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Santos IS. Ausência de papilomavírus humano em tecido fresco de câncer da 

cavidade oral e da orofaringe em pacientes da região noroeste de São Paulo, 

Brasil. [dissertação]- Araçatuba: Faculdade de Odontologia da Universidade 

Estadual Paulista; 2017. 

RESUMO 

Evidências sugerem que o papilomavírus humano (HPV) está associado com um 

subgrupo de carcinomas de células escamosas da cabeça e pescoço (HNSCC). 

No entanto, a prevalência do HPV varia substancialmente dependendo do local 

anatômico e da região geográfica estudada. Aqui, nosso objetivo foi investigar a 

prevalência do HPV em amostras de tecido fresco de pacientes brasileiros com 

carcinoma de células escamosas (CEC) de boca e orofaringe combinando dois 

métodos confiáveis para a detecção do HPV. Foram recrutadas trinta e seis 

amostras de tecido fresco provenientes de CEC de boca (n= 27) e orofaringe (n= 

9) para análises. As características sociodemográficas, estilo de vida e 

clinicopatológicas foram coletadas através dos prontuários. O DNA do HPV foi 

detectado por dois métodos: reação em cadeia da polimerase (PCR) em tempo 

real através de ensaio qualitativo de presença ou ausência do HPV-16, e testado 

para 37 genótipos usando Linear Array. A amplificação do gene β -globina 

funcionou como controle interno positivo para a análise do DNA em todas as 

amostras. O DNA do HPV não foi detectado em nenhum dos casos de amostras 

de tecido de pacientes com CEC em ambos os métodos utilizados. A ausência 

do HPV observada em nosso estudo pode sugerir que este não é um fator de 

risco prevalente nos CECs de boca e orofaringe nesta região geográfica. Os 

fatores de risco clássicos para o desenvolvimento desses tumores parecem ser 

ainda a principal causa nessa população brasileira. Investigações detalhadas do 

estilo de vida com maior amostragem precisam ser melhor exploradas para 

compreensão da baixa prevalência encontrada. 

 

Palavras-Chave: Papillomaviridae, Neoplasias Orofaríngeas, Neoplasias de 

Cabeça e Pescoço, Neoplasias de boca. 



 
 

Santos IS. Absence of Human papillomavirus in fresh tissue of oral cavity and 

oropharynx cancer in patients from the northwest region of São Paulo, Brazil. 

[dissertation]- Araçatuba: UNESP- São Paulo State University; 2017. 

ABSTRACT 

Evidence suggests that human papillomavirus (HPV) is associated with a 

subgroup of squamous cell carcinomas of the head and neck (HNSCC). However, 

the prevalence of HPV varies substantially depending on the anatomical site and 

geographic region studied. Here, our goal was to investigate the prevalence of 

HPV in fresh tissue samples from Brazilian patients with squamous cell 

carcinoma (SCC) of the oral cavity and oropharynx by combining two reliable 

methods for the detection of the HPV DNA. We recruited thirty-six fresh tissue 

samples from SCC of the oral cavity (n= 27) and oropharynx (n= 9) for analysis. 

The sociodemographic, lifestyle and clinicopathological characteristics were 

obtained from individual medical records. HPV DNA was detected by two 

methods: real-time polymerase chain reaction (PCR) through the qualitative 

assay of presence or absence for HPV-16, and tested for 37 genotypes by the 

Roche Linear Array. Amplification of the β-globin gene functioned as a positive 

internal control for DNA analysis in all samples. HPV DNA was detected in none 

of the tissue samples from patients with SCC in both methods. The absence of 

HPV observed in our study may suggest that this is not a prevalent risk factor in 

SCC of the oral cavity and oropharynx in this geographical region. The classic 

risk factors for the development of these tumors seem to be still the main cause 

in this Brazilian population. Detailed investigations of lifestyle with larger sample 

needs to be better explored to understand the low prevalence found. 

 

 

Keywords: Papillomaviridae, Oropharyngeal neoplasms, Head and neck 

neoplasms, Mouth neoplasms. 
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Figure 1. The algorithm used for the detection of HPV status of 36 

OSCC and OPSCC patients indicating results according to 

real-time PCR and Linear array. 
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Figure 2. Qualitative real-time PCR results for HPV-16 detection in 

fresh tissue samples from patients with OSCC and 

OPSCC evidencing a SiHa cells line sample was used as 

a positive control (red), samples with absence of viral DNA 

(green), the positive internal control (IPC) for each reaction 

(blue) and the three types of negative control (black). 
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Figure 3. Linear array genotyping test result for HPV in OPSCC 

(n=7), evidencing that the samples were negative for the 

presence of HPV (samples 13 to 19). All samples were 

positive for the β -globin gene (lower blue line). Positive 

control of HPV16 (sample 10: showing upper blue band) 

and negative control worked properly (sample 20). 
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Introduction 

1 Introduction* 

Head and neck squamous cell carcinoma (HNSCC) is a major public health 

problem. This group encompasses anatomical regions as the oral cavity, 

oropharynx, hypopharynx, nasopharynx and larynx [1]. It is the sixth most 

common malignant neoplasm worldwide, contributing to an annual incidence of 

approximately 600,000 and over 300,000 deaths per year. Countries such as 

India and Brazil are considered endemic [2].  In Brazil, head and neck cancer is 

among the ten most prevalent types of cancer [3]. The squamous cell carcinoma 

(SCC) is the most common histological type corresponding to 90% of cases [4]. 

The most well-established and strongly associated risk factors in the 

development of HNSCC include tobacco and alcohol consumption, which can act 

in synergy potentializing its effects [1]. In recent decades, evidence has shown 

that HNSCC associated with tobacco use is declining in developed countries due 

to factors related to increased information regarding smoking-related risks and 

focus on prevention programs to reduce this habit [1,4]. In contrast, a subgroup 

of HNSCC had an alarming increase reported by many studies worldwide and 

these were attributed to human papillomavirus (HPV) infection. This tendency is 

observed mainly in the economically more developed countries, being considered 

by some authors, such an epidemic [5-10].  

HPV is a double-stranded DNA epitheliotropic virus, and more than 200 

genotypes have been already identified [1,8,9]. The virus can be classified as low 

risk, which are responsible for benign lesions, and high-risk HPV genotypes, 

related to some types of malignant tumors [1,4,7,8]. 

* Standards of the journal PLOS ONE 
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HPV exposure is highly common, occurring through orogenital contact or 

other sexual behavior, being recognized as a sexually transmitted infection (STI) 

[11,12]. The immune system eliminates the infection, however, exposure to a 

subtype of high-risk HPV can lead to a persistent infection which might 

predispose the infected subjects to malignant neoplasms.  The play a causal role 

of HPV in the head neck carcinogenesis has been subject of exhausting 

investigations [4-10].  However, molecular evidence provide support for a causal 

role of high-risk HPV infection in the carcinogenesis of head and neck tumors 

through the inactivation of tumor suppressor proteins p53 and retinoblastoma 

(pRb) by overexpression of two the viral oncogenes E6 and E7, respectively [11-

18]. This results in cell cycle dysregulation and consequently, the immortalization 

and transformation of host cells [11,17]. About fifteen high-risk HPV genotypes 

can lead to cancer, but the HPV-16 is by far the most prevalent regardless of the 

anatomical site of disease [9-14]. 

The HPV is now established as a causal factor for cancer of the cervix, 

anus, vulva, penis and head and neck, especially squamous cell carcinomas of 

the oropharynx (OPSCC) [11-14]. Although HPV has a proven association with 

OPSCC, other studies have demonstrated the presence of the virus in squamous 

cell carcinoma of the oral cavity (OSCC), but this relationship remains 

controversial [9,14]. HPV-positive HNSCC represents a distinct molecular, 

clinical and epidemiologic entity compared to HPV-negative HNSCC. [19]. 

Studies have reported that patients with true HPV-positive HNSCC are strongly 

associated to a significantly superior outcome, reflecting a better prognosis and 

longer survival, regardless of the therapy performed [7,10,20]. Therefore, more 

accurate virus detection methods become essential due to diagnostic relevance 
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of identifying HPV in the HNSCC [2,8,15,17,20]. However, strategies for detecting 

viral involvement in tumors differ not only in their designs but in the detection 

targets and in the types of biological materials used [17,21,22]. Consequently, 

this implies different rates of HPV prevalence in HNSCC. 

In a recent study evaluating the HPV prevalence in HNSCC with over than 

3.000 tumors tested for HPV-16 with E6 mRNA and p16INK4a, the authors reported 

that nearly 22% of OPSCC could be attributed to HPV infection, whereas fewer 

than 5% of oral cavity and laryngeal cancers were HPV-positive [23]. A systematic 

review and meta-analysis on the global prevalence showed that the prevalence 

of HPV in OSCC was 24.2% on average, compared with 45.8% in the oropharynx 

[24]. For the OSCC group, HPV detection rates are even more variable, from 0-

100% [25]. Moreover, the rates of HPV-related HNSCC seem to be exposed to 

geographical variations. Highest rates are reported in Northern America, Asia, 

Europe while prevalence in the South America is generally lower [26]. 

Given this wide prevalence, studies regarding the HPV detection in 

HNSCC in Brazil are scarce and show widely heterogeneous rates between the 

regions. Therefore, the current report was designed to investigate the HPV 

prevalence in oral cavity and oropharynx SCC from of Brazilian patients. For this 

purpose, we used a protocol which includes real-time PCR for HPV-16 and linear 

array genotyping method.  
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Materials and Methods  

2 Materials and Methods  

Study design and population 

We conducted a cross-sectional study, and the population was composed of 

patients presenting for diagnosis of malignant tumors of the oral cavity and 

oropharynx between 2010 and 2016 at the Oral Oncology Center, School of 

Dentistry, São Paulo State University- UNESP, Brazil. All study procedures were 

approved by the Research Ethics Committee in human studies (process number 

03876012.6.0000.5420) of this institution. All participants were informed about 

the study and provided written consent. The study was designed to include 

patients with primary cancers at two different anatomical sites (oral cavity and 

oropharynx) according to The International Classification of Diseases for 

Oncology (ICD-O) and histopathological confirmed diagnosis of SCC. Patients 

with lip cancer and who received any prior treatment were excluded. A total of 36 

specimens of eligible patients, including 27 OSCC and 9 OPSCC were included. 

Sample Collection 

Fresh tissue samples from each patient were removed from the non-necrotic area 

of the tumor prior to any cancer treatment, but the priority was given to the biopsy 

examination required for diagnostic purposes. The biopsy was performed and the 

sample was divided into two fragments: the first was sent for anatomopathological 

analysis, the second was used in this research. Tissue samples were immediately 

frozen at −80 °C after surgery for further processing in Molecular Biology 

laboratory.  
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Data Collection 

Clinical data were retrieved from the patients’ medical records. 

Sociodemographic data, clinicopathological characteristics and lifestyle 

information were analyzed. The sociodemographic variables included age range 

(18 to 45, 46 to 60, ˃60 years), sex, race and marital status. Lifestyle factors 

included smoking habit and alcohol consumption. Participants were classified as 

current, former or nonsmokers and nondrinkers. Current smokers/drinkers were 

defined as subjects who reported having smoked tobacco daily for at least one 

year or reported ever consumption of any alcoholic beverage at least once a 

month, and who continue to smoke and/or drink during their treatment. Former 

smokers/drinkers include patients who discontinued their use at least one year 

before diagnosis. Nonsmokers were individuals who have never smoked daily for 

more than one year, and nondrinkers were considered those patients who had 

never consumed one drink or more per month for one year. When is applicable, 

additional questions were asked about the usual amount of tobacco and alcohol 

consumed by product type and when the use of tobacco and alcohol began 

(duration in years). The average number of cigarette equivalents smoked/day 

was categorically defined as ≤19 (light); 20–39 (moderate); and ≥40 (heavy) [27]. 

Measurements of alcohol consumption was graded as: 0-2 drinks/day (light); 3-4 

drinks/day (moderate); and ˃4 drinks/day (heavy) [28]. 

The American Joint Committee on Cancer's TNM classification was 

assigned to each patient for staging and diagnosis. The clinical stages of the TNM 

classification system were grouped as early (clinical Stages I–II) or advanced 

clinical stages (clinical Stages III–IV). Histological grade was defined by the 

classification proposed by the World Health Organization [29] as well 
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differentiated (Grade I), moderately differentiated (Grade II) or poorly 

differentiated (Grade III). Additional information on the cause of death was 

validated through death certificates obtained from the São Paulo State Death 

Registry. 

Laboratory Studies  

DNA extraction 

Total DNA was extracted from tissue samples using a commercial kit QIAamp 

DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's 

protocol. Briefly, tissue samples were inserted in a 1.5 mL microtube and treated 

with 180 μL ATL buffer and digested with 20 μL proteinase K per 25 mg of sample 

and subsequently incubated at 56°C for 3 hours. The DNA was precipitated with 

absolute ethanol in a spin column, followed by repeated cycles of centrifugations 

and addition of buffer solution. The lysate tissue was transferred to the QIAamp 

Mini spin column and after washing, the eluted genomic DNA collected. DNA 

purity and concentration were measured using a NanoDrop ND-1000 

spectrophotometer (NanoDrop Technologies, Inc., Wilmington, DE 19810, USA), 

and quantified by reading at absorbance 260 nm. The extracted DNA was stored 

at −20°C until further testing. 

Detection and genotyping of HPV-16 DNA by Real- time PCR 

Presence or absence analysis for HPV-16 by real-time PCR was performed using 

the TaqMan kit for exogenous internal positive control reagent (Life 

Technologies, Carlsbad, CA, USA) together with the HPV-16 TaqMan detection 

assays (Life Technologies, Carlsbad, CA, USA) and Taqman Universal Master 

Mix (Life Technologies, Carlsbad, CA, USA). According to the manufacturer's 
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instructions for each reaction, 10μl of Universal Taqman Master mix, 2μl of 10x 

Exo IPC Mix, 0.4μl of 50x Exo IPC DNA, 1μl of TaqMan assays for HPV-16 and 

4.6μl of deionized water, composing the PCR mix. In each well were added 18μl 

of the previously made mix and 2μl of 10x Exo IPC Block or 1x TE or sample. In 

addition, a SiHa sample (a cell line with integrated HPV-16) was used for 

exogenous positive control. The reaction was performed in the standard time 

stipulated by the Step-One Plus equipment (Life Technologies, Carlsbad, CA, 

USA). 

Detection and genotyping of HPV DNA by Linear array 

An additional test was conducted to determine if the lack of HPV DNA in these 

patients represented false-negative results due to artifacts in the HPV test. For 

this, a couple of primers for the human beta-globin gene (β-globin) was used as 

DNA quality control. Subsequent, the samples b-Globin-positive DNA were 

amplified with PCR using PGMY09/11 L1 consensus primer system and 

subsequently genotyped using the Roche Linear Array (Roche Molecular 

Systems, Branchburg, NJ, USA), according to manufacturer's instructions. Linear 

array is a qualitative test capable of identifying thirty-seven HPV types, classified 

as high and low risk, including genotypes (6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 

42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 

81, 82, 83, 84, IS39, and 89 [CP6108]) through linear reverse hybridization. We 

utilized the oncogenic/non-oncogenic classification recent proposed by the 

International Agency for research on Cancer. The oncogenic types include (12 

HPV types classified as Group 1 carcinogens: 16, 18, 31, 33, 35, 39, 45, 51, 52, 

56, 58, and 59) [30]. 
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Statistical Analysis 

Statistical evaluation included sociodemographic, lifestyle and clinicopathologic 

data of patients with OSCC and OPSCC. All data were stored in Excel 2016 

(Microsoft, Redmond, WA), and statistical analysis was performed using Epi Info 

7 (Centers for Disease Control and Prevention, Atlanta, GA). Absolute numbers 

and frequency distributions are provided for variables of interest and mean with 

a Standard deviation are provided for age (years), smoking and alcohol 

consumption (years). Missing data are reported as ‘‘Missing’’ and excluded from 

calculations. We fitted models stratified by location group of disease involvement 

(OSCC and OPSCC).  
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Results 

3 Results 

Sociodemographic and clinicopathological characteristics 

This study included 36 fresh frozen biopsies from oral cavity and oropharynx 

SCC. The sociodemographic and clinicopathological characteristics of the 

participants of the study are detailed in Table 1. The mean age at diagnosis was 

57.8 years (range: 21-88) for oral cavity cancer group, whereas in oropharyngeal 

cancer mean was 55.7 years (range: 37-73). As expected, there was a higher 

prevalence of males in the study sample: 85.2% and 100% cancer of the oral 

cavity and oropharynx, respectively. In both groups, slightly more than half of the 

participants were white (65.4% and 55.6%). More than half of the patients with 

OSCC were married (55.6%), while in the OPSCC group the majority were single 

(55.6%).  

Overall, a substantial proportion of cases were cancers of the oral cavity 

(n=27, 75%), whereas 25% (n=9) were oropharyngeal carcinomas. Notably, the 

OSCC group had a greater number of current smoker’s status (74.1%) than 

patients in the OPSCC group (66.67%). A small percentage of the patients had 

no exposure to tobacco: 11.1% in both groups. In contrast, a high proportion of 

current drinkers was higher in the oropharyngeal cancer group (77.8%) than in 

the oral cavity (53.8%). Only 15.4% patients were nondrinkers, all from the oral 

cavity cancer group. With regard to the size of tumors, oropharyngeal cancer 

patients were more likely to present with small primary tumors at diagnosis (T1-

37.50% and T2- 37.50%). Indeed, the majority of patients with OPSCC (75%) 

were diagnosed in the early stages, while 55.6% of oral cavity cancer patients 

had late-stage disease. Lymph node metastasis was detected in 29.6% of the 
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OSCC cases and only 12.5% in OPSCC. The histopathological analysis showed 

that both groups presented pathologies varying from moderately to well 

differentiated. 

Table 1. Sociodemographic and clinicopathological characteristics of patients with 
carcinoma of the oral cavity and oropharyngeal. 

 
 
 
 
 

Variables                       

Oral cavity cancer                       Oropharyngeal cancer 

        n= 27                                                      n= 9 

 

n                (%)                                     n                 (%)    
                             Number (percent) 

Age, (yr) 

Mean (SD) 

18-45 

46-60 

˃60 

  57.8 (12.6) 

3                (11.1) 

14              (51.9) 

10              (37.0) 

       55.7 (11.6) 

2                   (22.2) 

4                   (44.4) 

3                   (33.3) 

Sex   

Male 

Female 

23               (85.2) 

4                 (14.8) 

9                   (100.0) 

0                   (0.0) 

Race   

White 

Nonwhite 

Missing dataa 

17               (65.4) 

9                 (34.6) 

1                      - 

5                  (55.6) 

4                  (44.4) 

0                       - 

Marital status   

Married 

Single 

Divorced/separated 

Widowed 

15               (55.6) 

9                 (33.3) 

1                 (3.7) 

2                 (7.4) 

3                   (33.3) 

5                   (55.6) 

0                   (0.0) 

1                   (11.1) 

Smoking status   

Nonsmokers 

Former 

Current 

3                 (11.1) 

4                 (14.8) 

20               (74.1) 

1                   (11.1) 

2                   (22.2) 

6                   (66.7) 

Alcohol consumption  

Nondrinkers 

Former 

Current 

Missing datab 

4                 (15.4)  

8                 (30.8)                 

14               (53.8) 

1                     - 

0                   (0.0) 

2                   (22.2) 

7                   (77.8) 

0                       - 

Tumor size   

T1                                       

T2 

T3 

T4 

Missing datac 

5                 (18.5)    

9                 (33.3) 

4                 (14.8) 

9                 (33.3) 

0                      - 

3                   (37.5) 

3                   (37.5) 

1                   (12.5) 

1                   (12.5) 

1                        - 

N- Lymph node metastasis   

Yes 

No 

Missingd 

 

 

8                 (29.6) 

19               (70.4) 

0                      - 

1                   (12.5) 

7                   (87.5) 

1                        - 

M- Distant metastasis   

Yes 

No 

Missing datae 

0                 (0.0) 

27               (100.0) 

0                      - 

1                   (12.5) 

7                   (87.5) 

1                        - 

Global TNMa stage   
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I 

II 

III 

IV 

Missing dataf              

6                 (22.2) 

6                 (22.2) 

5                 (18.5) 

10               (37.0) 

0                      - 

3                   (37.5) 

3                   (37.5) 

0                   (0.0) 

2                   (25.0) 

1                        - 

Staging   

I/II- Early 

III/IV- Advanced 

Missing dataf 

12               (44.4) 

15               (55.6) 

0                      -      

6                   (75.0) 

2                   (25.0) 

1                        -           

Histopathologic grade   

Poorly differentiated  

Moderatelly differentiated 

Well-differentiated 

Missing datag 

0                 (0.0) 

10               (43.5) 

13               (56.5) 

4                      - 

0                   (0.0) 

4                   (50.0) 

4                   (50.0) 

1                        - 

Vital status   

Death due to cancer 

Death due to any cause 

Missing datah 

6                 (75.0) 

2                 (25.0) 

2                     - 

2                    (100.0) 

0                    (0.0) 

0                       - 

Abbreviations: SD, standard deviation. TNM, Union for International Cancer Control; T, tumor size; N, lymph 
node; M, Metastasis. 
a Missing data for 1 case of race (from a patient with oropharyngeal cancer). 
b Missing data for 1 case of alcohol consumption (from a patient with oral cavity cancer). 
c Missing data for 1 case of tumor size (from a patient with oropharyngeal cancer). 
d Missing data for 1 case of N- Lymph node metastasis (from a patient with oropharyngeal cancer). 
e Missing data for 1 case of M- Distant metastasis (from a patient with oropharyngeal cancer). 
f Missing data for 1 case of Global TNM stage (from a patient with oropharyngeal cancer). 
g Missing data for 5 cases of Histological grade (4 from patients with oral cavity cancer and 1 oropharyngeal 
cancer). 
h Missing data for 2 cases of Death registration (2 patients with oral cavity cancer). 

 

When we evaluated the site of the tumor in the oral cavity, the most 

affected site was mouth floor (40.7%), followed by the lateral border of the tongue 

(25.9%), the alveolar ridge (18.5%), buccal mucosa (7.4%) and retromolar trigone 

(7.4%). Almost half of the patients with OPSCC had their tumors located in the 

tonsil (44.4%), followed by the base of tongue (33.3%) and soft palate (22.2%), 

as described in table 2.  
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Table 2. Distribution of patients according to anatomical tumor site. 
Cancer subsite n (%) 

Oral cavity                                     27  

Floor of mouth 

Lateral border of the tongue 

Alveolar ridge 

Buccal mucosa 

Retromolar trigone 

11 

7 

5 

2 

2 

(40.7) 

(25.9) 

  (18.5) 

(7.4) 

(7.4) 

Oropharynx       9  

Tonsil 

Base of tongue  

Soft palate                                                             

 4 

 3 

 2 

 (44.4) 

 (33.3) 

 (22.2) 

Lifestyle factors 

Considering the fact that tobacco and alcohol are the main risk factors for head 

and neck cancer and the high prevalence of current smokers/ex-smokers and 

current drinkers/ex-drinkers in our population, we evaluated these conditions in 

detail as shown in table 3. In the history of smoking, patients from both groups 

presented higher consumption of 20-39 cigarettes per day: 50.0% and 75.0% in 

the OSCC and OPSCC, respectively. When alcohol consumption was assessed, 

most oral cavity carcinoma patients (47.8%) were considered moderate drinkers. 

Conversely, in the OPSCC group, patients were more likely to be heavy drinkers 

(44.4%). 

Table 3. Lifestyle related risk factors. 
 
 
 

Variables 

Oral cavity cancer 
          n= 27 
 
n               ( %) 

Oropharyngeal cancer  
              n= 9 
 
n                   (%) 

Smoking* 

Mean years (SD) 

 ≤19 cigarettes/day 

20-39 cigarettes/day 

 ≥40 cigarettes/day 

     41.1 (13.1) 

7               (29.7) 

12             (50.0) 

5               (20.83) 

32.9 (13.5) 

1                   (12.50) 

6                   (75.0) 

1                   (12.50) 

Alcohol consumption±   

Mean years (SD) 

0-2 drinks/day 

3-4 drinks/day 

˃4drinks/day 

      36.9 (15.9) 

7                 (30.4) 

11               (47.8) 

5                 (21.7) 

        28.6 (17.8) 

3                   (33.3) 

2                   (22.2) 

4                   (44.4) 

*3 patients with oral cavity cancer did not smoke. 
*1 patient with oropharyngeal cancer was nonsmoker. 
*1 missing information for a patient with oral cavity (mean years of smoking). 
±4 patients with oral cavity cancer did not drink. 
±1 missing information for the patient with oropharyngeal cancer (mean years of alcohol 
consumption).  
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HPV genotyping 

DNA extraction and cellular β-globin amplification were successful in all tissues, 

signifying good DNA quality of the samples. In all 36 cases, we investigated the 

presence of HPV DNA (See figure 1). First, HPV-16 DNA was detected in none 

of the oral cavity and oropharyngeal carcinoma cases of this study using the real-

time PCR technique (Fig 2). These results prompted us to investigate further our 

samples with another test (Linear Array). Indeed, all samples were negative for 

37 types of HPV (Fig 3), including HPV-16 previously tested in the real-time PCR 

technique. Of the 9 specimens of OPSCC, only two were not tested in additional 

technique for lack of sample. We used a combination of algorithms for HPV 

detection and the percentage of concordance observed between the two 

laboratories was 100% for β-globin positivity and HPV negativity.  

 

 

Fig 1. The algorithm used for the detection of HPV status of 36 OSCC and 
OPSCC patients indicating results according to real-time PCR and Linear array. 
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Fig 2. Qualitative real-time PCR results for HPV-16 detection in fresh tissue 
samples from patients with OSCC and OPSCC evidencing a SiHa cells line 
sample was used as a positive control (red), samples with absence of viral DNA 
(green), the positive internal control (IPC) for each reaction (blue) and the three 
types of negative control (black).  
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Fig 3. Linear array genotyping test result for HPV in OPSCC (n=7), evidencing 
that the samples were negative for the presence of HPV (samples 13 to 19). All 
samples were positive for the β -globin gene (lower blue line). Positive control of 
HPV16 (sample 10: showing upper blue band) and negative control worked 
properly (sample 20).  
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Discussion 

4 Discussion 

In the present study, we set out to investigate the prevalence of HPV in oral cavity 

and oropharyngeal cancer in samples of Brazilian patients. We performed a 

combination of methods including real-time PCR and Linear array to determine 

HPV DNA status. However, we did not identify the presence of HPV in any of the 

samples tested. It is evident that there has been a dramatic worldwide clinical 

and epidemiological change in HNSCC in recent years [2,31,32]. Some of the 

HNSCC cases, especially in the underdeveloped countries, are strongly 

associated with smoking and alcohol consumption, and another important 

fraction arise from HPV infection [14-19]. Studies conducted by the International 

Agency for Research on Cancer (IARC) concluded that there was sufficient 

evidence for the carcinogenicity of HPV-16 in the oropharynx (including the tonsil, 

base of the tongue, and other parts of the pharynx) and possibly the oral cavity 

[32,33]. Some estimates suggest that 70-90% of new oropharyngeal cancers 

have evidence of HPV [14,31]. Surprisingly, HPV it is the main burden for 

increased cases OPSCC in the United States and can surpass the burden of 

HPV-associated cervical cancer by the year 2020 in this country [2,33,34].  

In this context, our hypothesis was that samples from patients with 

oropharynx carcinoma were positive for any HPV genotypes, particularly the 

HPV-16. Our findings do not support this hypothesis. Although the number of 

patients in this study was limited, the absence of HPV DNA in all cancer cases 

implies that HPV infection may not be a risk factor for oral cancer in this 

population from the Brazil. On the other hand, several studies have documented 

that the HPV presence in HNSCC appears to be subject to geographical 
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variability and even presenting heterogeneity within the same country [33-37].  

Although in our study HPV rate had been 0% in HNSCC samples, our results are 

compatible with two previous reports conducted with Brazilian patients. A study 

involving four countries in Latin America including Brazil, reported null prevalence 

of HPV in 132 cases in oral cavity cancer using fresh tissue biopsies and serum 

samples analyzed for multiple HPV types followed by an HPV type-specific PCR 

protocol [38]. In addition, a study comparing SCC samples from Guatemala and 

Brazil derived from tonsils showed that among the Brazilian patients (n= 13), only 

four expressed p16 by immunohistochemistry, but when these samples were 

tested by in situ hybridization, all were negative for HPV [39]. Nevertheless, our 

findings contrast with the 19.4% prevalence of HPV in the recent report of Betiol 

et al. [40], performed with patients from two large Hospitals of São Paulo, Brazil, 

being the oral cavity the location with the highest prevalence. Another study 

carried out in the central region of Brazil showed that in the total of 82 blocks of 

paraffinized tissue from patients with OPSCC and OSCC using PCR, HPV DNA 

was detected in 21 cases (25.6%), of which 33.3% were HPV16 and 14.3% were 

HPV18 [41]. To our knowledge, this is one of the highest rates in Brazil but is 

relatively low when compared to those found in economically developed 

countries.  

Moreover, a recent publication demonstrated alarming differences in the 

prevalence of HPV in HNSCC among three continents of the world being 60% of 

OPSCCs in the United States HPV16-positive, 31% in Europe, while very low 

rates of HPV in HNSCC were found in Brazil (4%). In addition, less than 4% of 

laryngeal and oral cavity cancers of these populations were HPV16-positive [42]. 

A low prevalence of HPV has also been reported in the study in the northwestern 
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Philippines, with only two cases (2,4%) of HNSCC associated to HPV [4]. 

Interestingly, recent reports with populations from Nigeria, Mozambique, China, 

and some regions of India also demonstrated the absence of HPV (0%) in 

HNSCC [25, 43-45]. These results, including the found in our study, might be 

attributed to several factors, although the reasons are not entirely clear. 

One of the explanations for these divergences is the profile of the 

population studied, including socioeconomic characteristics and lifestyle 

[19,26,40]. HNSCC HPV-associated has a higher prevalence among white young 

men cohorts (<40 years old) who usually do not present prior exposure to other 

risk factors for HNSCC as tobacco smoking and alcohol consumption [46]. Of 

note, the opposite was observed in this study, in which mean age was higher in 

both groups (57.8% and 55.7% for oral cavity and oropharyngeal carcinomas, 

respectively), and most of the patients were current drinkers and smokers. 

Regarding tobacco smoking and alcohol consumption, our results are consistent 

with the study by Soares et al. [47] that demonstrated that in HPV-negative cases, 

the level of tobacco consumption is significantly high. Additionally, Anantharama 

et al. [42] reported that ever smokers and ever drinkers are less likely to be 

HPV16-positive, and the prevalence of HPV16-positive OPSCC declines with 

increasing pack-years of smoking and drink years of alcohol use. Contrarily, there 

is some evidence that current tobacco smoking may be an important risk factor 

for development of HPV-associated HNSCC, facilitating oral infection by the virus 

[48,49]. However, the effect of the tobacco smoke as a factor facilitating oral HPV 

infection remains unclear.  

In addition, risk factors for HPV-related HNSCC are comparable to those 

of cervical cancer, include risky sexual behavior as lifetime number of sexual 
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partners and lifetime number of oral sex partners [17,20,40]. However, measures 

of sexual behavior, unfortunately, could not be assessed in our population. In this 

way, considering the profile of the cases of this study; Older patients compared 

to the average of other reports with HNSCC HPV-positive and from a small town, 

where many patients are from rural areas, in which the cultural issues are very 

strong. Thus, a more conservative sexual behavior is expected in this population 

than among young living in metropolitan cities, for example, where the prevalence 

of HPV was higher compared to our study. This could contribute to our results, as 

explained in a recent report. Anyway, it is not understood if only this factor 

explains the findings in our study and others with similar results [50]. 

Moreover, the HPV-detection methods with distinct sensitivities that can 

detect even transient infections also contribute to the differences in the incidence 

of HPV found in many reports [22,39,50,51]. The detection techniques included 

in situ hybridization (ISH) and southern blot hybridization (lower sensitivity 

methods) or PCR and p16INK4a expression by immunohistochemistry. (high 

sensitivity methods) [50]. Many HPV prevalence studies still use only one PCR 

or ISH technique and this may result in overdetection or subdetection [1,9,22,50]. 

Currently, there is no consensus on the most appropriate method to detect HPV 

in HNSCC [22,35]. Our study initially used the qualitative real-time PCR for HPV-

16, which did not detect the presence of the virus in our OSCC and OPSCC 

samples. Based on the high proportion of HPV-associated OPSCC reported in 

the studies [33,34], and the clinical impact of HPV status [46], we were 

encouraged to go further in this analysis and used the Linear Array for genotyping 

of 37 HPV subtypes. Nevertheless, no HPV were detected in the samples using 

this highly reliable method [31,33]. Previous studies have documented that when 
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PCR methods are performed, higher prevalence of HPV is described [15,21,22]. 

It is the most widely used method for HPV detection due to its high sensitivity of 

detecting small fragments of DNA, yet it is also known to produce many "false-

positive" results [22,39,43,52]. Notwithstanding, linear array test performed to 

confirm the PCR results, showed a good concordance, agreeing for in 100% of 

samples. In addition, the linear array has shown high sensitivity and specificity 

for HPV detection and genotyping in several studies used in molecular 

epidemiological studies important for the history of HPV [31,37,45,53].  

The methods used for sampling and storage also vary, such as whether 

frozen, formalin-fixed or paraffin embedded, plasma or oral rinses [22,31,35]. In 

the present study, we have used fresh tissue from biopsy, considered the best 

biological material for molecular analyses [4,21,43].  The HPV detection rate is 

usually higher in frozen biopsy samples than in formalin-fixed paraffin embedded 

(FFPE) samples, for example, since the sensitivity may reduce owing to DNA and 

RNA degradation in this type of material [35,53].  Furthermore, to closer 

inspection on the anatomic origin of the tumor, since tumors misclassified also 

they introduce differences in the prevalence of HPV among the groups of greater 

interest such as oral cavity and oropharynx [42,50,54]. These factors are 

essential for comparing data from different geographical areas. 

Our study had some limitations. Because sample size was small this may 

not represent the majority of HNSCC cases in our population. Therefore, to the 

population more generally these findings should be evaluated with caution. 

Unfortunately, we also did not evaluate measures for patients’ sexual behavior. 

In summary, despite high rates of HPV-mediated cervical cancer in Brazil, 

our findings add to the evidence reported in other studies that there is a low 
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prevalence of HPV-associated HNSCC and that this does not appear to be a 

burden for the cause of the disease in some geographic regions from the country. 

Conversely, classical risk factors remain strongly associated with the occurrence 

of these tumors highlighting the need for prevention strategies targeted. Why of 

the incidence trends of HPV differ between geographic regions, including the low 

rates in the Brazilian population, is still unclear. However, they can be attributed 

to many factors ranging from detection tests to the individual characteristics of 

each population studied, and therefore need to be explored. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 
 

Acknowledgments 

Acknowledgments 

Ingrid da Silva Santos (Decision 001/2015) is a recipient of a Master's fellowship 

from Fundação de Amparo à Pesquisa do Estado do Amazonas (FAPEAM).  

The authors thank Dr. Bárbara Pereira de Mello, Institute of HPV, for technical 

assistance.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 
 

References 

References* 

1. Mehanna H, Paleri V, West C, Nutting C. Head and neck cancer—Part 1: 

Epidemiology, presentation, and prevention. BMJ 2010; 341: 663–6. 

2. Lewis A, Kang R, Levine A, Maghami E. The New Face of Head and Neck 

Cancer: The HPV Epidemic. Oncology (Williston Park) 2015; 29(9):616-

26. 

3. INCA (Instituto Nacional do Câncer). Available at: www.inca.gov.br; 2016. 

4. Albano PM, Holzinger D, Salvador C, Orosa J, Racelis S, Leaño M, et al. 

PLoS One 2017;15;12(2): e0172240. 

5. D'Souza G, Agrawal Y, Halpern J, Bodison S, Gillison ML. Oral sexual 

behaviors associated with prevalent oral human papillomavirus infection. 

J Infect Dis 2009; 199:1263–9. 

6. D'Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch WM, et al. 

Case-control study of human papillomavirus and oropharyngeal cancer. N 

Engl J Med 2007; 356: 1944–56.  

7. D’Souza G, Cullen K, Bowie J, Thorpe R, Fakhry C. Differences in oral 

sexual behaviors by gender, age, and race explain observed differences 

in prevalence of oral human papillomavirus infection. PLoS One 2014; 9: 

19–21. 

8. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al. 

Globocan 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC 

Cancer Base No. 11. Lyon, France: International Agency for Research on 

Cancer; http://globocan.iarc.fr (2013). 

9. Berman TA, Schiller JT. Human papillomavirus in cervical cancer and 

oropharyngeal cancer: One cause, two diseases. Cancer 2017; 27. doi: 

10.1002/cncr.30588. [Epub ahead of print] 

10. Gillison ML, Castellsagué X, Chaturvedi A, Goodman MT, Snijders P, 

Tommasino M, et al. Eurogin Roadmap: comparative epidemiology of HPV 

infection and associated cancers of the head and neck and cervix. Int J 

Cancer 2014; 134: 497–507.  

 

* Standards of the journal PLOS ONE 



43 
 

11. Gao G, Smith DI. Human Papillomavirus and the Development of Different 

Cancers. Cytogenet Genome Res 2017; 1. [Epub ahead of print] 

12. Taberna M, Inglehart RC, Pickard RK, Fakhry C, Agrawal A, Katz ML, et 

al. Significant changes in sexual behavior after a diagnosis of human 

papillomavirus-positive and human papillomavirus-negative oral cancer. 

Cancer 2017;14. [Epub ahead of print] 

13. Wasserman JK, Rourke R, Purgina B, Caulley L, Dimitroulakis J, Corsten 

M, et al. HPV DNA in saliva from patients with SCC of the head and neck 

is specific for p16-positive oropharyngeal tumours. J Otolaryngol Head 

Neck Surg 2017; 6;46(1):3.  

14. Fakhry C, Westra WH, Wang SJ, van Zante A, Zhang Y, Rettig E, et al. 

The prognostic role of sex, race, and human papillomavirus in 

oropharyngeal and nonoropharyngeal head and neck squamous cell 

cancer. Cancer 2017; 27. doi: 10.1002/cncr.30353. 

15. Dahlstrom KR, Bell D, Hanby D, Li G, Wang LE, Wei Q, et al. 

Socioeconomic characteristics of patients with oropharyngeal carcinoma 

according to tumor HPV status, patient smoking status, and sexual 

behavior. Oral Oncol 2015;51(9):832-8.  

16. Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L, et al.  

J Natl Cancer Inst 2000;92(9):709-720. 

17. Benson E, Li R, Eisele D, Fakhry C. The clinical impact of HPV tumor 

status upon head and neck squamous cell carcinomas. Oral Oncol 2014; 

50(6):565-74. doi: 10.1016/j.oraloncology.2013.09.008.  

18. Agalliu l, Gapstur S, Chen Z, Wang T, Anderson RL, Teras L, et al. 

Associations of Oral α-, β-, and γ-Human papillomavirus types with risk of 

incident head and neck cancer. JAMA Oncol 2016; 21. doi: 

10.1001/jamaoncol.2015.5504. 

19. Gillison ML, D'Souza G, Westra W, Sugar E, Xiao W, Begum S. Viscidi R 

Distinct risk factor profiles for human papillomavirus type 16-positive and 

human papillomavirus type 16-negative head and neck cancers. J Natl 

Cancer Inst 2008;100:407–420. doi: 10.1093/jnci/djn025.  

20.  Ang KK. et al. Human papillomavirus and survival of patients with 

oropharyngeal cancer. New Engl J Med. 2010; 363 (1):24-35. 



44 
 

21. Jalouli M, Jalouli J, Ibrahim SO2, Hirsch JM, Sand L. Comparison between 

single PCR and nested PCR in detection of human papilloma viruses in 

paraffin-embedded OSCC and fresh oral mucosa. In Vivo 2015; 29(1):65-

70. 

22. Westra WH. Detection of human papillomavirus (HPV) in clinical samples: 

evolving methods and strategies for the accurate determination of HPV 

status of head and neck carcinomas. Oral Oncol 2014;50(9):771-9. doi: 

10.1016/j.oraloncology.2014.05.004. 

23. Castellsague X, Alemany L, Quer M, Halec G, Quiros B, Tous S, et al. 

HPV Involvement in Head and Neck Cancers: Comprehensive 

Assessment of Biomarkers in 3680 Patients. J Natl Cancer Inst 2016; 

28;108(6):djv403. doi: 10.1093/jnci/djv403. 

24. Ndiaye C, Mena M, Alemany L, Arbyn M, Castellsagué X, Laporte, et al. 

HPV DNA, E6/E7 mRNA, and p16(INK4a) detection in head and neck 

cancers: a systematic review and meta-analysis. Lancet Oncol 2014; 

15:1319–31. 

25. Chen XJ, Sun K, Jiang WW. Absence of high-risk HPV 16 and 18 in 

Chinese patients with oral squamous cell carcinoma and oral potentially 

malignant disorders. Virol J 2016; 20;13:81. 

26. de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of 

cancer attributable to HPV by site, country and HPV type. Int J Cancer 

2017; 1. doi: 10.1002/ijc.30716. [Epub ahead of print] 

27. Zhang Y, Wang R, Miao L, Zhu L, Jiang H, Yuan H. Different levels in 

alcohol and tobacco consumption in head and neck cancer patients from 

1957 to 2013. PLoS One 2015;13;10(4):e0124045. 

28. Brouha X, Tromp D, Hordijk GJ, Winnubst J, De Leeuw R. Role of alcohol 

and smoking in diagnostic delay of head and neck cancer patients. Acta 

Otolaryngol 2005;125(5):552-6. 

29. Barnes L, Eveson JW, Reichart P, Sidransky D; World Health 

Organization. Classification of tumors. Pathology and genetics head and 

neck. Lyon: IARC Press 2005. 430 p. 

30. Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El GF, et al. A review 

of human carcinogens--Part B: biological agents. Lancet Oncol. 

2009;10:321–2. 



45 
 

31. Gillison ML, Broutian T, Pickard RK, Tong ZY, Xiao W, Kahle L, et al. 

Prevalence of oral HPV infection in the United States, 2009–2010. JAMA 

2012;307:693–703.  

32. International Agency for Research on Cancer (IARC). IARC Monographs 

on the Evaluation of Carcinogenic Risks to Humans. Human 

Papillomaviruses. Volume 90. Lyon, France: World Health Organization 

(WHO), IARC; Geneva, Switzerland: Distributed by WHO Press; 2007. 

33. Chaturvedi AK, Anderson WF, Lortet-Tieulent J, Curado MP, Ferlay J, 

Franceschi S, et al. Worldwide trends in incidence rates for oral cavity and 

oropharyngeal cancers. J Clin Oncol 2013; 20;31(36):4550-9. 

34. D'Souza G, Wentz A, Kluz N, Zhang Y, Sugar E, Youngfellow R, et al. Sex 

Differences in Risk Factors and Natural History of Oral Human 

Papillomavirus Infection. J Infect Dis 2016;15;213(12):1893-6. 

35. Syrjänen S. The role of human papillomavirus infection in head and neck 

cancers. Ann Oncol 2010; 21 Suppl 7: vii243–5.  

36. Chaturvedi AK. Epidemiology and clinical aspects of HPV in head and 

neck cancers. Head Neck Pathol 2012; 6 Suppl 1: S16–24.  

37. Chaturvedi AK, Graubard BI, Broutian T, et al. NHANES 2009–2012 

findings: association of sexual behaviors with higher prevalence of oral 

oncogenic human papillomavirus infections in U.S. men. Cancer Res 

2015;75:2468–77. 

38. Ribeiro KB, Levi JE, Pawlita M, Koifman S, Matos E, Eluf-Neto J, et al. 

Low human papillomavirus prevalence in head and neck cancer: results 

from two large case-control studies in high-incidence regions. Int J 

Epidemiol 2011; 40: 489-502. 

39. Piña AR, Jimenez LS, Mariano FV, de Andrade BA, Carlos R, Altemani A, 

de Almeida OP. Human papillomavirus in tonsillar squamous cell 

carcinomas from Guatemala and Brazil. Oral Surg Oral Med Oral Pathol 

Oral Radiol 2016;121(4):412-8. 

40. Betiol JC, Sichero L, Costa HO, de Matos LL, Andreoli MA, Ferreira S, et 

al. Prevalence of human papillomavirus types and variants and 

p16(INK4a) expression in head and neck squamous cells carcinomas in 

São Paulo, Brazil. Infect Agent Cancer 2016;4(11):20. doi: 

10.1186/s13027-016-0067-8. 



46 
 

41. Petito G, Carneiro MA, Santos SH, Silva AM, Alencar RC, Gontijo AP, et 

al. Human papillomavirus in oral cavity and oropharynx carcinomas in the 

central region of Brazil. Braz J Otorhinolaryngol 2017;83(1):38-44. 

42. Anantharaman D, Abedi-Ardekani B, Beachler DC, Gheit T, Olshan AF, 

Wisniewski K, et al. Geographic heterogeneity in the prevalence of human 

papillomavirus in head and neck cancer. Int J Cancer 2017; 

1;140(9):1968-1975.  

43. Oga EA, Schumaker LM, Alabi BS, Obaseki D, Umana A, Bassey IA, et 

al. Paucity of HPV-Related Head and Neck Cancers (HNC) in Nigeria. 

PLoS One 2016; 6;11(4):e0152828. doi: 10.1371/journal.pone.0152828. 

44. Blumberg J, Monjane L, Prasad M, Carrilho C, Judson BL. Investigation of 

the presence of HPV related oropharyngeal and oral tongue squamous 

cell carcinoma in Mozambique. Cancer Epidemiol 2015; 39(6):1000-5. doi: 

10.1016/j.canep.2015.10.015. 

45. Laprise C, Madathil SA, Allison P, Abraham P, Raghavendran A, Shahul 

HP, et al. No role for human papillomavirus infection in oral cancers in a 

region in southern India. Int J Cancer 2016;15;138(4):912-7.  

46. Sgaramella N, Coates PJ, Strindlund K, Loljung L, Colella G, Laurell G, et 

al. Expression of p16 in squamous cell carcinoma of the mobile tongue is 

independent of HPV infection despite presence of the HPV-receptor 

syndecan-1. Br J Cancer 2015; 14;113(2):321-6. 

47. Soares GR, Demathé A, Mattar NJ, Biasoli ER, Miyahara GI. Absence of 

HPV infection is associated with smoker patients with squamous cell 

carcinoma of the oropharynx. J Oncol 2014;2014:371570. 

48. Fakhry C, Gillison ML, D'Souza G. Tobacco use and oral HPV-16 infection. 

JAMA 2014;8;312(14):1465-7. 

49. 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;7;382(9895):877-87. 

50. Melchers LJ, Mastik MF, Samaniego Cameron B, van Dijk BA, de Bock 

GH, van der Laan BF. Detection of HPV-associated oropharyngeal 

tumours in a 16-year cohort: more than meets the eye. Br J Cancer 

2015;112(8):1349-57. 



47 
 

51. Braakhuis BJ, Brakenhoff RH, Meijer CJ, Snijders PJ, Leemans CR. 

Human papilloma virus in head and neck cancer: the need for a 

standardised assay to assess the full clinical importance. Eur J Cancer. 

2009;45:2935–2939. 

52. Polanska H, Heger Z, Gumulec J, Raudenska M, Svobodova M, Balvan J. 

Effect of HPV on tumor expression levels of the most commonly used 

markers in HNSCC. Tumour Biol 2016;37(6):7193-201. 

53. Pannone G, Rodolico V, Santoro A, Lo Muzio L, Franco R, Botti G, et al. 

Evaluation of a combined triple method to detect causative HPV in oral 

and oropharyngeal squamous cell carcinomas: p16 

Immunohistochemistry, Consensus PCR HPV-DNA, and In Situ 

Hybridization. Infect Agent Cancer 2012;7:4. 

54. D'Souza G, Westra WH, Wang SJ, van Zante A, Wentz A, Kluz N, et al. 

Differences in the Prevalence of Human Papillomavirus (HPV) in Head and 

Neck Squamous Cell Cancers by Sex, Race, Anatomic Tumor Site, and 

HPV Detection Method. JAMA Oncol 2016;8. doi: 

10.1001/jamaoncol.2016.3067. 

 

 



48 
 

ANNEXES 

Annex A 

 



49 
 

 

 

 

 

 

 

 

 
 

 

 



50 
 

Annex B 

Journal: PLOS ONE 

Link: http://journals.plos.org/plosone/s/submit-now 

 

 

 

 


