population [20–22]. Other socio-epidemiologic factors 
contributing to HPV infections are gender, age, education, income, 
intake of tobacco, alcohol and marijuana [23]. Existing evidence on 
sexual behavior and HPV incidence in anogenital lesions, benign lesions 
included, enables these HPV infections to be categorized as sexually 
transmitted, thus representing a sexually transmitted disease (STD) [24, 
25]. HPV transmission into the oral cavity is also discussed as being 
predominantly linked to sexual behavior as defined above. However, the 
immense evidence on natural history of HPV in the oral cavity is not 
fully congruent. It contradicts, at least in part, existing evidence 
regarding characteristics of patients with HPV driven OSCC/HNSCC. 
Studies regarding the natural history of oral HPV show that smokers 
carry a higher burden of HPV in the oral cavity compared to 
non-smokers [26]. It is well established that it is predominantly 
non-smokers who develop HPV driven OSCC [23,27,28]. HPV16 is the 
genotype responsible for approximately 95% of active HPV infections in 
OSCCs [13,28,29], however, HPV16 is rarely detected in the oral cavity 
in natural history studies [22,30]. The natural history of oral HPV does 
not seem to be directly linked to HPV-driven carcinogenesis. In recent 
studies of natural history data, a clear role of sexual behavior in HPV 
transmission is questioned [17,31,32]. Studies of HNSCCs either support 
[33–35] or contradict [35, 36 and Ref. cited therein] a predominant role 
of both lifetime number of sexual partners and oral sex behaviors in 
triggering HPV-driven carcinogenesis. 

The current study in a northern German population aimed to a) 
investigate whether patients suffering from HPV-positive TSCCs show 
differences in their sexual behavior, gender, age, education, tobacco and 
alcohol intake when compared to HPV-negative patients; b) investigate 
whether HPV-positive patients suffering from tonsillar hyperplasia, 
specifically with obstructive sleep apnea syndrome, show differences in 
their sexual behavior, gender, age, education, tobacco and alcohol 
intake when compared to HPV-negative patients. Lastly, c) we compared 
the incidence of the above social parameters between the two patient 
groups and d) in an exploratory analysis all HPV-positive patients were 
compared to all HPV-negative patients, irrespective of their disease to 
increase our power to observe a correlation between demographic var-
iables and the presence of HPV. 

2. Materials and methods 

2.1. Patient questionnaires 

In a prospective, consecutive setting, patients suffering from tonsillar 
squamous cell carcinomas (TSCC) or obstructive sleep apnea syndrome 
(OSAS) due to tonsillar hyperplasia, were enrolled in this study, when 
treated by surgical resection at the ENT Departments of the University 
hospitals in Kiel and Rostock, the municipal hospital Oldenburg and at 
the ENT Department of the Asklepios Clinic Hamburg-Harburg. All pa-
tients had to be 18 years of age or older. Paper-based questionnaires 
regarding, age, gender, smoking and drinking habit, sexual orientation, 
lifetime number of sexual partners, frequency of oral sexual intercourse, 
and education were prospectively given to 28 patients with tonsillar 
hyperplasia (H). In addition, 128 patients with tonsillar squamous cell 
carcinoma (TSCC) were questioned. 53 patients in this group were 
enrolled in a prospective manner (pCA). A further 75 TSCC-patients with 
previously determined HPV-status [28] treated between 2002 and 2010 
at the Department of Otorhinolaryngology, Head and Neck Surgery, 
CAU, Germany, were contacted retrospectively (rCA) to increase patient 
numbers. The applied questionnaire for analysis was based on survey 
instruments published and referred to by others [20]. The selection 
options for a) alcohol intake and b) frequency of oral sexual intercourse 
asked for in the questionnaires were defined for the patients as follows: 

a) never = no alcohol drinking at all; former = stopped drinking alcohol 
at least 2 years before diagnosis; rarely = 1–2 drinks per month; 
frequently = 1–2 drinks per week; regularly = ≥ 3 drinks per week; b) 
never = no oral sex at all; rarely = < 6 times a year; frequently > about 
once a month; regularly = more than once a month. 

The study was approved by the local Ethics committee (D429/14, 
D534/16). Patients gave written informed consent. 

2.2. HPV status of the tissue specimens 

The HPV-DNA status in all tonsillar tissue samples was also deter-
mined in Kiel using the following experimental procedures: DNA was 
extracted from 4 to 6 consecutive 5 μm FFPE-sections using the 
ExpressArt Mag RNA + DNAready kit (AmpTec, Hamburg, Germany), 
according to the manufactures protocol (for the H- and pCA samples) 
and the QIAamp DNA Mini Kit; Qiagen, Hilden, Germany for the rCA 
samples. All necessary validation experiments were performed to assure 
comparability of the results. In all cases 50 ng of DNA per sample was 
used to perform PCR reactions using the primers GP5+/GP6+ as 
described previously [37]. DNA integrity was analyzed by performing 
PCR reactions using genomic beta-2 microglobulin (B2M) primers 
(Promolgene; Berlin, Germany) according to the manufacturer’s proto-
col. Additionally, a positive control (a synthetic oligonucleotide of the 
HPV L1 gene, covered by the GP5+/GP6+ primers; Eurofins; Ebersberg 
Germany) was amplified in the GP5+/GP6+ PCRs. DNA-quantity and 
-quality were assessed using the Nanodrop 1000 (peqlab, Erlangen, 
Germany) and the Tapestation 2200 (Agilent, Böblingen, Germany), 
respectively. 

All tissue samples with detectable HPV-DNA were defined as HPV- 
positive. 

2.3. Statistical analysis 

Firstly, demographic differences between the two cancer patient 
cohorts were analyzed using Fisher’s exact tests and the demographic 
characteristics of the cancer patients of both cohorts (all CAs) and the 
patients with tonsillar hyperplasia (H) were compared using Fisher’s 
exact tests. Student’s t-test was performed to assess age-related differ-
ences between pCA and rCA patients and between all CA- and H- pa-
tients (all tests were performed using SPSS 20.0). The relationship 
between HPV positivity and the demographic variables was then 
assessed within each disease group and was finally assessed in an 
exploratory analysis in the two groups combined using Fisher’s exact 
test. Additionally, logistic regression analysis was performed to further 
explore the association between the demographic variables and tissue 
HPV-positivity in all patients, with additional adjustment for age and 
smoking habit. p-values ≤0.05 were considered statistically significant, 
confirmed by Bonferroni post-testing for multiple comparisons where 
appropriate. 

3. Results 

3.1. Return rate 

In total 28 questionnaires were prospectively given to patients with 
tonsillar hyperplasia with a return rate of 89% (n = 25). A total of 128 
questionnaires were given to TSCC-patients. 53 patients were prospec-
tively questioned with a return rate of 75% (n = 40). 75 TSCC-patients 
were retrospectively questioned to increase numbers with a return rate 
of 55% (n = 41). All returned questionnaires (n = 106) were analyzed 
irrespective of completeness. The quantity of missing data for each 
question is given in the respective tables. 

3.2. Patient characteristics and comparison of the 3 cohorts 

The patient characteristics of the TSCC- and H-patients are given in 

E.S. Quabius et al.                                                                                                                                                                                                                              



Papillomavirus Research 10 (2020) 100207

3

Table 1. Overall, there are no significant differences between the pro-
spective and the retrospective cancer cohorts. These two cohorts were 
therefore pooled for further analysis. The comparison between all TSCC- 
(n = 81) and H-patients (n = 25) is also presented in Table 1. Patients 
with tonsillar hyperplasia were significantly younger than TSCC- 
patients [62.3 ± 9.6yrs (pCA) vs. 59.9 ± 8.9yrs (rCA), p > 0.05; 61.1 
± 9.2yrs for all TSCC vs 45.2 ± 11.9yrs for H; p < 0.0001; all data are 
mean ± standard deviation]. The group of TSCC-patients had signifi-
cantly more former smokers than the group of H-patients (p ≤ 0.001), 
with an even distribution of active and never smokers in the groups of H- 
and CA-patients. CA-patients (n = 81) had significantly lower educa-
tional level p = 0.0095, and a significantly less promiscuous lifestyle 
than H-patients (p = 0.02). All other parameters, including HPV-DNA- 
status were not significantly different between H- and TSCC-patients. 

3.3. Effect of gender, smoking habit, lifetime number of sexual partners, 
frequency of oral sexual intercourse, sexual orientation, alcohol 
consumption and education on tonsillar HPV-DNA status 

In total 37 of 81 (45.7%) TSCC-patients had HPV-DNA-positive tu-
mors. Of the H-patients 7 of 25 (28.0%) had HPV-DNA-positive tonsillar 
tissues sample. In both disease entities and in the entire study popula-
tion, (cancer and hyperplasia patients), patients with HPV-positive and 
HPV-negative tissue samples were not significantly different in age: In 
cancer patients with HPV-positive tumors the average age was 60.2 ±
9.4 yrs. The average age in the groups with HPV-negative tumors was 
61.9 ± 9.1 yrs; Hyperplasia patients with HPV-positive tonsillar samples 
were on average 48.1 ± 13.4 yrs old versus 44.3 ± 11.9 yrs in the groups 
of patients with HPV-negative tonsillar samples. The entire population 
of patients with HPV-positive tonsillar tissue samples was on average 
59.1 ± 10.3 yrs old and those with HPV-negative ones were on average 
57.6 ± 12.3 yrs old; all p > 0.05. The effect of the social parameters on 
tonsillar HPV-DNA-status of the TSCC- and H- patients is shown in 
Table 2. None of the investigated parameters – apart from smoking habit 
– was associated with HPV-DNA-positivity of the tonsils. This holds true 
for the gender of the patients, their lifetime number of sexual partners as 
well as their frequency of practicing oral sexual intercourse (all p >
0.05). To further analyze the correlation between tissue HPV-positivity 
and the demographic variables and taking into account the limited 
power of our data, we performed a logistic regression analysis, followed 
by adjustment for age and smoking habit. The results are shown in 
Table 3. Due to the small sample size, logistic regression analysis could 
only be performed for the entire patient population (CA- and H-pa-
tients). The results presented in Table 3 corroborate the data presented 
in Table 2 in particular the strong association between HPV-positivity 
and smoking habit, which was still significant after adjusting the data 
for the patients’ age. Interestingly, among the 25 H-patients, tonsillar 
HPV-negativity was associated with higher lifetime number of sexual 
partners. This association was found to be significant (p = 0.045; 
Table 2), using test for trend. Only 6 patients confirmed either homo- or 
bisexual orientation. No statistical analysis was possible on this small 
sample. Similarly, data regarding the patient’s level of education was 
frequently missing, hindering statistical analysis. Interestingly, there is a 
significant correlation between smoking habit and absence of HPV-DNA- 
positivity of the tonsillar tissue and vice versa (p = 0.001). 

4. Discussion 

To the best of our knowledge the present study is the first prospective 
study with tissue typed HPV-status derived from TSCC as well as non- 
malignant tonsils correlating results with socioeconomic factors such 
as education, alcohol and tobacco intake, and sexual behavior. 

The results of this study cannot confirm a correlation between the 
presence of HPV-DNA in the examined tissue samples (TSCC, n = 81; 
tonsillar hyperplasia (H), n = 25) and the sexual behavior of the pa-
tients. However, despite the relatively small number of cases studied (n 

Table 1 
Patient characteristics of the cancer patients of the prospective (pCA), retro-
spective cohort (rCA), and the patients with tonsillar hyperplasia (H).   

variable 
cohort Significance 

pCA (n 
= 40) 

rCA (n 
= 41) 

all CA 
(n =
81) 

H (n =
25) 

pCA 
vs 
rCA 

all CA 
vs H 

Age 62.3 ±
9.6 

59.9 ±
8.9 

61.1 ±
9.3 

45.2 ±
11.9 

n.s. p <
0.0001 

sex 
female 10 

(25.0) 
17 
(41.5) 

27 
(33.3) 

4 
(16.0) 

n.s. n.s. 

male 30 
(75.0) 

24 
(58.5) 

54 
(66.7) 

21 
(84.0)   

HPV-DNA 
negative 24 

(60.0) 
20 
(48.8) 

44 
(54.3) 

18 
(72.0) 

n.s. n.s. 

positive 16 
(40.0) 

21 
(51.2) 

37 
(45.7) 

7 
(28.0)   

Smoking habit at time of diagnosis (n = 2 missing both pCA) 
active 13 

(34.2) 
13 
831.7) 

26 
(32.9) 

18 
(72.0) 

n.s. p =
0.0001 

never 5 
(13.2) 

8 
(19.5) 

13 
(16.5) 

6 
(26.0)   

former* 20 
(52.6) 

20 
(28.8) 

40 
(50.6) 

1 (4.0)   

alcohol consumption** 
never, rarely, 

former 
22 
(55.0) 

24 
(58.5) 

46 
(56.8) 

15 
(60.0) 

n.s. n.s. 

frequently, 
regularly 

18 
(45.0) 

17 
(41.5) 

35 
(43.2) 

10 
(40.0)   

number of lifetime sexual partners (n = 4 missing; 2 pCA and 2 rCA 
1–5 22 

(57.9) 
27 
(69.2) 

49 
(63.6) 

10 
(40.0) 

n.s. p =
0.0222 

≥6 16 
(42.1) 

12 
(30.8) 

28 
(36.4) 

15 
(60.0)   

frequency of oral sexual intercourse*** (n = 9 missing; 4 pCA and 5 rCA) 
never, rarely 26 

(72.2) 
30 
(83.3) 

56 
(77.8) 

15 
(60.0) 

n.s. n.s. 

frequently, 
regularly 

10 
(27.8) 

6 
(16.7) 

16 
(22.2) 

10 
(40.0)   

sexual orientation (n = 17 missing; 8 pCA and 9 rCA) 
heterosexual 30 

(93.8) 
31 
(96.9) 

61 
(95.3) 

22 
(88.0) 

n.s. n.s. 

bisexual 2 (6.2) 1 (3.1) 3 (4.7) 2 (8.0)   
homosexual 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0)   

education (n = 9 missing; 3 pCA, 2 rCA and 4H) 
10yrs 

school****, 
apprenticeship 

30 
(81.1) 

22 
(56.4) 

52 
(68.4) 

9 
(42.9) 

n.s. 0.0095 

any university 
(entrance) 
degree 

5 
(13.5) 

13 
(33.3) 

18 
(23.7) 

12 
(57.1)   

none, other 2 (5.4) 4 
(10.3) 

6 (7.9) 0 (0.0)   

To define potential differences between the 3 cohorts, Fisher’s exact tests were 
performed and the results are given as “pCA versus (vs) rCA” to analyze dif-
ference between the 2 cancer patient cohorts. The differences between the 
cancer patients of both cohorts (all CAs) and the prospectively analyzed patients 
with tonsillar hyperplasia (H) are given as “all CAs versus (vs) H”. Numbers in 
parentheses are percent of each cohort; *: stopped tobacco consumption at least 
2 years prior to diagnosis; ** never = no alcohol drinking at all; former =
stopped drinking alcohol at least 2 years before diagnosis; rarely = 1–2 drinks 
per month; frequently = 1–2 drinks per week; regularly = > 3 drinks per week; 
*** never = no oral sex at all; rarely =< 6 times a year; frequently > about once 
a month; regularly = more than once a month. ****: 4 years primary and 6 years 
secondary school; n.s.: not significant p > 0.05. 
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= 106), the well-established and highly significant correlation between 
smoking habit and HPV-status was confirmed. The HPV prevalence rate 
of all TSCC-cases was 45.7% (27/81). This was within the expected 
range for this northern German study population [13,28,38]. 

A statistically significant relationship between lifetime number of 
sexual partners/frequency of oral sex and HPV-status was not observed 
in this study when all cases are analyzed together nor when TSCC- and 
H-patients were considered separately. Although power was limited, 
analysis for trend showed, however, that amongst the H-patients tissue 
HPV-negativity was associated with higher lifetime number of sexual 
partners (Table 2). Similar as in previous studies by us and others, here 
we show a significant correlation between tissue HPV-status and 
smoking habit of the patients (in all groups, despite limited power). 
Therefore, one might assume that the by others reported significant 
correlation between sexual behavior and tissue HPV-status should here 
have at least been seen in trend, also, which, however, is not the case. 
Due to the small number of cases altogether, one has to interpret these 
data with caution. 

With a mean age of 45.2 years, H-patients were significantly younger 
than TSCC-patients (mean age: 61.1yrs), which might suggest a more 
liberal attitude towards sexual activity in H-patients than in older TSCC- 
patients. Despite the rather small H group (n = 25), it is worth noting 
(see Table 2) that H-patients with HPV-negative samples report a higher 
lifetime number of sexual partners and more frequent oral sex compared 
to corresponding patients with HPV-positive samples. The number of 

reported sexual partners and frequency of oral sex are equally divided 
between TSCC-patients with HPV-positive and HPV-negative tumors. 

The detection of 7 HPV-positive cases among the 25 H cases was 
surprising. In previous studies, we have not detected HPV in clinically 
healthy mucosa or tonsils [39–41]. This discrepancy, in particular with 
respect to the results from non-malignant tonsils obtained by Quabius 
et al. [41] could be explained by the significantly younger patient 
population in this earlier study (mean age was 4.6 yrs) compared to the 
study population here with a median age of 45 years, as oral HPV 
prevalence has been shown to increase with age [20,42]. 

In the predominantly US-American literature [23,43–45], the cor-
relation between sexual behavior and ano-genital/oral HPV infections 
[14–22] and HPV associated diseases is well established. Chaturvedi and 
collaborators [20], in their NHANES-based natural history study of 
oncogenic HPV infections in the oral cavity, suggest that the distribution 
of oral oncogenic HPV infections in the U.S. population is parallel to the 
incidence of HPV-positive oropharyngeal cancers at the population 
level. Infection and cancer was most common in men between 40 and 59 
years who had never smoked or were former smokers. This implies a 
strong link between the natural history of oral HPV infection and 
HPV-related carcinogenesis. 

However, HPV natural history studies related to the general popu-
lation or MSM, and studies in HNSCC patients must be strictly separated 
[23,43–45]. Natural history studies aim to identify risk factors or 
markers for increased HPV prevalence/incidence, for example, in the 

Table 2 
Effect of age, sex, lifestyle and education on tonsillar HPV-DNA status of all cancer patients (CA) and of patients with tonsillar hyperplasia (H).   

variable 
HPV-DNA-Status significance (HPV-positive versus 

-negative) 

positive negative CA only H only CA and H 

CA (n = 37) H (n = 7) CA and H (n =
44) 

CA (n = 44) H (n = 18) CA and H (n =
62) 

Age 60.2 ± 9.4 48.1 ±
13.4 

59.1 ± 10.3 61.9 ± 9.1 44.3 ±
11.9 

57.6 ± 12.3 n.s. n.s. n.s. 

sex 
female 15 (40.5) 1 (14.3) 16 (34.1) 12 (27.3) 3 (16.7) 15 (24.2) n.s. n.s. n.s. 
male 22 (59.5) 6 (85.7) 28 (65.9) 32 (72.7) 15 (83.3) 47 (75.8)    

smoking habit at time of diagnosis (n = 2 missing; both HPV-positive CA) 
active smoker 3 (8.6) 1 (14.3) 4 (9.5) 23 (52.3) 17 (94.4) 40 (64.5) p = 0.001 p = 0.001 p = 0.001 
never smoker 11 (31.4) 5 (74.4) 16 (38.1) 2 (4.5) 1 (5.6) 3 (4.8)    
former smoker* 21 (60.0) 1 (14.3) 22 (51.4) 19 (43.2) 0 (0.0) 19 (30.7)    

alcohol consumption 
never/rarely/former 24 (64.9) 4 (57.1) 28 (63.6) 22 (50.0) 11 (61.1) 33 (53.2) n.s. n.s. n.s. 
frequently/regularly 13 (35.1) 3 (42.8) 16 (36.4) 22 (50.0) 7 (38.9) 29 (46.8)    

number of lifetime sexual partners (n = 4 missing; 3 HPV-positive and 1 HPV-negative CA) 
1–5 23 (63.9) 5 (71.4) 28 (65.1) 26 (63.4) 5 (27.8) 31 (52.5) n.s. p = 0.045** n.s. 
≥6 13 (36.1) 2 (28.6) 15 (34.9) 15 (36.6) 13 (72.2) 28 (47.5)    

frequency of oral sexual intercourse (n = 9 missing; 8 HPV-positive and 1 HPV-negative CA) 0 (0.0) 
never/rarely 20 (69.0) 5 (71.4) 25 (69.4) 31 (72.1) 10 (55.6) 41 (67.2) n.s. n.s. n.s. 
frequently/regularly 9 (21.0) 2 (28.6) 11 (30.6) 12 (27.9) 8 (44.4) 20 (32.8)    

sexual orientation (n = 17 missing; 9 HPV-positive and 8 HPV-negative CA) 
heterosexual 27 (96.4) 7 (100.0) 34 (97.1) 34 (94.4) 15 (83.2) 49 (90.7) n/a n/a n/a 
bisexual 1 (3.6) 0 (0.0) 1 (2.9) 2 (5.6) 2 (11.2) 4 (7.4)    
homosexual 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6) 1 (1.9)    

Education (n = 9 missing; 1 HPV-positive and 4 HPV-negative CA and 4 HPV-negative H) 
10yrs school***/ 

apprenticeship 
21 (58.3) 0 (0.0) 21 (48.8) 31 (77.5) 9 (64.3) 40 (74.1) n/a n/a n/a 

any university (entrance) 
degree 

9 (25.0) 7 (100.0) 16 (37.2) 9 (22.5) 5 (35.7) 14 (25.9)    

none/other 6 (16.7) 0 (0.0) 6 (14.0) 0 (0.0) 0 (0.0) 0 (0.0)    

The patients of the prospective and the retrospective cancer cohort are pooled since no significant differences between cohorts were detected (Table 1). To define 
potential differences between HPV-positive and HPV-negative cases in the 3 cohorts, Fisher’s exact tests were performed and the results are given as “CA only” to test 
the correlation between the different factors and HPV-Status of the cancer patients and as “H only” to test these correlations in the group of patients with tonsillar 
hyperplasia. The results presented as “CA and H” relate to all HPV-negative or HPV-positive cases irrespective of their disease. Numbers in parentheses are percent of 
each cohort; * stopped alcohol or tobacco consumption at least 2 years prior to diagnosis; ** test for trend; *** 4 years primary and 6 years secondary school; n.s.: not 
significant p > 0.05; n/a: not applicable too many variables missing. 
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oral cavity, based on differences in defined parameters such as gender, 
drug abuse, sexual behavior, etc. The key question is which parameters 
contribute to the transmission of HPV from person to person e.g. into the 
oral cavity, and who is particularly at risk. Studies in HNSCC patients 
have a similar design, but aim to identify factors/behaviors related to 
the HPV status of the tumors. The data from both study contexts allow 
the calculation of odds ratios for the risk of contracting (i) HPV and (ii) 
HNSCC. A closer examination of the results of both study types reveals 
correlations that require further explanation before the findings on the 
natural history of HPV infection can be transferred to HPV-driven 
carcinogenesis and vice versa: 1) The majority of studies on the natu-
ral history of HPV infection, particularly in MSM, show that anogenital 
and oral HPV prevalence increases with increasing lifetime number of 
sexual partners and with increasing number of oral sexual partners [14, 
16,21]. On the other hand, MSM who have recently had comparatively 
more oral sex partners have a significantly higher oral HPV clearance 
[15] than MSM with fewer oral sex partners. The majority of oral HPV 
infections are lost within 12 months in both MSM and the general 
population [14,15,17,22,46]. King and colleagues [16] have demon-
strated that the overall clearance rate in MSM is higher than the inci-
dence. 2) With few conflicting studies on natural history [47,48], 
smoking correlates positively with oral HPV infection and persistence of 
oral HPV infection [14,20,26,49,50]. In contrast, studies in cancer pa-
tients show that patients with HPV-positive OSCC are predominantly 

non-smokers [13,28,33,51]. 3) In 2008, Gillison and colleagues [23] 
published a correlation between HPV-positive HNSCC, sexual behavior 
and marijuana exposure. A year later, D’Souza and colleagues [48] 
published a significant association between open-mouth kissing and the 
risk of oral HPV infection. However, in a similar study, the same authors 
did not find an association between marijuana consumption, 
open-mouth kissing and oral HPV infections [52]. 4) Acquisition and 
persistence of oral oncogenic HPV infections are rare, even in 
HIV-positive MSM, and even rarer in the general population [50]. With 
few exceptions in natural history, oncogenic HPVs such as HPV16 are 
also rare among oral types [14,16,22,46]. However, HPV16 is the ge-
notype detected in HNSCCs in over 95% of cases [13,28,29,33,51]. 
Unfortunately, in in-silico studies, the latter discrepancies are not fully 
taken into account when calculating odd ratios for the development of 
HPV16-associated HNSCC. 

Syrjänen and co-workers [17,31,32] have repeatedly published re-
sults from the Finnish Family study investigating HPV transmission 
among spouses and siblings in a prospective manner. Results show 
among others that auto-inoculation from the anogenital region to the 
oral cavity and HPV transmission from one spouse to the other is a rare 
event and that HPV genotype concordance is low. Similar results have 
been published by others, including in three recent independent German 
studies [53–55]. All three prospective studies support the findings by 
Syrjänen and co-workers [17,31,32], contradicting results predomi-
nantly published for the U.S. American population [14–22,48,52]. Re-
searchers studying the U.S. American population should consider 
separating results from natural history studies and studies on cancer 
patients. This adjustment to experimental design could have a signifi-
cant impact on experiments reporting that HPV acquisition and 
HPV-driven OSCCs are primarily due to sexual behavior. We certainly 
believe that sexual intercourse is a significant factor, among other pa-
rameters, affecting HPV infection rates. Risks increase with sexually 
riskier life-styles. On the other hand, other mechanisms of HPV trans-
mission, apart from intense skin to skin contact, might also cause 
HPV-infections, as described by Sabeena and co-workers [56]. This 
notion is supported by data describing horizontal HPV transmission 
from HPV-positive mothers to their sexually inactive children [57,58] 
and by data describing the incidence rates of HPV infection among male 
virgins who did, and those who did not, initiate sexual activity during a 
follow-up of period of 80 months. The results were 26.2 and 16.6 
cases/1000 person-months, respectively [59]. 

In the present study, we investigated tissue samples derived from 
patients, whereas all natural history and some HNSCC studies are based 
on DNA extracted from gargle, brushes and oral rinses respectively. 
Since in the head and neck region precursor lesions as described for the 
cervix uteri (CIN I-III) have not been detected so far and since HPV 
analysis on clinically healthy mucosal sites of the head and neck remain 
HPV negative [39–41], the meaning of HPV DNA detection in gargle, 
brushes, and rinses is not fully understood. Moreover, it has been 
repeatedly shown that specificity and sensitivity of the latter in terms of 
representing the HPV-status of the tissue samples is approximately 70% 
[60,61]. Therefore, results of studies relying exclusively on non-tissue 
samples should be interpreted with caution. 

Further questions that need be addressed to fully understand the 
natural history of HPV and, moreover, what it takes to transgress from 
HPV-DNA presence in the oral cavity to HPV-driven carcinogenesis 
include the following: Which e.g. immunologic factors influence inci-
dent oral HPV infections to become persistent? Why do people who 
practice intense and regular oral sex clear HPV infections more regularly 
and faster than people who have less oral sex? What are the reasons for 
the gender-specific differences in HPV uptake and clearance? Do pa-
tients with HPV16-related HNSCCs indeed arise from the small group of 
individuals who have acquired a persistent HPV16 infection through 
riskier sexual behavior at an earlier stage of their lives, even though 
HPV-prevalence and HPV-associated carcinogenesis are rare events even 
among people at highest risk (HIV-positive MSM)? Why isn’t there a 

Table 3 
Association between demographic variables and tissue HPV-positivity, all 
patients.   

variable 
univariate OR OR adjusted for age and 

smoking 

p- 
value 

odds ratio p- 
value 

odds ratio 

Age (years) 0.61 1.01 (0.97; 
1.05) 

0.52 0.99 (0.94; 
1.03) 

disease status 
hyperplasia (ref 1.0)     
TSCC 0.12 2.16 (0.81; 

5.75) 
0.06 4.00 (0.99; 

17.21) 

sex 
male (ref 1.0)     
female 0.18 0.56 (0.24; 

1.30) 
0.21 0.571 (0.24; 

1.38) 

smoking habit at time of diagnosis 
never (ref 1.0)     
active <0.01 0.06 (0.02; 

0.24) 
<0.01 0.05 (0.01; 

0.21) 
former* 0.04 0.09 (0.03; 

0.32) 
0.06 0.08 (0.03; 

0.28) 

alcohol consumption** 
never, rarely, former (ref 

1.0)     
frequently, regularly 0.29 1.54 (0.70; 

3.39) 
0.37 0.89 (0.51, 

1.56) 

number of lifetime sexual partners 
1-5 (ref 1.0)     
≥6 0.21 1.69 (0.75; 

3.79) 
0.25 1.73 (0.68; 

4.43) 

frequency of oral sexual intercourse*** 
never, rarely, former (ref 

1.0)     
frequently, regularly 0.82 1.11 (0.46; 

2.70) 
0.72 0.84 (0.30; 

2.31) 

* stopped tobacco consumption at least 2 years prior to diagnosis; ** never = no 
alcohol drinking at all; former = stopped drinking alcohol at least 2 years before 
diagnosis; rarely = 1–2 drinks per month; frequently = 1–2 drinks per week; 
regularly => 3 drinks per week; *** never = no oral sex at all; rarely =< 6 times 
a year; frequently > about once a month; regularly = more than once a month; 
for education and sexual orientation too may data were missing. 
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significantly higher incidence of tonsillar cancers among (HIV-positive) 
MSM, similar to that observed for anal cancer [62]? Why do smokers in 
the general population have higher incidence and prevalence rates of 
oral HPV infections, whereas in cancer patients HPV rates are highest in 
the non-smoking population? 

With only n = 106 investigated patients, the main limitations of the 
present study are sample size and the differences in age of the patient 
populations studied. Therefore, the pooled estimate presented should be 
viewed with caution and considered exploratory only. The findings 
within the two cohorts are likely to be less confounded but have limited 
power. This is the first study in Germany or even Europe on HPV- 
infection of tonsillar tissue of head and neck cancer patients and pa-
tients with benign lesion that also examined sexual behavior. Therefore, 
data presented here can only be compared to results from outside 
Europe. In light of detected differences in HPV prevalence rates based 
solely on the geographical region where patients live, comparative 
analysis with other study populations is challenging. We did not corre-
late tissue HPV DNA infection with results derived from analysis of 
gargle or other sample material obtained from the same patients. 
Therefore, comparison of our results with results obtained in biomaterial 
other than tissue samples is not possible. A study focusing HPV DNA 
status in tissue, gargle and brush samples of the same patients is 
ongoing. 

In conclusion, in the present study no correlation between sexual 
behavior and HPV infection was found. The interpretation of HPV- 
related head and neck cancer as a STD should therefore be treated 
with caution. In the admittedly rather small group of H-patients, how-
ever, patients with HPV-negative tonsillar samples reported higher fre-
quencies of practicing oral sex than patients with HPV-positive tissue 
samples. Overall, when communicating with patients and the public, it 
is important to ensure that patients with HPV-related head and neck 
cancer are not stigmatized. It is important to stress that HPV is wide-
spread and HPV infections can occur in sexually active people without 
causing any disease. The epidemiological question of the level of risk 
associated with sexual activity or certain sexual activities is difficult to 
answer. Patient information should focus on the fact that these carci-
nomas have a better prognosis and not on the potential association with 
sexual activity. It seems important to acquire standardized high-quality 
risk factor data from patients originating from different geographical 
regions and from different study designs in order to advance our 
knowledge on the topic. Further studies are needed focusing on the 
mechanisms leading from persistent oral HPV infections to 
carcinogenesis. 
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F. Hoppe, S. Tribius, C. Röcken, P. Ambrosch, M. Hoffmann, Geographical and 
anatomical influences on human papillomavirus prevalence diversity in head and 
neck squamous cell carcinoma in Germany, Int. J. Oncol. 46 (2015) 414–422, 
https://doi.org/10.3892/ijo.2014.2697. 

[14] D.C. Beachler, K.M. Weber, J.B. Margolick, H.D. Strickler, R.D. Cranston, R. 
D. Burk, D.J. Wiley, H. Minkoff, S. Reddy, E.E. Stammer, M.L. Gillison, G. D’Souza, 
Risk factors for oral HPV infection among a high prevalence population of HIV- 
positive and at-risk HIV-negative adults, Cancer Epidemiol. Biomarkers Prev. 21 
(2012) 122–133, https://doi.org/10.1158/1055-9965.EPI-11-0734. Epub 2011 
Nov 1. 

[15] F. van Aar, S.H. Mooij, M.A. van der Sande, C.J. Meijer, A.J. King, D.W. Verhagen, 
T. Heijman, R.A. Coutinho, M.F. Schim van der Loeff, Twelve-month incidence and 
clearance of oral HPV infection in HIV-negative and HIV-infected men who have 
sex with men: the H2M cohort study, BMC Infect. Dis. 14 (2014) 668, https://doi. 
org/10.1186/s12879-014-0668-z. 

[16] E.M. King, S. Oomeer, R. Gilson, A. Copas, S. Beddows, K. Soldan, M. Jit, W. 
J. Edmunds, P. Sonnenberg, Oral human papillomavirus infection in men who have 
sex with men: a systematic review and meta-analysis, PLoS One 11 (2016), 
e0157976, https://doi.org/10.1371/journal.pone.0157976 eCollection 2016. 
Review. 

E.S. Quabius et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.pvr.2020.100207
https://doi.org/10.1016/j.pvr.2020.100207
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref1
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref1
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref1
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref2
https://doi.org/10.1016/j.vaccine.2008.06.021
https://doi.org/10.1073/pnas.80.2.560
https://doi.org/10.1002/ijc.2910360510
https://doi.org/10.1002/ijc.2910360510
https://doi.org/10.1159/000275948
https://doi.org/10.1159/000275948
https://doi.org/10.1001/archotol.1989.01860290079018
https://doi.org/10.1001/archotol.1989.01860290079018
https://doi.org/10.1177/000348949009900110
https://doi.org/10.1177/000348949009900110
https://doi.org/10.1177/019459989110400304
https://doi.org/10.1016/j.jcv.2004.11.017
https://doi.org/10.1093/jnci/92.9.709
https://doi.org/10.1093/jnci/92.9.709
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref12
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref12
http://refhub.elsevier.com/S2405-8521(20)30017-3/sref12
https://doi.org/10.3892/ijo.2014.2697
https://doi.org/10.1158/1055-9965.EPI-11-0734
https://doi.org/10.1186/s12879-014-0668-z
https://doi.org/10.1186/s12879-014-0668-z
https://doi.org/10.1371/journal.pone.0157976


Papillomavirus Research 10 (2020) 100207

7

[17] K. Louvanto, J. Rautava, J. Willberg, L. Wideman, K. Syrjänen, S. Grénman, 
S. Syrjänen, Genotype-specific incidence and clearance of human papillomavirus in 
oral mucosa of women: a six-year follow-up study, PLoS One 8 (2013), e53413, 
https://doi.org/10.1371/journal.pone.0053413. Epub 2013 Jan 3. 

[18] M.C. Bleeker, C.J. Hogewoning, J. Berkhof, F.J. VoorhorstJ, A.T. Hesselink, P. 
M. van Diemen, A.J. van den Brule, P.J. Snijders, C.J. Meijer, Concordance of 
specific human papillomavirus types in sex partners is more prevalent than would 
be expected by chance and is associated with increased viral loads, Clin. Infect. Dis. 
41 (2005) 612–620. Epub 2005 Jul 25. 

[19] Z.Z. Mbulawa, L.F. Johnson Lf, D.J. Marais, D. Coetzee, A.L. Williamson, Risk 
factors for oral human papillomavirus in heterosexual couples in an African setting, 
J. Infect. 68 (2014) 185–189, https://doi.org/10.1016/j.jinf.2013.10.012. Epub 
2013 Nov 1. 

[20] A.K. Chaturvedi, B.I. Graubard, T. Broutian, R.K. Pickard, Z.Y. Tong, W. Xiao, 
L. Kahle, M.L. Gillison, NHANES 2009-2012 findings: association of sexual 
behaviors with higher prevalence of oral oncogenic human papillomavirus 
infections in U.S. Men, Canc. Res. 75 (2015) 2468–2477, https://doi.org/10.1158/ 
0008-5472.CAN-14-2843. Epub 2015 Apr 14. 

[21] G. D’Souza, K. Cullen, J. Bowie, R. Thorpe, C. Fakhry, Differences in oral sexual 
behaviors by gender, age, and race explain observed differences in prevalence of 
oral human papillomavirus infection, PLoS One 9 (1) (2014 Jan 24), e86023, 
https://doi.org/10.1371/journal.pone.0086023 eCollection 2014. 

[22] Z.R. Edelstein, S.M. Schwartz, S. Hawes, J.P. Hughes, Q. Feng, M.E. Stern, 
S. O’Reilly, S.K. Lee, L. Fu Xi, L.A. Koutsky, Rates and determinants of oral human 
papillomavirus infection in young men, Sex. Transm. Dis. 39 (2012) 860–867, 
https://doi.org/10.1097/OLQ.0b013e318269d098. 

[23] M.L. Gillison, G. D’Souza, W. Westra, E. Sugar, W. Xiao, S. Begum, R. Viscidi, 
Distinct risk factor profiles for human papillomavirus type 16-positive and human 
papillomavirus type 16-negative head and neck cancers, J. Natl. Canc. Inst. 100 
(2008) 407–420, https://doi.org/10.1093/jnci/djn025. Epub 2008 Mar 11. 

[24] I.U. Park, C. Introcaso, E.F. Dunne, Human papillomavirus and genital warts: a 
review of the evidence for the 2015 centers for disease control and prevention 
sexually transmitted diseases treatment guidelines, Clin. Infect. Dis. 61 (2015), 
https://doi.org/10.1093/cid/civ813. Suppl. 8 S849-855. 

[25] A.R. Giuliano, Human papillomavirus vaccination in males, Gynecol. Oncol. 107 
(2007). Suppl. 1 S24-6. Review. 

[26] C. Fakhry, M.L. Gillison, G. D’Souza, Tobacco use and oral HPV-16 infection, JAMA 
312 (2014) 1465–1467, https://doi.org/10.1001/jama.2014.13183. 

[27] E.C. Paver, A.M. Currie, R. Gupta, J.E. Dahlstrom, Human papilloma virus related 
squamous cell carcinomas of the head and neck: diagnosis, clinical implications 
and detection of HPV, Pathology 52 (2020) 179–191, https://doi.org/10.1016/j. 
pathol.2019.10.008. 

[28] M. Hoffmann, E.S. Quabius, S. Tribius, S. Gebhardt, T. Görögh, J. Hedderich, 
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[62] V. Colón-López, M.S. Shiels, M. Machin, A.P. Ortiz, H. Strickler, P.E. Castle, R. 
M. Pfeiffer, E.A. Engels, Anal cancer risk among people with HIV infection in the 
United States, J. Clin. Oncol. 36 (2018) 68–75, https://doi.org/10.1200/ 
JCO.2017.74.9291. 

E.S. Quabius et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.oraloncology.2019.03.019
https://doi.org/10.1016/j.oraloncology.2014.02.012
https://doi.org/10.1200/JCO.2017.74.9291
https://doi.org/10.1200/JCO.2017.74.9291

	No association between HPV-status in tonsillar tissue and sexual behavior of the patients in a northern German population - ...
	1 Introduction
	2 Materials and methods
	2.1 Patient questionnaires
	2.2 HPV status of the tissue specimens
	2.3 Statistical analysis

	3 Results
	3.1 Return rate
	3.2 Patient characteristics and comparison of the 3 cohorts
	3.3 Effect of gender, smoking habit, lifetime number of sexual partners, frequency of oral sexual intercourse, sexual orien ...

	4 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	Appendix A Supplementary data
	References


