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INTRODUCTION
Human papillomavirus (HPV) is the most common viral infec-

tion of the reproductive tract, as well as the cause of a range of con-
ditions in both females and males, including genital warts, precan-
cerous lesions, and anogenital cancers(1). Nowadays, there are more 
than 200 papillomaviruses that have been identified and completely 
sequenced(2). Studies concerning HPV natural history focused on cer-
vical infection and disease, but have scarcely described the patho-
genesis and transmission of HPV in extragenital sites. Although HPV 
has already been accepted as the etiological agent for cervical and 

anal cancer, little is known about the etiology of oral and penile 
carcinoma(3). Therefore, the natural history of HPV is still under 
construction. There is much to know about how the transmission 
of HPV occurs, the behavior of this virus in extra-genital sites, and 
the synergism of co-infections by high-risk and low-risk genotypes. 
Thus, the detection of the virus in extragenital sites could help in 
understanding the cycle of infection-spread and re-infection by HPV 
in the human genital tract. This would contribute to proper screen-
ing of the virus along with clinical diagnosis, especially in the initial 
period of the injury, thus providing a better prognosis. 

OBJECTIVE
The objective of the present study was to contribute to the 

knowledge of the natural history of HPV infection, determining 
prevalence and concordance rates of HPV infection in oral, gen-
ital, and anal sites, besides evaluating risk factors that may con-
tribute to the infection. 
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RESUMO
Introdução: As infecções causadas pelos papilomavírus humanos (HPV) são responsáveis pelo desenvolvimento de cânceres em diversos sítios anatômicos 
humanos. Entretanto, a história natural da infecção em sítios que não a cérvice uterina não é muito clara. Objetivo: Avaliar infecções orais, genitais e anais 
por HPV, correlacionando taxas de prevalência do vírus e seus genótipos aos sítios de infecção e a fatores de risco sócio-demográficos. Métodos: Em nosso 
estudo, investigamos 351 amostras coletadas dos sítios oral, genital e anal de 117 pacientes, por meio da técnica de PCR MY09/11, seguida de genotipagem 
por RFLP. Todos os pacientes apresentavam lesões genitais benignas. Resultados: A prevalência do HPV foi de 89,7% (105/117) nas lesões genitais, 
53,8% (63/117) nas amostras orais e 58,9% (69/117) nas amostras anais. Em relação aos fatores de risco associados à infecção genital, encontramos 
diferenças estatísticas significativas para prática de sexo oral (p=0,039) e sexo anal (p=0,0000012). Já para as amostras orais, observamos importante 
correlação entre infecção e uso de contraceptivo oral (p=0,039), tabagismo (p=0,036) e uso de álcool (p=0,0075) enquanto nas amostras anais, alto risco 
de infecção pelo HPV foi associado a pacientes relatando parceiros sexuais não exclusivos (p=0,013). A presença do DNA viral simultaneamente nos três 
sítios estudados foi observada em 36,8% dos casos (43/117). Desses, 18% (21/117) apresentaram genótipos concordantes, diferindo da literatura, na qual 
há grande disparidade de descrições. Conclusão: Há a necessidade de novos estudos a fim de esclarecer a história natural do HPV em sítios extragenitais 
em diferentes populações, avaliando características anatômicas e fisiológicas com o intuito de esclarecer diferentes taxas de infecção por genótipos do HPV 
e diferentes processos de doença.
Palavras-chave: papillomaviridae; ferimentos e lesões; genitália.

ABSTRACT
Introduction: HPV infection causes cancer at several anatomical sites. However, the infection’s natural history in non-cervical sites is understudied. 
Objective: To evaluate oral and anogenital HPV infections, correlating HPV prevalence rates and genotypes with site of infection and risk factors. 
Methods: In the present study, 351 samples from oral, genital, and anal sites of 117 patients were investigated by using PCR MY09/11 detection, followed 
by genotyping with RFLP. Results: HPV DNA prevalence was 89.7% (105/117) in genital lesions, 53.8% (63/117) in oral samples, and 58.9% (69/117) 
in anal samples. Regarding the risk factors associated with HPV in genital lesions, statistically significant rates for oral (p=0.039) and anal sex practices 
(p=0.0000012) were found. For oral samples, a relevant correlation concerning oral contraceptive use (p=0.039), tobacco smoking (p=0.036), and alcohol 
use (p=0.0075) were observed; whereas in anal samples, higher risk for HPV infection in patients who reported non-exclusive sexual partners (p=0.013) 
were found. The presence of viral DNA in all the three sites concurrently was observed in 36.8% of the cases (43/117). Among them, 18% (21/117) 
presented concordant HPV genotypes, diverging from the literature, and thus corroborating that there is still much to learn about HPV natural history, since 
different biological behaviors are expected within different populations. Differences in anatomy and physiology of the studied sites can determine different 
prevalence rates of infection by diverse genotypes. Conclusion: Due to the high prevalence of HPV DNA in extragenital sites, further studies are required 
to define aspects of HPV natural history among different human anatomical sites.
Keywords: papillomaviridae; wounds and injuries; genitalia.
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METHODS
This is a cross-sectional study, comprising 117 patients, totaling 

351 samples, conducted in the Virological Diagnostic Laboratory of 
Universidade Federal Fluminense (UFF). The study was approved 
by the Ethics Committee of UFF (CAAE:36683514.0.0000.5243). 
Samples were collected between January 2013 and December 2018 
in the Sexually Transmitted Diseases (STD) Sector of UFF and in the 
STD Sector of Santa Casa de Misericórdia of Rio de Janeiro. In order 
to participate, patients needed to had genital warts clinically diag-
nosed by doctors. Three samples were concurrently taken from each 
patient: genital, oral, and anal. Genital samples were biopsies of benign 
lesions, whereas anal and oral samples were only healthy mucosa 
smears. Samples were collected with Tris-EDTA buffer (pH 7.2) and 
frozen at -20°C until their use. Oral and anal samples were collected 
with cytobrush, in which the brush is inserted in the anal canal and 
oral cavity, and rotated 360º three times. They were later transported 
to the Virological Diagnostic Laboratory of UFF and kept at -20°C.

Questionnaire
Epidemiological data were collected at the enrollment visit to 

the STD Sector of UFF and Santa Casa de Misericórdia do Rio de 
Janeiro. For this, the doctor who collected the samples performed 
the questionnaire. Information collected was as follows: sociode-
mographic characteristics (including sexual history and sexual prac-
tices), history of STI, oral contraceptive consumption, and drug con-
sumption (tobacco, alcohol).

DNA extraction
Samples were incubated in digestion buffer for 4 h at 56°C [10 

mM Tris hydrochloric acid (pH 8.3), 1mM EDTA (pH 8.0), 0.5% 
Tween 20, 400μg/mL proteinase K] and subsequently extracted with 
the use of phenol/chloroform/isoamyl alcohol (25:24:1). DNA was 
precipitated with one-tenth volume of 0.3 M sodium acetate and 
three volumes of ice-cold 100% ethanol, washed with 70% ethanol, 
air-dried, and suspended in 50 μL of sterile water.

HPV Generic Polymerase chain reaction (PCR)
For detecting HPV-MY09/11(4), consensus primers that amplify 

450-bp DNA sequences within the L1 region of HPV were used to 
detect generic HPV DNA. Amplification was carried out in 50 μL 
of reaction mixture [1 x PCR buffer, 200 mM deoxynucleotide tri-
phosphates (dNTPs), 1.5 mM MgCl2, 50pmoles of each primer, 
0.25 units (U) of Taq polymerase, and 5 μL of DNA sample] with 
35 cycles of amplification. Each cycle included a denaturation step 
at 94°C for 1 min, an annealing step at 55°C for 2 min, and a chain 
elongation step at 72°C for 2 min with the use of a Lifetech DNA 
thermal cycler (USA). Beta-actin primers Ac1 and Ac2 (0.1pmol 
each), which amplify a 330-bp region of human DNA, were used 
as an internal control. Negative controls for checking contamination 
were added to the DNA template. PCR products were analyzed on 
1.3% agarose gel with ethidium bromide staining for visualization 
of DNA under UV light; their molecular weights were determined 
by comparison with a 100-bp DNA ladder(5).

HPV genotyping – Specific PCR
Typing was done by PCR amplification with primers for the E6 

gene of HPVs 6, 11, 16, 18, 31, 33, 35, 45, and 58(4). All the 351 
studied samples were submitted to this reaction. Amplification was 
carried out in 50μL of reaction mixture (1 x PCR buffer, 200mM 
dNTPs, 1.5mM MgCl2, 50pmoles of each primer, 0.25U of Taq 
polymerase, and 5μL of DNA sample) with 35 cycles of amplifica-
tion. Each cycle included a denaturation step at 94°C for 30 sec, an 
annealing step at 55°C for 30 sec, and a chain elongation step at 72°C 
for 1 min with the use of a DNA thermal cycler. Negative controls 
for checking contamination were added to the DNA template. PCR 
products were analyzed on 1.3% agarose gel with ethidium bromide 
staining for visualization of DNA under UV light; their molecular 
weights were determined by comparison with a 100-bp DNA ladder(5).

HPV genotyping – PCR (RFLP) analysis
HPV typing was done with RFLP (Restriction fragment length 

polymorphism) analysis after PCR amplification. The 450-bp ampl-
icons resulting from the MY09/11 PCR were submitted to digestion 
by a panel of six restriction endonucleases (BamHI, DdeI, HaeIII, 
HinfI, PstI, and RsaI) (Invitrogen, Brazil). The pattern of length 
polymorphism of each sample was analyzed on 1.3% agarose gel 
with ethidium bromide staining for visualization of DNA under UV 
light and compared with the RFLP patterns for mucosal virus types, 
as described by Bernard et al.(6) and modified by Melgaço et al.(7)

Statistical analysis
A data bank was generated and analyzed by using the Epi 

InfoTM 7 statistical software package (Center for Disease Control 
and Prevention, Atlanta, USA). The associations of qualitative fac-
tors with HPV infection in the different sites were done with the 
chi-square test; two-by-two tables were used to evaluate the asso-
ciation between a possible risk factor (‘Exposure’) and an outcome 
(‘Disease’). P-values<0.05 were considered significant.

RESULTS
The present study was composed by 351 samples from 117 patients, 

among which 33 were female and 84 were male. HPV DNA preva-
lence was 89.7% (105/117) in genital lesions, 53.8% (63/117) in oral 
samples, and 58.9% (69/117) in anal samples. Nine patients (7.7%) 
did not present infection in none of the three studied sites. On the 
other hand, in 43 patients (36.8%), HPV-DNA was detected in the 
three sites. A total of 108 out of the 117 studied cases (92.3%) had 
HPV infection in at least one site.

Regarding the risk factors associated with HPV in the stud-
ied patients’ genital lesions, statistically significant rates for oral 
(0.039) and anal sex practices (p=0.0000012) were found (Table 1). 
Receptive anal sex was related with an HPV prevalence of 82.6% 
in genital site, whereas those patients relating non-receptive anal 
sex showed a prevalence rate of only 17.4% of HPV, as shown in 
Table 1. For oral samples, there was a relevant correlation concern-
ing oral contraceptive use (p=0.039), tobacco smoking (p=0.036), 
and alcohol use (p=0.007) (Table 2). In anal samples, there were 
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statistically significant differences analyzing the presence of HPV 
in patients relating exclusive or non-exclusive sexual partners 
(p=0.013) (Table 3).

Regarding data according to sex, among the 33 female patients, 
32 (96.9%) had HPV in at least one site. HPV was shown in 31 
(93.9%) genital lesions, 14 (42.5%) oral samples, and 25 (75.7%) 
anal samples. For male patients, 78 (92.8%) were positive for HPV 
DNA, and analyzing by sample site, 74 (88.1%) genital lesions, 49 
(58.3%) oral samples, and 44 (52.3%) anal samples infected by one 
or more genotypes were detected. No statistical differences were 
found for HPV genital, or oral infection and sex (p=1). Nevertheless, 
for anal tract, female samples presented statistically relevant HPV 
prevalence rates comparing to samples of males (p=0.016) (Table 4). 

HPV genotyping showed that 89.9% of the studied samples pre-
sented low-risk types, whereas 10.1% presented high-risk HPV. 
Multiple infections were observed in 19.3% of samples, among 
which 85.2% were HPV 6/11 infections, with no relevant differ-
ences between sites. In nine samples (2.8%), defining the infecting 
genotype was not possible. The most frequent genotype in all HPV-
positive samples was HPV 11 (46%), followed by HPV 6 (42.8%), 
HPV 18 (4.1%), HPV 16 (1.9%), and HPV 45 (1.6%). HPV gen-
otypes 31, 33, 35, and 58 were not found in any of tested samples 

(Table 5). HPV 11 was the most prevalent genotype in both geni-
tal lesions and oral samples. HPV 6 prevailed over HPV 11 only in 
the anal site, but with no statistical significance (p>0.05) (Table 5).

When analyzing genotypes by sex, HPV 6 was the most fre-
quent in women, whereas HPV 11 prevailed in men. There were 
no statistical relevant differences concerning HPV types and sex 
(Table 6). On the other hand, in female oral tract, along with HPV 
6 and 11, HPV45 was found in 7.1% of the samples. For male oral 
tract, besides HPV 6 and 11, HPV 16, 18, and 45 had 2% of prev-
alence each. Considering the female anal site, there were relevant 
differences in prevalence rates of HPV 6 and HPV 11 (28 versus 
36%, p=0.02). Nevertheless, on male anal site, HPV 6 was detected 
in 31.8% of cases; HPV 11, in 25%; and HPV 18, in 6.8%.

The presence of viral DNA in all the three sites was observed in 
36.8% of cases (43/117). Among them, 18% (21/117) presented con-
cordant HPV genotypes: 12% (14/117) had at least one concordant 
type and 6% (7/117) had complete concordance among the three sites. 

DISCUSSION
In our study, genital samples were obtained from benign clinical 

infections and presented 89.7% of HPV prevalence, as expected(1). 

Table 1 – HPV DNA Prevalence in genital lesions and potential risk of  factors in patients from Sexually Transmitted Diseases clinics of  
Universidade Federal Fluminense and Sexually Transmitted Diseases Clinics of  Santa Casa de Misericórdia of  Rio de Janeiro. 
Factor Positive genital HPV (%) Negative genital HPV (%) OR (95%CI) p-value
Age (years old)

15–25 52 (50) 3 (25)
3 (0.76–11.71) 0.089

>25 52 (50) 9 (75)
Age of first sexual intercourse (years old)

Up to 17 84 (84) 11 (91.6)
- 0.160

>17 16 (16) 0
Sexual orientation

Heterosexual 102 (97.1) 11 (91.6)
3.09 (0.29–32.31) 0.350

Homosexual (MSM and WSW) 3 (2.8) 1 (8.4)
Oral sex

Receptive 83 (79) 12 (100)
- 0.039

Non-receptive 22 (21) 0
Anal sex

Receptive 86 (82.6) 2 (16.6)
23.80 (4.81–118.9) 0.000

Non-receptive 18 (17.4) 10 (83.4)
Partners

Exclusive 64 (62.1) 6 (50)
1.64 (0.49–5.44) 0.300

Non-exclusive 39 (37.8) 6 (50)
Use of condoms

Regularly 13 (13.5) 2 (16)
0.62 (0.11–3.2) 0.42

Not regularly 83 (86.5) 8 (66.6)
Oral contraceptive

Uses 4 (20) 2 (100)
- 0.75

Does not use 25 (83.3) 0
Alcohol consumption

Yes 59 (56.2) 6 (50)
1.2 (0.38–4.2) 0.45

No 46 (43.8) 6 (50)
Current smoker

Yes 35 (33.3) 3 (0.25)
1.5 (0.38–5.89) 0.41

No 70 (66.7) 9 (75)
OR reference value=1.0; MSM: men who have sex with men; WSW: woman who have sex with woman.
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Patients describing anal sex practices had a higher risk for HPV detec-
tion, especially those presenting receptive anal practices (p<0.001). 
The same elevated risk was observed for patients with oral sex prac-
tices (p=0.039) (Table 1), although it remains as an undefined and 
poorly studied risk factor among those related to sexual behavior(8). 

Out of clinically healthy oral samples, 53.8% presented HPV 
DNA. Studies have suggested that 0.6 to 14% of the population har-
bor HPV in their oral mucosa(9-12). Our high prevalence rate suggests 
that the presence of genital lesion favors oral infection, by autoi-
noculation or by oral sex practices. Termine et al.(13) found higher 
prevalence rates of oral HPV infection in women presenting cervi-
cal HPV infection, which suggest that genital HPV infection might 
represent a predisposing condition to HPV in oral mucosa (14 versus 
18%). A similar study conducted by Kofoed et al. to analyze genital 
lesions and oral HPV showed only 10.4% of HPV in oral samples(14). 
Giraldo et al. and Badaracco et al. found 37.1% oral HPV in women 
showing cervical lesion, and 50% prevalence in Brazilian and Italian 
women, respectively(15,16). However, Kreimer et al. when reviewing 
4,070 subjects, found 4.5% oral prevalence of HPV (7.5% in devel-
oping countries)(17). Therefore, there is huge disagreement about oral 
HPV prevalence and further studies are needed. Related risk factors, 

probably associated with sexual behavior, can explain such discrep-
ancies along with different sample collection and diagnostic methods. 
To the best of our knowledge, there are no guidelines or protocols 
to study oral and anal samples collection, processing, transporting, 
or purification, in opposition to studies evaluating cervical samples. 

When analyzing risk factors for oral infection, tobacco smoking 
(p=0.036) and alcohol use (p=0.007) were statistically related to 
HPV infection (Table 2). Alcohol use is already known to be asso-
ciated with a poor effectiveness of the local immune system; and 
dehydration compromises immune cells migration, especially den-
dritic cells(18). Besides that, alcohol is also associated with an altered 
sexual behavior, which can result in higher risk of exposition(19). 
As to tobacco smoking, tobacco and nicotine are known for induc-
ing not just changes of cervical cells, morphologically, but also in 
oral cells(20,21). An unexpected correlation was found concerning oral 
contraceptive use, and a protection effect against HPV (p=0.039) was 
shown, maybe due to a periodical attendance in medical care and 
guidance on safe sex practices. Despite the suggestion about the use 
of oral contraceptives increasing the chances of cervical carcinogen-
esis associated with HPV infection, like Moreno et al. pointed out, t, 
but no studies linking risk of infection, hormones, and cancer were 

Table 2 – HPV DNA Prevalence in oral cavity and potential risk of  factors in patients from Sexually Transmitted Diseases clinics of  
Universidade Federal Fluminense and Sexually Transmitted Diseases Clinics of  Santa Casa de Misericórdia of  Rio de Janeiro.
Factor Positive oral HPV (%) Negative oral HPV (%) OR (95%CI) p-value
Age (years old)

15–25 26 (41.2) 28 (52.8)
0.62 (0.30–1.31) 0.145

>25 52 (58.7) 25 (47.2)
Age of first sexual intercourse (years old)

Up to 17 47 (82.4) 41 (87.3)
2.29 (0.76–6.80) 0.106

>17 10 (17.5) 6 (12.7)
Sexual orientation

Heterosexual 61 (96.8) 51 (96.2)
1.19 (0.16–8.79) 0.620

Homosexual (MSM and WSW) 2 (3.2) 2 (3.7)
Oral sex

Receptive 53 (84.1) 41 (77.3)
1.5 (0.61–3.9) 0.240

Non-receptive 10 (15.8) 12 (22.7)
Anal sex

Receptive 10 (16.1) 6 (11.5)
1.47 (0.49–4.37) 0.330

Non-receptive 52 (83.8) 46 (88.5)
Partners

Exclusive 38 (61.2) 29 (54.7)
1.21 (0.57–2.50) 0.370

Not exclusive 26 (41.9) 24 (45.2)
Use of condoms

Regularly 10 (17.2) 6 (12.2)
1.49 (0.5–4.45) 0.320

Not regularly 48 (82.7) 43 (87.8)
Oral contraceptive

Uses 0 4 (23.5)
- 0.039

Does not use 12 (100) 13 (76.4)
Use of alcohol

Yes 42 (66.7) 23 (42.5)
2.96 (1.27–5.71) 0.007

No 21 (33.3) 31 (57.5)
Current smoker

Yes 25 (39.6) 13 (24)
2.075 (0.930–4.62) 0.036

No 38 (60.6) 41 (76)
OR reference value=1.0; MSM: men who have sex with men; WSW: woman who have sex with woman.
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conducted(22). For Kreimer and colleagues, a new oral HPV infec-
tion was significantly higher in men who were single, separated, or 
widowed; for tobacco smokers and bisexual people the same was 
true, but was not related to oral sex practices(23).

Regarding the anal samples studied, there was a prevalence of 
HPV of 59% (Table 3). There are divergent results from few studies, 
and prevalence rates can vary from 1 to 28% in the immune compe-
tent population(14,24,25). The studied patients presented genital HPV 
lesions that could favor HPV spread by either sex practices or auto 
inoculation. In a study with men who have sex with men (MSM), 
HPV rate in a healthy anal site reached 70%(26). In fact, a significant 
association between infection and non-exclusive sexual partners was 
found, highlighting that an exclusive sexual partner protects against 
anal HPV infection (p=0.013) (Table 4). 

In fact, when comparing both extragenital sites studied, no dif-
ferences in rates of HPV infection were observed in healthy oral 
and anal sites (p>0.05), probably due to the anatomy-physiological 
similitude of these mucosal sites. 

In the present study, the male population prevailed, and no statis-
tical differences were found between genera regarding HPV infec-
tion for both anal and genital sites (Table 4). For oral infections, 

HPV DNA were more frequent in male than in female, but without 
statistical relevance. Our results partially agree with the available 
literature, which described oral HPV in men as three times more 
common than in women, and with higher risk of malignant conver-
sion(27). Some authors have also showed oral transmission related 
to sexual behavior and suggested a discrepant rate of HPV between 
sexes due to hormonal effects, anatomy-physiological differences 
between sites, as well as to sexual behavior. As to HPV infection 
in the anal site, the opposite of what was observed in oral mucosa 
was found here, with HPV prevalence in healthy anal mucosa higher 
in women than in men (p=0.016) (Table 4). Although anal mucosa 
can be infected by self-inoculation, and act as a reservoir which can 

Table 3 – HPV DNA Prevalence in anal site and potential risk of  factors in patients from Sexually Transmitted Diseases clinics of  
Universidade Federal Fluminense and Sexually Transmitted Diseases Clinics of  Santa Casa de Misericórdia do Rio de Janeiro.
Factor Positive anal HPV (%) Negative anal HPV (%) OR (95%CI) p-value
Age (years old)

15–25 32 (47) 23(4.8)
0.96 (0.46–2.05) 0.530

>25 36 (53) 25 (52)
Age of first sexual intercourse (years old)

Up to 17 57 (83.8) 38 (88.3)
0.68 (0.21–2.1) 0.350

>17 11 (16.2) 5 (11.7)
Sexual orientation

Heterosexual 66 (97) 46 (97.8)
0.710 (0.063–8.140) 0.630

Homosexual (MSM and WSW) 2 (3) 1 (2.2)
Oral sex

Receptive 54 (78.3) 40 (85.1)
0.63 (0.23–1.6) 0.240

Non-receptive 15 (21.7) 7 (17.5)
Anal sex

Receptive 11 (16.4) 5 (10.6)
0.23 (0.57–5.5) 0.230

Non-receptive 52 (77.6) 42 (89.4)
Partners

Exclusive 10 (16.3) 16 (34)
0.330 (0.135–0.823) 0.013

Not exclusive 51 (85.2) 31 (66)
Use of condoms

Regularly 10 (16.3) 6 (13.6)
1.24 (0.41–3.71) 0.450

Not regularly 51 (85.2) 38 (86.3)
Oral contraceptive

Uses 2 (8.4) 2 (28.5)
0.21 (0.02–2.02) 0.210

Does not use 22 (91.6) 5 (71.5)
Use of alcohol

Yes 25 (36.2) 21(43.8)
0.73 (0.34–1.55) 0.260

No 44 (63.7) 27 (56.2)
Current smoker

Yes 25 (36.2) 13 (27)
1.53 (0.68–3.41) 0.200

No 44 (63.7) 35 (73)
OR reference value=1.0; MSM: men who have sex with men; WSW: woman who have sex with woman.

Table 4 – HPV DNA prevalence separated by sex and sites of  infection.

Site of infection
Female (n=33) Male (n=84)

p-value
HPV (+) (%) HPV (+) (%)

Genital lesions 31 (93.9) 74 (88.1) 0.470
Oral sample 14 (42.5) 49 (58.3) 0.240
Anal sample 25 (75.5) 44 (52.3) 0.016
Total 70 (70.7) 167 (66.2) 0.390
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eventually result in injury(27) our results suggest that the acquisition 
of infection at this site, though asymptomatic, is more frequently 
associated with sexual behavior, as suggested by King et al.(8)

The efficacy of the vaccine against oral HPV infection is under 
study(28). High prevalence, found by the present study for both sexes, 
indicated the relevance of analyzing HPV vaccine for oral infec-
tions, as the oral mucosa has several factors that contribute to virus 
infection and mainly act as a source of viral transmission. A study in 

Costa Rica with women who were vaccinated showed a decreased 
of oral genotypes prevalence in the vaccine after four years of vac-
cination(29). For men, further studies are needed to better report on 
the benefits of HPV vaccination in this population, due to the higher 
prevalence of oral HPV infection, already shown(27).

Regarding the viral genotypes evaluated in the present study, the 
most prevalent low-risk genotypes were detected worldwide: HPV6 
and 11 (Table 5)(30-33). Certain prevalence discrepancies between the 

Table 5 – HPV genotypes Prevalence found in the 117 patients from Sexually Transmitted Diseases Clinics of  Universidade Federal 
Fluminense and Sexually Transmitted Diseases Clinics of  Santa Casa de Misericórdia do Rio de Janeiro.

Site of infection
Prevalence of HPV genotypes

HPV6 (%) HPV11 (%) HPV16 (%) HPV 18 (%) HPV45 (%) HPVx* (%) HPV mixed** (%)

Genital lesions 34 (29) 37 (31.6) 2 (1.7) 1 (0.9) 1 (0.9) - 30 (25.6)

Oral sample 14 (11.9) 21 (17.9) 1 (0.9) 1 (0.9) 3 (2.5) 4 (3.4) 19 (16.2)

Anal sample 21 (17.9) 20(17.1) - 4 (3.4) - 5 (4.2) 19 (16.2)

Total*** 69 (59) 78 (66.6) 3 (2.5) 6 (5.1) 4 (3.4) 9 (7.6) 68 (58.1)

*HPVx: Positive samples for HPV generic PCR (MY06/MY11) but negative for Specific PCR (for all six different primers tested); **HPV mixed: The pres-
ence of two or more different genotypes; ***n=117 genital, 117 oral, and 117 anal samples.

Table 6 – Prevalence of  HPV genotypes in different sites, separated by sex.
Female genital lesion (n=31)* Male genital lesion (n=74)*

HPV genotype Samples (%) HPV genotype Samples (%)
HPV6 12 (38.7) HPV6 22 (29.7)
HPV11 11 (35.5) HPV11 26 (35.1)

HPV6 and HPV11 6 (19.3) HPV6 and HPV11 21 (28.3)
HPV11 and HPV18 1 (3.2) HPV16 2 (2.7)

HPV6 and HPV11 HPV18 1 (3.2) HPV18 1 (1.4)
- - HPV45 1 (1.4)
- - HPV6 and HPV16 1 (1.4)

Female oral samples (n=14)** Male oral samples (n=49)**
HPV genotype Samples (%) HPV genotype Samples (%)

HPV6 5 (35.7) HPV6 9 (18.3)
HPV11 4 (28.5) HPV11 17 (34.7)

HPV6 and HPV11 4 (28.5) HPV6 and HPV11 12 (24.5)
- - HPV16 1 (2)
- - HPV18 1 (2)

HPV45 1 (7.1) HPV45 2 (4)
- - HPV6 and HPV18 1 (2)
- - HPVV11 and HPV18 1 (2)
- - HPV6 and HPV11 HPV16 and HPV18 1 (2)

HPVX 4 (8.1)
Female anal samples (n=25)*** Male anal samples (n=44)***

HPV genotype Samples (%) HPV genotype Samples (%)
HPV6 7 (28) HPV6 14 (31.8)
HPV11 9 (36) HPV11 11 (25)

HPV6 and HPV11 6 (24) HPV6 and HPV11 9 (20.4)
HPV18 1 (4) HPV18 3 (6.8)

HPV6 and HPV11 HPV18 2 (8) HPV11 and HPV18 1 (2.2)
- - HPV6 and HPV11 HPV16 and HPV18 HPV45 1 (2.2)
- - HPVX 5 (11.3)

*Total of 31 female genital positive samples and 74 male genital samples positive for the virus; **total of 14 female oral positive samples and 49 male 
oral positive samples for the virus; ***total of 25 female anal positive samples and 44 positive male anal samples for the virus.
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different sites of infection separately by sex were also observed. 
Primarily, observing the same anatomical site in different sexes, HPV6 
was more prevalent in female oral mucosa than in male oral mucosa. 
This finding is interesting, since a similar percentage was expected 
for both sexes. However, similar HPV11 oral mucosa’s prevalence 
in both sexes was observed (Table 6, p>0.05). Indeed, a statistical 
difference of HPV 11 prevalence comparing the anal sites could be 
noted, with a higher prevalence in women (p=0.003). To summarize, 
differences in anatomy and physiology between male and female 
hosts could explain such discrepancies in prevalence.

As shown in Table 6, comparing different anatomical sites and 
same sex, HPV11 obtained a higher prevalence compared to the 
male anal mucosa in which HPV 6 prevailed. This discrepancy may 
be explained by site restriction factors, allowing HPV11 to adapt 
to male mucosa due to a higher plasticity compared to HPV6, and 
hence a wide spread in different host sites. Moreover, among the 
12 cases negative for the virus in genital lesions, there were three 
cases in which HPV DNA was exclusively detected in oral mucosa, 
all with HPV11. In the present study, HPV 11 in different sites of 
infection was observed, especially in the oral mucosa, reinforcing 
that this genotype may have undergone evolutionary changes lead-
ing to better adaptation to different sites. It is also possible that some 
intrinsic factor of the host, such as the body’s defense system that 
favors some front sites of infection to other HPV genotypes, could 
be responsible for doing that.

Although healthy tissue samples with high prevalence of low-
risk oncogenic genotypes were studied, it is of utmost importance 
remembering that the presence of high-risk types can determine the 
malignant conversion in these tissues. Throughout the entire study, 
2.5% HPV 16; 5% HPV18; and 3.4% HPV45 in single infection 
were found. The Global prevalence of HPV 16 found in reviews by 
Kreimer et al. was 1.3%, and men and women had the same prev-
alence(17), reinforced by Bruni et al. HPV 45 was also detected in 
both sexes, in healthy oral mucosa. As it is described as an insidious 
HPV genotype that can be found in malignant lesions but not fre-
quently in premalignant ones, it can represent a silent carcinogen. 
The considered low-risk genotypes may be involved in the malig-
nant transformation of all the three studied sites(34,35).

There are few studies that assess the concurrent infections in the 
genital, oral, and anal sites; and even more scarce is the work study-
ing heterosexual populations. When the presence of HPV in the dif-
ferent sites were analyzed, the presence of viral DNA in the three 
sites (genital, oral, and anal) were found simultaneously in 36.8% 
of cases (43 total cases, 13 females and 30 male). For Videla and 
colleagues, and King and colleagues, the prevalence of HPV in the 
three sites reached 6 and 9% in asymptomatic men who have sex 
with men (MSM), HIV-positive and HIV-negative, respectively(8,36). 
Our results are not in agreement with what was mentioned by the 
authors but we studied a population with genital lesions already 
diagnosed, which increases the chances of finding the viral DNA in 
other sites of infection. 

Scientific literature has shown several works with infections in 
paired sites data. Seen that, we also evaluated paired sites. Our study 
found the presence of viral DNA in the genital and anal sites, simul-
taneously, in 57.2% of patients (67/117 OR=8.80, 95%CI=1.83–
42.35, p=0.002; RR=3.82). This high prevalence can be possibly 

explained by anatomical proximity of the two sites of infection, 
and the ratio risk of genital infection extending itself to the anal 
tract was almost four times. Simultaneous DNA viral presence in 
the oral and genital sites was observed in 49.5% of patients (58/117 
OR=1.70, 95%CI=0.51–5.79; p=0.27, RR=1.32), which can also be 
explained by the sexual practices of the population studied, since 
only 13% of them did not practice oral sex (Table 1). Finally, the 
concurrent oral and anal infections were found in 38.4% of studied 
patients (45/117 OR=3.12, 95%CI=1.45–6.72; p=0.002; RR=1.61), 
with lower risk, but still relevant. Kofoed et al. found concomitant 
anal/genital infections in 78.1% of studied patients, oral/anal infec-
tions in 21.7% of them, and oral/genital infections in 60.9% of the 
studied subjects(14). Videla and colleagues found that percentage of 
simultaneous infection in paired sites was lower than in other stud-
ies: 21% in the anal/genital sites, 14% in oral/anal, and 7% in oral/
genital(36). This wide divergence of results confirms that there is still 
much to learn about the natural history of the virus, since HPV may 
have a different biological behavior in different populations and we 
may be dealing with important socio-epidemiological differences 
among the populations studied.

One of the study limitations was the reduced sample size. 
Besides that, there are no guidelines or protocols to study oral 
and anal samples collection, processing, transporting, or purifica-
tion, in opposition to studies evaluating cervical samples, which 
reinforces the need for subsequent studies. Nevertheless, the high 
prevalence of HPV in multiple sites of patients showing genital 
infection was described, thus contributing to the knowledge of the 
natural history of HPV.

Our results support that genital HPV infections do not predis-
pose an oral infection, or the inverse: an oral infection does not 
indicate the viral presence in the genital site for both sexes, as well 
as the results described in the Rautava and Syrjänen meta-analysis 
show(37). However, there are high rates of concordant types, differ-
ent from what was described by these authors. When studying the 
43 patients who had infections simultaneously in the three sites, 14 
(12%) achieved an agreement of at least one viral type and seven 
(6%) cases obtained the full agreement of the types in the three sites, 
totaling 21 (18%) concordant cases. Termine and colleagues stated 
that concordant types are most prevalent (24%) than expected by 
chance, suggesting a dependent relation between sites. 

Strengths
The high prevalence of HPV DNA found by the present study, 

in both sexes, indicates the relevance of analyzing HPV vaccine for 
oral infections, as the oral mucosa has several factors that contribute 
to virus infection and mainly act as a source of viral transmission. 
Data herein contribute to the knowledge of HPV’s natural history.

Limitations
One of the study limitations was its reduced sample size. Besides 

that, there are no guidelines or protocols to study oral and anal sam-
ples collection, processing, transporting or purification, in opposition 
to studies evaluating cervical samples, which reinforces the need 
for subsequent studies to evaluate guidelines for diagnosing HPV. 
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CONCLUSION
In the present study, the relation among HPV genotypes and site 

of infection were described. It seems to be an important feature 
regarding the natural history of infection with great spread of effi-
ciency in the host. 
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IARC Information Centre on HPV and Cancer (HPV Information Centre). 
Human Papillomavirus and Related Diseases in the World [Internet]. 
Summary Report 17 June 2019. [Accessed on Dec 15, 2019] Available in: 
https://www.hpvcentre.net/statistics/reports/XWX.pdf

2. Doorbar J, Egawa N, Griffin H, Kranjec C, Murakami I. Human 
papillomavirus molecular biology and disease association. Rev Med Virol. 
2015;25 Suppl 1:2-23. https://doi.org/10.1002/rmv.1822

3. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal 
cancer. Oral Oncol. 2009;45(4-5):309-16. https://doi.org/10.1016/j.
oraloncology.2008.06.002

4. Manos M, Ting Y, Wright D, Lewis A, Broker T, Wolinsky S. The use 
of polymerase chain reaction amplification for the detection of genital 
human papillomaviruses. Cancer Cells. 1989;7(17):209-14. https://
www.scienceopen.com/document?vid=9ec5d1ec-05b8-486f-aa20-
7279b7add122

5. Afonso LA, Moyses N, Alves G, Ornellas AA, Passos MRL, Oliveira 
LHS, et al. Prevalence of human papillomavirus and Epstein-Barr virus 
DNA in penile cancer cases from Brazil. Mem Inst Oswaldo Cruz. 
2012;107(1):18-23. https://doi.org/10.1590/s0074-02762012000100003

6. Bernard HU, Chan SY, Manos MM, Ong CK, Villa LL, Delius H, 
et al. Identification and assessment of known and novel human 
papillomaviruses by polymerase chain reaction amplification, restriction 
fragment length polymorphisms, nucleotide sequence, and phylogenetic 
algorithms. J Infect Dis. 1994;170(5):1077-85. https://doi.org/10.1093/
infdis/170.5.1077

7. Melgaco FG, Rosa ML, Augusto EF, Haimuri JG, Jacintho C, Santos 
LS, et al. Human papillomavirus genotypes distribution in cervical 
samples from women living with human immunodeficiency virus. Arch 
Gynecol Obstet. 2011;283(4):809-17. https://doi.org/10.1007/s00404-
010-1443-z

8. King EM, Gilson R, Beddows S, Soldan K, Panwar K, Young C, et al. 
Oral human papillomavirus (HPV) infection in men who have sex with 
men: prevalence and lack of anogenital concordance. Sex Transm Infect. 
2015;91(4):284-6. https://doi.org/10.1136/sextrans-2014-051955

9. Xavier SD, Bussoloti Filho I, Carvalho JM, Castro TM, Framil VM, 
Syrjanen KJ. Prevalence of human papillomavirus (HPV) DNA in oral 
mucosa of men with anogenital HPV infection. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2009;108(5):732-7. https://doi.org/10.1016/j.
tripleo.2009.06.020

10. Kurose K, Terai M, Soedarsono N, Rabello D, Nakajima Y, Burk RD, 
et al. Low prevalence of HPV infection and its natural history in normal 
oral mucosa among volunteers on Miyako Island, Japan. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 2004;98(1):91-6. https://doi.
org/10.1016/j.tripleo.2003.12.029

11. Sacramento PR, Babeto E, Colombo J, Cabral Ruback MJ, Bonilha JL, 
Fernandes AM, et al. The prevalence of human papillomavirus in the 
oropharynx in healthy individuals in a Brazilian population. J Med Virol. 
2006;78(5):614-8. https://doi.org/10.1002/jmv.20583

12. Smith EM, Swarnavel S, Ritchie JM, Wang D, Haugen TH, Turek LP. 
Prevalence of human papillomavirus in the oral cavity/oropharynx 
in a large population of children and adolescents. Pediatr Infect Dis J. 
2007;26(9):836-40. https://doi.org/10.1097/inf.0b013e318124a4ae

13. Termine N, Giovannelli L, Matranga D, Caleca MP, Bellavia C, Perino 
A, et al. Oral human papillomavirus infection in women with cervical 
HPV infection: new data from an Italian cohort and a metanalysis of 
the literature. Oral Oncol. 2011;47(4):244-50. https://doi.org/10.1016/j.
oraloncology.2011.02.011

14. Kofoed K, Sand C, Forslund O, Madsen K. Prevalence of human 
papillomavirus in anal and oral sites among patients with genital warts. Acta 
Derm Venereol. 2014;94(2):207-11. https://doi.org/10.2340/00015555-1718

15. Giraldo P, Goncalves AK, Pereira SA, Barros-Mazon S, Gondo ML, 
Witkin SS. Human papillomavirus in the oral mucosa of women with 
genital human papillomavirus lesions. Eur J Obstet Gynecol Reprod Biol. 
2006;126(1):104-6. https://doi.org/10.1016/j.ejogrb.2005.09.009

16. Badaracco G, Venuti A, Di Lonardo A, Scambia G, Mozzetti S, 
Benedetti Panici P, et al. Concurrent HPV infection in oral and 
genital mucosa. J Oral Pathol Med. 1998;27(3):130-4. https://doi.
org/10.1111/j.1600-0714.1998.tb01928.x

17. Kreimer AR, Bhatia RK, Messeguer AL, Gonzalez P, Herrero R, Giuliano 
AR. Oral human papillomavirus in healthy individuals: a systematic 
review of the literature. Sex Transm Dis. 2010;37(6):386-91. https://doi.
org/10.1097/olq.0b013e3181c94a3b

18. Poppe WA, IPS, Drijkoningen MP, Lauweryns JM, Van Assche FA. 
Tobacco smoking impairs the local immunosurveillance in the uterine 
cervix. An immunohistochemical study. Gynecol Obstet Invest. 
1995;39(1):34-8. https://doi.org/10.1159/000292372

19. Cavalcanti SM, Zardo LG, Passos MR, Oliveira LH. Epidemiological 
aspects of human papillomavirus infection and cervical cancer in Brazil. J 
Infect. 2000;40(1):80-7. https://doi.org/10.1053/jinf.1999.0596

20. IARC. Monographs on the evaluation of carcinogenic risks to humans. 
Volume 83. Lyon: IARC; 2004.

21. Hernandez M, Dutzan N, Garcia-Sesnich J, Abusleme L, Dezerega 
A, Silva N, et al. Host-pathogen interactions in progressive chronic 
periodontitis. J Dent Res. 2011;90(10):1164-70. https://doi.
org/10.1177/0022034511401405

22. Moreno V, Bosch FX, Munoz N, Meijer CJ, Shah KV, Walboomers JM, 
et al. Effect of oral contraceptives on risk of cervical cancer in women 
with human papillomavirus infection: the IARC multicentric case-control 
study. Lancet. 2002;359(9312):1085-92. https://doi.org/10.1016/s0140-
6736(02)08150-3

23. Kreimer AR, Pierce Campbell CM, Lin HY, Fulp W, Papenfuss MR, 
Abrahamsen M, et al. Incidence and clearance of oral human papillomavirus 
infection in men: the HIM cohort study. Lancet. 2013;382(9895):877-87. 
https://doi.org/10.1016/s0140-6736(13)60809-0

24. Nicolau SM, Camargo CG, Stavale JN, Castelo A, Dores GB, Lorincz 
A, et al. Human papillomavirus DNA detection in male sexual partners 
of women with genital human papillomavirus infection. Urology. 
2005;65(2):251-5. https://doi.org/10.1016/j.urology.2004.09.031

25. Nyitray AG, Smith D, Villa L, Lazcano-Ponce E, Abrahamsen M, Papenfuss 
M, et al. Prevalence of and risk factors for anal human papillomavirus 
infection in men who have sex with women: a cross-national study. J 
Infect Dis. 2010;201(10):1498-508. https://doi.org/10.1086/652187

https://www.hpvcentre.net/statistics/reports/XWX.pdf
https://doi.org/10.1002/rmv.1822
https://doi.org/10.1016/j.oraloncology.2008.06.002
https://doi.org/10.1016/j.oraloncology.2008.06.002
https://www.scienceopen.com/document?vid=9ec5d1ec-05b8-486f-aa20-7279b7add122
https://www.scienceopen.com/document?vid=9ec5d1ec-05b8-486f-aa20-7279b7add122
https://www.scienceopen.com/document?vid=9ec5d1ec-05b8-486f-aa20-7279b7add122
https://doi.org/10.1590/s0074-02762012000100003
https://doi.org/10.1093/infdis/170.5.1077
https://doi.org/10.1093/infdis/170.5.1077
https://doi.org/10.1007/s00404-010-1443-z
https://doi.org/10.1007/s00404-010-1443-z
https://doi.org/10.1136/sextrans-2014-051955
https://doi.org/10.1016/j.tripleo.2009.06.020
https://doi.org/10.1016/j.tripleo.2009.06.020
https://doi.org/10.1016/j.tripleo.2003.12.029
https://doi.org/10.1016/j.tripleo.2003.12.029
https://doi.org/10.1002/jmv.20583
https://doi.org/10.1097/inf.0b013e318124a4ae
https://doi.org/10.1016/j.oraloncology.2011.02.011
https://doi.org/10.1016/j.oraloncology.2011.02.011
https://doi.org/10.2340/00015555-1718
https://doi.org/10.1016/j.ejogrb.2005.09.009
https://doi.org/10.1111/j.1600-0714.1998.tb01928.x
https://doi.org/10.1111/j.1600-0714.1998.tb01928.x
https://doi.org/10.1097/olq.0b013e3181c94a3b
https://doi.org/10.1097/olq.0b013e3181c94a3b
https://doi.org/10.1159/000292372
https://doi.org/10.1053/jinf.1999.0596
https://doi.org/10.1177/0022034511401405
https://doi.org/10.1177/0022034511401405
https://doi.org/10.1016/s0140-6736(02)08150-3
https://doi.org/10.1016/s0140-6736(02)08150-3
https://doi.org/10.1016/s0140-6736(13)60809-0
https://doi.org/10.1016/j.urology.2004.09.031
https://doi.org/10.1086/652187


Human Papillomavirus infection in oral and anogenital sites 9

DST - J bras Doenças Sex Transm 2021;33:e213302:1-9 

26. Glick SN, Feng Q, Popov V, Koutsky LA, Golden MR. High rates of 
incident and prevalent anal human papillomavirus infection among young 
men who have sex with men. J Infect Dis. 2014;209(3):369-76. https://doi.
org/10.1093/infdis/jit441

27. Gillison ML, Broutian T, Pickard RKL, Tong ZY, Xiao WH, Kahle L, 
et al. Prevalence of Oral HPV Infection in the United States, 2009-2010. 
JAMA. 2012;307(7):693-703. https://doi.org/10.1001/jama.2012.101

28. Beachler DC, Gonzales FA, Kobrin SC, Kreimer AR. HPV vaccination 
initiation after the routine-recommended ages of 11-12 in the United 
States. Papillomavirus Res. 2016;2:11-6. https://doi.org/10.1016/j.
pvr.2015.12.001

29. Herrero R, Quint W, Hildesheim A, Gonzalez P, Struijk L, Katki HA, et al. 
Reduced prevalence of oral human papillomavirus (HPV) 4 years after 
bivalent HPV vaccination in a randomized clinical trial in Costa Rica. PloS 
One. 2013;8(7):e68329. https://doi.org/10.1371/journal.pone.0068329

30. Jamshidi M, Shekari M, Nejatizadeh AA, Malekzadeh K, Baghershiroodi 
M, Davudian P, et al. The impact of human papillomavirus (HPV) types 6, 
11 in women with genital warts. Arch Gynecol Obstet. 2012;286(5):1261-
7. https://doi.org/10.1007/s00404-012-2416-1

31. Chang L, Ci P, Shi J, Zhai K, Feng X, Colombara D, et al. Distribution 
of genital wart human papillomavirus genotypes in China: a multi-
center study. J Med Virol. 2013;85(10):1765-74. https://doi.org/10.1002/
jmv.23646

32. Hernandez-Suarez G, Pineros M, Vargas JC, Orjuela L, Hernandez F, 
Peroza C, et al. Human papillomavirus genotypes in genital warts in Latin 
America: a cross-sectional study in Bogota, Colombia. Int J STD AIDS. 
2013;24(7):567-72. https://doi.org/10.1177/0956462412474538

33. Sturegård E, Johansson H, Ekström J, Hansson BG, Johnsson A, 
Gustafsson E, et al. Human papillomavirus typing in reporting of 
condyloma. Sex Transm Dis. 2013;40(2):123-9. https://doi.org/10.1097/
olq.0b013e31827aa9b3

34. Bennetts LE, Wagner M, Giuliano AR, Palefsky JM, Steben M, Weiss TW. 
Associations of Anogenital Low-Risk Human Papillomavirus Infection 
With Cancer and Acquisition of HIV. Sex Transm Dis. 2015;42(10):541-
4. https://doi.org/10.1097/olq.0000000000000319

35. Hartwig S, Baldauf J-J, Dominiak-Felden G, Simondon F, Alemany L, 
de Sanjosé S, et al. Estimation of the epidemiological burden of HPV-
related anogenital cancers, precancerous lesions, and genital warts in 
women and men in Europe: Potential additional benefit of a nine-valent 
second generation HPV vaccine compared to first generation HPV 
vaccines. Papillomavirus Res. 2015;1:90-100. https://doi.org/10.1016/j.
pvr.2015.06.003

36. Videla S, Darwich L, Canadas MP, Coll J, Pinol M, Garcia-Cuyas F, 
et al. Natural History of Human Papillomavirus Infections Involving 
Anal, Penile, and Oral Sites Among HIV-Positive Men. Sex Transm Dis. 
2013;40(1):3-10. https://doi.org/10.1097/olq.0b013e31827e87bd

37. Rautava J, Syrjanen S. Human papillomavirus infections in the oral 
mucosa. J Am Dent Assoc. 2011;142(8):905-14. https://doi.org/10.14219/
jada.archive.2011.0297

Adress for correspondence: 
SILVIA MARIA BAETA CAVALCANTI 
Departamento de Microbiologia e Parasitologia
Rua Professor Hernani Melo, 101 – Ingá
Niterói (RJ), Brasil
CEP: 24210-130
E-mail: silviacavalcanti@id.uff.br

Received on: 02.15.2021
Approved on: 02.28.2021

https://doi.org/10.1093/infdis/jit441
https://doi.org/10.1093/infdis/jit441
https://doi.org/10.1001/jama.2012.101
https://doi.org/10.1016/j.pvr.2015.12.001
https://doi.org/10.1016/j.pvr.2015.12.001
https://doi.org/10.1371/journal.pone.0068329
https://doi.org/10.1007/s00404-012-2416-1
https://doi.org/10.1002/jmv.23646
https://doi.org/10.1002/jmv.23646
https://doi.org/10.1177/0956462412474538
https://doi.org/10.1097/olq.0b013e31827aa9b3
https://doi.org/10.1097/olq.0b013e31827aa9b3
https://doi.org/10.1097/olq.0000000000000319
https://doi.org/10.1016/j.pvr.2015.06.003
https://doi.org/10.1016/j.pvr.2015.06.003
https://doi.org/10.1097/olq.0b013e31827e87bd
https://doi.org/10.14219/jada.archive.2011.0297
https://doi.org/10.14219/jada.archive.2011.0297
mailto:silviacavalcanti@id.uff.br

