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BACKGROUND: Head and neck cancer (HNC) is the seventh most 
common malignant tumor. Herpesviruses are a significant risk factor in 
the multifactorial pathogenesis of HNC. 
OBJECTIVES: This study aimed to investigate the association between 
herpesviruses and the development of head and neck squamous cell 
carcinoma (HN-SCC).
DESIGN: Experimental study
SETTING: A university hospital in Turkey
PATIENTS AND METHODS: Pathological archive tissue samples of 500 
patients were included in the study. These samples were categorized 
into two groups: those diagnosed with HN-SCC (n=300, malignant 
group [MG]) and those diagnosed with benign head and neck lesions 
(n=200, benign group [BG]). The presence of herpesvirus in samples 
was detected using polymerase chain reaction. 
MAIN OUTCOME MEASURES: Association of herpesviruses in the 
development of head and neck cancer.
SAMPLE SIZE: 500 patients
RESULTS: HHV-1, -2, -7, and -8 were not detected in any samples. In 
the malignant group (MG), EBV-DNA was detected in 1 patient (0.3%) 
and HHV-6 DNA in 2 patients (0.6%), while in the benign group (BG), 
VZV-DNA was detected in 1 patient (0.5%), EBV-DNA in 3 patients 
(1.5%), CMV-DNA in 5 patients (2.5%), and HHV-6 DNA in 3 patients 
(1.5%). While no significant difference was found between the groups 
for VZV, EBV, and HHV-6, a statistically significant difference was found 
in favor of the benign group for CMV.
CONCLUSION: Although herpesvirus seroprevalence is relatively high 
in the population, the lack of viral genome in tissue samples indicates 
that other factors might be prominent in developing HN-SCC.
LIMITATION: The storage conditions of the sample used (paraffinized 
sample) may have negatively affected the detection frequency of HHVs.
CONFLICT OF INTEREST: None.
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Head and neck cancer (HNC) ranks as seventh 
most common malignant tumor worldwide.1 
HNC can affect various parts of the head and 

neck, such as the paranasal sinuses, oropharynx, lips, 
larynx, salivary glands, and thyroid gland. Over 90% 
of HNCs originate from squamous epithelium and 
are known as “squamous cell carcinomas of the head 
and neck”(HN-SCC).2 Recently, there has been an 
increase in early-age onset HNC, linked to factors like 
tobacco and alcohol use, dietary changes, and viral 
infections.2,3 Research has increasingly focused on the 
role of oncogenic viruses in HN-SCC development.2,3 
Human papillomavirus (HPV) and human herpesviruses 
(HHV) are the most studied viruses in relation to 
HNC.3 HPV DNA integrates into host cells, leading 
to overexpression of early oncogenes E6 and E7, 
inactivating p53 and Rb tumor suppressor proteins, 
initiating carcinogenesis.3 Studies have demonstrated 
a significant rise in oropharyngeal squamous cell 
carcinoma.3,4 HHV’s ability to escape the immune 
response increases the possibility of long-lasting latent 
infections.2 Epstein-Barr virus (EBV) and HHV-8 are the 
most significant oncogenic viruses associated with 
various cancers.5,6 Other HHVs, like herpes simplex 
viruses -1 and -2 (HSV-1, HSV-2), varicella zoster virus 
(VZV), cytomegalovirus (CMV), HHV-6 and -7 have been 
linked to malignancy, yet their exact role in cancer 
development remains unclear.7-9 This study aimed to 
investigate the presence of HHVs in archival tissue 
samples from 300 patients (malignant group, MG) 
with HN-SCC and 200 patients (benign group, BG) 
with benign oral cavity and oropharynx diseases and 
evaluate its potential association in HNC development.

MATERIALS AND METHODS

Classification of malignant and benign groups
Tissue samples from a total of 500 patients at Ankara 
University Faculty of Medicine, Ibn-i Sina Hospital, 
Turkey, between 2000 and 2016 were archived and 
included in the study. These samples were categorized 
into two groups: those diagnosed with HN-SCC 
(n=300, MG) and those diagnosed with benign head 
and neck benign lesions (n=200, BG).Ethical approval 
was obtained from the Ethical Committee of Ankara 
University on June 17, 2021(no: İ6-404-21). The MG 
of HN-SCC consisted of 153 cases involving larynx, 
122 cases of oral cavity, and 25 cases of oropharynx 
tumor samples. The BG consisted of 121 cases of 
chronic tonsillitis, 30 cases of squamous epithelial 
hyperplasia, 11 lichenoid mucositis, 10 chronic 
inflammatory mucosa, 8 squamous papilloma, and 20 

cases with other diagnoses (benign lesions of various 
tissues such as oral mucosa, tongue, and gingiva). The 
hospital information management system provided the 
patients’ demographic characteristics and clinical data.

Inclusion and exclusion criteria for the samples
Paraffin blocks of the oral cavity, oropharynx, and 
supraglottic larynx cancer cases excluding the lip, 
which were operated on in Ankara University Faculty of 
Medicine, Ibn-i Sina Hospital between 2000 and 2016, 
and paraffin blocks of mouth/oropharynx/supraglottic 
larynx biopsy/surgical specimens such as benign oral 
cavity tumors, tonsillectomy, etc. were included in the 
study. Lip cancer cases were excluded.

Obtaining DNA from tissue samples
The study used archival formalin-fixed paraffin-
embedded (FFPE) tissues from surgical resection 
specimens. All tissue samples were deparaffinized 
with a deparaffinization solution, Cat. No/ID: 19093 
(Qiagen,Germany) following the manufacturer’s 
recommendations, DNA was then extracted from the 
samples using a commercial extraction kit (QIAamp 
DNA FFPE Tissue Kit, Qiagen,Germany). The 
bands of the total DNA extraction were visualized 
using gel electrophoresis and detected under U.V. 
transillumination (Vilber-Lourmat TFX–20.M [ETX–20 
M],France).

Viral DNA detection 
The presence of HSV-1, HSV-2, EBV, VZV, CMV, HHV-6, 
HHV-7,10 and HHV-8 was investigated using polymerase 
chain reaction (PCR) methods as described with minor 
modifications.11 These modifications included the 
addition of 1% bovine serum albumin (BSA) to the 
PCR mixture and implementation of a “touchdown 
PCR” protocol for certain amplifications. A typical PCR 
process involves initial denaturation, denaturation-
annealing-extension cycles, and a final extension step. 
Various PCR methods such as monoplex, multiplex, 
and nested PCR were utilized in this study.12 Details 
including amplicon size, primer sequences, PCR mixture 
composition, and PCR conditions are provided in Table 
1. Amplicons were analyzed through 1.5% agarose gel 
electrophoresis using Ultra Gel Red Nucleic Acid Stain 
(10000x) (Vazyme,China) for staining. They were then 
visualized under a UV transilluminator (Vilber-Lourmat 
TFX-20.M [ETX-20 M],France) at 312 nm.

Statistical analysis
Statistical analysis was conducted using SPSS version 
22.0 (SPSS Inc.,Chicago, IL,USA). Descriptive analyses 
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Table 1. Primer sequences and amplicon sizes used in the study.



original articleHHV IN THE HEAD AND NECK CANCER

ANN SAUDI MED 2025  MARCH-APRIL  WWW.ANNSAUDIMED.NET 107

were performed to demonstrate the distribution and 
homogeneity of the variables. Continuous variables 
were presented as median (min-max); while categorical 
variables were presented as frequencies (n) and 
percentages (%). Chi-square or Fisher-Exact tests were 
performed to compare groups. A P value of less than.05 
was considered statistically significant.

RESULTS

Classification of the malignant and benign groups
The classification of malignant and benign groups, as 
well as the risk factors for the development of HNC, are 
provided in Table 2. In the MG, male gender (P<.001), 
advanced age (P<.001), and smoking (P<.001) were 
found to be significantly higher than BG. There was no 
difference between the groups in terms of alcohol use.

Detection of herpesviruses DNA
In the malignant group (MG), EBV-DNA was detected 
in 1 patient (0.3%) and HHV-6 DNA in 2 patients (0.6%). 
In the benign group (BG), VZV-DNA was detected in 
1 patient (0.5%), EBV-DNA in 3 patients (1.5%), CMV-
DNA in 5 patients (2.5%), and HHV-6 DNA in 3 patients 
(1.5%) (Figures 1-4). All samples were negative for HSV-
1, HSV-2, HHV-7, and HHV-8. No significant difference 
was found between the groups for VZV, EBV, and HHV-
6, a statistically significant difference was found in favor 
of the benign group for CMV (P=.01). The demographic 
characteristics and risk factors of the patients with HHV 
positivity are given in Table 3.

DISCUSSION
Although the roles of EBV and HHV-8 in cancer 
development have been revealed in previous studies,5, 

6 the roles of other HHVs, such as HSV-1, HSV-2, VZV, 
CMV, HHV-6, and HHV-7 in cancer pathogenesis have 
not yet been sufficiently elucidated.7-9

HSV-1 and HSV-2 have been associated with the 
development of various malignant tumors, including 
HNC.13 In a study evaluating the presence of HSV-1 
and HSV-2 DNA in tissue samples of patients with oral 
cavity and larynx cancers, it was suggested that HSV 
plays a role in the carcinogenesis process.14 On the 
other hand, some studies investigating the relationship 
between HSV 1/2 and the development of HNC found 
no relationship between the development of HNC and 
HSV infection.15 HSV-1 and -2 DNA was also absent in 
any of the samples examined in this study, preventing 
any conclusions regarding their potential role in the 
development of HN-SCC in our population. Other risk 
factors may contribute to developing HN-SCC along 

with HSV-1 and/or HSV-2 infection. Whether HSV-1 and 
HSV-2 are the primary triggers of HN-SCC development, 
or act as cofactors that modify known risk factors must 
be clarified with further studies. Inconsistent results 
were also found in studies examining the relationship 
between herpes zoster caused by VZV and a concurrent 
cancer diagnosis.16 Research on VZV’s impact on 
the development of HNC is limited, and it is unclear 
whether the virus plays a role in the development of 
HNC.2 In a study by Buntinx et al,17 a significant increase 
in lung, prostate, breast, and colorectal cancer was 
observed following herpes zoster infection in patients 
over 65 years. However, focusing on a specific group 

Table 2. Comparison of the classification of the groups and risk factors for the 
development of HNC.

Risk factor Benign group 
(n=200)

Malignant 
group (n=300) P value

Gender

   Female, n (%) 106 (53) 71 (23.66)
<.001

   Male, n (%) 94 (47) 229 (76.33)

Age, median, 
years (min-max) 40 (18-89) 64 (23-91) <.001

Smoking, n (%) 89 (44.50) 251 (83.66) <.001

Alcohol use, n (%) 35 (17.50) 52 (17.33) .97

Herpesvirus 
prevelance

   VZV, n (%) 1 (0.50) 0 (0) .40

   EBV, n (%) 3 (1.50) 1 (0.33) .30

   CMV, n (%) 5 (2.50) 0 (0) .01

   HHV-6, n (%) 3 (1.50) 2 (0.66) .39

Figure 1. Agarose gel electrophoresis of PCR products with primer of the EBV 
DNA. Ultra GelRed Nucleic AcidStain (10000x) (GR501-01) (Vazyme, China) was 
used for staining agarose gel electrophoresis. M: Molecular size marker (Gene 
Ruler DNA Ladder, 50-500 bp, Thermo, Germany), NC: Negative control, 1-4: 
Patient isolates, PC: Positive control.
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rather than the general population may have influenced 
the outcomes of this study. In the current study, only 
one patient (0.5%) with chronic tonsillitis in BG tested 
positive for VZV. 

EBV is the first virus demonstrated to be directly 
associated with carcinogenesis.18 Many studies have 
shown a direct relationship between the development 
of HNC and the presence of EBV.7,19 Nasopharyngeal 
carcinoma, one of the most frequent HNCs, has a 
proven involvement of EBV in its etiology.20 In a study 
investigating the presence of EBV in various squamous 
cell proliferative lesions in the oral cavity, EBV contributed 
to the transformation to a malignant phenotype in the 
oral squamous epithelium.21 In contrast, some studies 
exhibited higher EBV DNA positivity in the control 
group.22 EBV-DNA was detected in only one sample 
(0.3%) from the MG and three samples (1.5%) from the 
BG in our study, with no significant difference between 
groups (P=.30). On the other hand, a meta-analysis 
evaluating 13 case-control studies found a higher EBV 
positivity rate in fresh/frozen tissues than in paraffin-
embedded tissues, suggesting that different sample 
types and storage conditions may contribute to the 
heterogeneity of results.5 Given the high seropositivity 
rate for EBV in the Turkish population,23 the detection of 
too few EBV-DNA targets in both groups may not reflect 
the true prevalence, and the discrepancy may be due to 
the investigation of paraffin-embedded archive tissues 
in our study. While studies finding a low prevalence 
of EBV in HNC patients have suggested an absent or 
negligible etiological role24 of EBV in HNC development, 
studies showing a relatively high prevalence of EBV 
often support its potential etiological involvement.21 
Although CMV is not considered an oncogenic virus, 
its presence in cancer tissues has been interpreted 
as either a companion to cancer development or as 
an opportunist that infects cancer tissues in various 
studies.25 In a study where samples from patients 
with nasopharyngeal cancer and examined for CMV 
DNA, attention was drawn to the possible relationship 
between CMV and nasopharyngeal carcinoma.26 
In our study, CMV DNA was only detected in five 
samples (2.5%) in the BG, and a statistically significant 
difference was found between groups in favor of the 
BG (P=.01). Patients in the BG whose samples were 
positive for CMV-DNA had benign tongue lesions 
and buccal polyps, prompting an evaluation of the 
relationship between CMV and these lesions. Similarly, 
in a study investigating the presence of CMV-DNA in 
benign and malignant tumors of the orofacial region, 
CMV-DNA was not detected in malignant tumor tissue 
but was found in 10% of benign tumor samples.27 

Figure 2. Agarose gel electrophoresis of PCR products with primer of the VZV 
DNA. Ultra GelRed Nucleic AcidStain (10000x) (GR501-01) (Vazyme, China) was 
used for staining agarose gel electrophoresis. M: Molecular size marker (Gene 
Ruler DNA Ladder, 50-500 bp, Thermo, Germany), NC: Negative control, 1: 
Patient isolates, PC: Positive control.

Figure 3. Agarose gel electrophoresis of PCR products with primer of the CMV 
DNA. Ultra GelRed Nucleic AcidStain (10000x) (GR501-01) (Vazyme, China) was 
used for staining agarose gel electrophoresis.  M: Molecular size marker (Gene 
Ruler DNA Ladder, 50-500 bp, Thermo, Germany), NC: Negative control, 1-5: 
Patient isolates, PC: Positive control.

Figure 4. Agarose gel electrophoresis of PCR products with primer of the 
HHV-6 DNA. Ultra GelRed Nucleic AcidStain (10000x) (GR501-01) (Vazyme, 
China) was used for staining agarose gel electrophoresis. M: Molecular size 
marker (Gene Ruler DNA Ladder, 50-500 bp, Thermo, Germany), NC: Negative 
control, 1-5: Patient isolates, PC: Positive control.
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Table 3. Classification of patients with human herpes virus DNA detected in tissue samples.

Sex Age Clinical diagnosis Group HHV 
positivity

Other risk factor

Smoking Alcohol use

Female 59 Chronic tonsillitis Benign VZV - -

Male 66 Tongue SCC Malignant EBV + -

Female 65 Tonsillar lymphoid 
hyperplasia Benign EBV - -

Female 18 Tonsillar lymphoid 
hyperplasia Benign EBV - -

Male 18 Chronic tonsillitis Benign EBV - -

Male 66 Benign lesion of the 
tongue Benign CMV + -

Female 59 Fibrous hyperplasia of 
the tongue Benign CMV + -

Female 49 Polyp of the buccal 
mucosa Benign CMV - -

Male 64 Granulation tissue of 
the tongue Benign CMV + -

Male 40 Chronic tonsillitis Benign CMV - -

Female 56 Benign lesion of the 
buccal mucosa Benign HHV-6 + +

Female 27 Chronic tonsillitis Benign HHV-6 - -

Female 30 Chronic tonsillitis Benign HHV-6 - +

Male 73 Larynx SCC Malignant HHV-6 + -

Male 58 Larynx SCC Malignant HHV-6 + +

There are also studies suggestingthat CMV may be 
associated with polyp formation in various regions of 
the gastrointestinal and respiratory systems.28,29 The low 
incidence of CMV infection in oral SCC supports the 
claim that the virus can infect epithelial cells but likely 
does not have a direct oncogenic role. 

HHV-6 and HHV-7 have been linked to the 
development of different malignancies. While salivary 
glands serve as reservoirs for these viruses, it is 
debated whether they play a role in the development 
of salivary gland cancer.8 A study showed a high 
occurrence of HHV-6 in both malignant and benign 
oral cavity lesions, suggesting that the virus may be 
involved in the development of oral lesions, and have 
tumorigenic potential in vitro.30 In our study, HHV-
6 DNA was found in two samples (0.6%) from the 
MG and three samples (1.5%) from the BG, with no 
significant difference between groups (P=.39). HHV-
6 can persist throughout life by integrating into the 
chromosome. Before determining its role in developing 
HNCs, various samples, including the patient’s plasma, 

should be evaluated simultaneously. In our study, HHV-
7 was not detected in any samples. Based on this data, 
although it is speculated that HHV-6 and HHV-7 may 
contribute to carcinoma development through different 
mechanisms, further research is needed to establish 
their potential role in HNC. 

HHV-8, first discovered as a causative agent of 
Kaposi’s Sarcoma, is associated with approximately 1% 
of all human malignancies.31 In a study investigating 
the role of HHV-8 in the development of HNC, no 
association was found.32 Another study examining the 
presence of HHV-8 DNA in laryngeal SCC reported 
that HHV-8 may be involved in the process of laryngeal 
carcinogenesis.33 HHV-8 was not found in either groups 
in the present study. 

Existing studies on herpesvirus seroprevalence in 
the Turkish population show that the prevalence rates 
for HSV-1, VZV, EBV, and CMV are around 90%.23,34-36 
However, the rate of viral genome detection in the 
tissue samples did not match the seroprevalence rates. 
This discrepancy may be due to patient characteristics, 
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sample types, region, methods, quality, and infection 
stage. In our previous study, HPV-positivity was assessed 
in the same groups, with no statistically significant 
difference found for HPV-positivity (53 patients [17.67%] 
in the MG and 29 patients [14.50%] in the BG, P=.27).37 

In the present study, we evaluated the association 
of risk factors other than HHV, such as smoking, alcohol 
consumption, and age, with the development of HNC. 
Similar to the findings of the meta-analysis by Zhang et 
al,38 smoking was identified as a stronger significant risk 
factor for HNC than alcohol consumption in our study. 
According to the Global Cancer Statistics 2020,39 HN-
SCC is more frequently diagnosed in male patients over 
50. Similarly, our study found that advanced age and 
male gender were significantly more prevalent in the 
malignant group compared to the benign group. The 
limitations of our study include the storage conditions 
of the samples used (paraffinized samples) and the fact 
that it is a single-center study. Although the paraffinized 
sample negatively affects the frequency of HHV 
detection, the fact that the study was conducted in a 
single center indicates that multicenter studies will be 
needed to better understand the relationship between 
viruses and the development of HN-SCC in the Turkish 
population.

CONCLUSION
Considering the multifactorial nature of cancer etiology, 
the contribution of herpesviruses alone to cancer 
development may be relatively small. Therefore, it 
may be helpful to investigate the role of viruses as 
cofactors, in cancer development. Evaluating the role 
of viruses not examined in this study, either alone or 
in combination with other viruses and the relationship 
between various risk factors would provide more direct 
results. To obtain more reliable data, increasing the 
number of patient groups or conducting long-term 
prospective studies will help to clarify this issue. To 
the best of our knowledge, this study is the first to 
determine the connection between the presence of 
herpes virus and other risk factors such as smoking and 
alcohol consumption with the development of HN-SCC 
in the Turkish population. Despite the relatively high 
prevalence of herpesvirus in the Turkish population, no 
viral genome was found in tissue samples. This suggests 
that factors other than herpes viruses may play a more 
significant role in the development of HN-SCC in this 
population. 



original articleHHV IN THE HEAD AND NECK CANCER

ANN SAUDI MED 2025  MARCH-APRIL  WWW.ANNSAUDIMED.NET 111

1. Goon P, Schürmann M, Oppel F, Shao S, 
Schleyer S, Pfeiffer CJ, et al. Viral and clinical 
oncology of head and neck cancers. Current 
Oncology Reports. 2022;24(7):929-42.
2. Wołącewicz M, Becht R, Grywalska E, 
Niedźwiedzka-Rystwej P. Herpesviruses 
in head and neck cancers. Viruses. 
2020;12(2):172.
3. Samara P, Athanasopoulos M, 
Mastronikolis S, Kyrodimos E, 
Athanasopoulos I, Mastronikolis NS. The 
Role of Oncogenic Viruses in Head and 
Neck Cancers: Epidemiology, Pathogenesis, 
and Advancements in Detection Methods. 
Microorganisms. 2024;12(7):1482.
4. Carlander A-LF, Larsen CG, Jensen 
DH, Garnæs E, Kiss K, Andersen L, et al. 
Continuing rise in oropharyngeal cancer 
in a high HPV prevalence area: A Danish 
population-based study from 2011 to 2014. 
European Journal of Cancer. 2017;70:75-82.
5. She Y, Nong X, Zhang M, Wang M. Epstein-
Barr virus infection and oral squamous cell 
carcinoma risk: A meta-analysis. PLoS One. 
2017;12(10):e0186860.
6. Kim O, Kim S. A sensitive and specific 
detection of Human herpesvirus 8 by 
polymerase chain reaction and dot blot 
hybridization. Acta virologica. 2003;47(2):87-
90.
7. Polz-Gruszka D, Stec A, Dworzański J, 
Polz-Dacewicz M. EBV, HSV, CMV and HPV 
in laryngeal and oropharyngeal carcinoma 
in Polish patients. Anticancer research. 
2015;35(3):1657-61.
8. Shanehsazzadeh M, Sharifi-Rad J, Pourazar 
A, Behbahani M. Epidemiology of herpes 
human virus 6 and 7 infections in salivary 
gland neoplasms in Isfahan, Iran. Medical 
Archives. 2014;68(4):276.
9. Iglar K, Kopp A, Glazier RH. Herpes zoster 
as a marker of underlying malignancy. Open 
medicine. 2013;7(2):e68.
10. 10. Matsushima Y, Shimizu T, Doi I, 
Mizukoshi F, Nagasawa K, Ryo A, et al. 
A method for detecting rash and fever 
illness-associated viruses using multiplex 
reverse transcription polymerase chain 
reaction. Microbiology and immunology. 
2017;61(8):337-44.
11. Machado PRL, Farias KJS, Pereira MGM, 
Freitas PPdSd, Fonseca BALd. Human 
herpesvirus 8 (HHV-8) detected by nested 
polymerase chain reaction (PCR) in HIV 
patients with or without Kaposi’s sarcoma. 
An analytic cross-sectional study. Sao Paulo 
Medical Journal. 2015;134:187-92.
12. Lorenz TC. Polymerase chain reaction: 
basic protocol plus troubleshooting and 
optimization strategies. JoVE (Journal of 
Visualized Experiments). 2012(63):e3998.
13. Starr JR, Daling JR, Fitzgibbons ED, 
Madeleine MM, Ashley R, Galloway DA, et 
al. Serologic evidence of herpes simplex 
virus 1 infection and oropharyngeal cancer 
risk. Cancer research. 2001;61(23):8459-64.
14. Dayyani F, Tavakolian S, Goudarzi H, 
Biucki FY, Faghihloo E. Prevalence of HSV, 

Varicella-Zoster, CMV, EBV and HPV in the 
oral cavity and the larynx carcinoma in Iran. 
Future Virology. 2021;16(2):141-51.
15. Dabouian A, Tabibzadeh A, Salimi-Jeda 
A, Torkashvand S, Panahi M, Tameshkel 
FS, et al. The Molecular Epidemiology of 
Herpes Simplex Virus Type 1 and 2 (HSV-
1 and HSV-2) in Head and Neck Cancer 
(HNC). International Journal of Cancer 
Management. 2020;13(7).
16. Wang Y-P, Liu C-J, Hu Y-W, Chen T-J, Lin 
Y-T, Fung C-P. Risk of cancer among patients 
with herpes zoster infection: a population-
based study. Cmaj. 2012;184(15):E804-E9.
17. Buntinx F, Wachana R, Bartholomeeusen 
S, Sweldens K, Geys H. Is herpes zoster a 
marker for occult or subsequent malignancy? 
British Journal of General Practice. 
2005;55(511):102-7.
18. Thompson MP, Kurzrock R. Epstein-Barr 
virus and cancer. Clinical cancer research. 
2004;10(3):803-21.
19. Gondivkar SM, Parikh RV, Gadbail 
AR, Solanke V, Chole R, Mankar M, 
et al. Involvement of viral factors with 
head and neck cancers. Oral Oncology. 
2012;48(3):195-9.
20. Shannon-Lowe C, Rickinson A. The 
global landscape of EBV-associated tumors. 
Frontiers in oncology. 2019:713.
21. Horiuchi K, Mishima K, Ichijima K, 
Sugimura M, Ishida T, Kirita T. Epstein-
Barr virus in the proliferative diseases of 
squamous epithelium in the oral cavity. Oral 
Surgery, Oral Medicine, Oral Pathology, 
Oral Radiology, and Endodontology. 
1995;79(1):57-63.
22. Jalouli J, Ibrahim SO, Sapkota D, Jalouli 
MM, Vasstrand EN, Hirsch JM, et al. Presence 
of human papilloma virus, herpes simplex 
virus and Epstein–Barr virus DNA in oral 
biopsies from Sudanese patients with regard 
to toombak use. Journal of oral pathology & 
medicine. 2010;39(8):599-604.
23. Ozkan A, Kilic SS, Kalkan A, Ozden M, 
Demirdag K, Ozdarendeli A. Seropositivity 
of Epstein-Barr virus in Eastern Anatolian 
Region of Turkey. Asian Pacific Journal of 
Allergy and Immunology. 2003;21(1):49.
24. Kobayashi I, Shima K, Saito I, Kiyoshima 
T, Matsuo K, Ozeki S, et al. Prevalence 
of Epstein–Barr virus in oral squamous 
cell carcinoma. The Journal of pathology. 
1999;189(1):34-9.
25. Delavarian Z, Pakfetrat A, Falaki F, 
Pazouki M, Pazouki N. The role of viruses 
in oral squamous cell carcinoma in young 
patients in Khorasan (Northeast of Iran). J 
Appl Sci. 2010;10(11):981-5.
26. Ahmed HG, Suliman RSA, Ashankyty 
IM, Albieh ZA, Warille AA. Role of 
human Cytomegalovirus in the etiology 
of nasopharyngeal carcinoma. Journal 
of Cancer Research and Therapeutics. 
2018;14(3):583.
27. Blankson P-K, Parkins GE, Blankson HNA, 
Fasola AO, Pappoe-Ashong PJ, Boamah 
MO, et al. Herpesviruses and human 

papillomaviruses in saliva and biopsies 
of patients with orofacial tumors. Clinics. 
2024;79:100477.
28. Agaimy A, Mudter J, Märkl B, Chetty 
R. Cytomegalovirus infection presenting 
as isolated inflammatory polyps of 
the gastrointestinal tract. Pathology. 
2011;43(5):440-6.
29. Naber JM, Palmer SM, Howell DN. 
Cytomegalovirus infection presenting 
as bronchial polyps in lung transplant 
recipients. The Journal of heart and lung 
transplantation. 2005;24(12):2109-13.
30. Yadav M, Arivananthan M, 
Chandrashekran A, Tan BS, Hashim BY. 
Human herpesvirus-6 (HHV-6) DNA and 
virus-encoded antigen in oral lesions. 
Journal of oral pathology & medicine. 
1997;26(9):393-401.
31. McHugh D, Caduff N, Barros MHM, 
Rämer PC, Raykova A, Murer A, et al. 
Persistent KSHV infection increases EBV-
associated tumor formation in vivo via 
enhanced EBV lytic gene expression. Cell 
host & microbe. 2017;22(1):61-73. e7.
32. Vieira J, Huang M-L, Koelle DM, Corey 
L. Transmissible Kaposi’s sarcoma-associated 
herpesvirus (human herpesvirus 8) in saliva 
of men with a history of Kaposi’s sarcoma. 
Journal of virology. 1997;71(9):7083-7.
33. Güvenç MG, Midilli K, Özdoğan A, İnci 
E, Tahamiler R, Enver Ö, et al. Detection of 
HHV-8 and HPV in laryngeal carcinoma. Auris 
Nasus Larynx. 2008;35(3):357-62.
34. Dolar N, Serdaroglu S, Yilmaz G, Ergin 
S. Seroprevalence of herpes simplex virus 
type 1 and type 2 in Turkey. Journal of the 
European Academy of Dermatology and 
Venereology. 2006;20(10):1232-6.
35. Hekimoğlu C, Özbek Ö, Emek M, Oktem 
İ, Koroglu G, Sertel M, et al. Seroprevalence 
and social determinants of varicella in Turkey. 
Eastern Mediterranean Health Journal. 
2018;24(3).
36. Sahiner F, Cekmez F, Cetinkaya M, Kaya 
G, Kalayci T, Gunes O, et al. Congenital 
cytomegalovirus infections and glycoprotein 
B genotypes in live-born infants: a 
prevalence study in Turkey. Infectious 
Diseases. 2015;47(7):465-71.
37. Gürler M, Akyıldız H, Yüksel S, Oghali 
A, Dizdar Sak S, Karahan Z, et al. editors. 
Investigation of the Role of HPV in the 
Development of Head and Neck Cancer. In: 
Proceedings of the 7th National Congress of 
Clinical Microbiology; 2023; Muğla, Turkey. 
pp:179-181.
38. 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;10(4):e0124045.
39. Sung H, Ferlay J, Siegel RL, Laversanne 
M, Soerjomataram I, Jemal A, et al. Global 
cancer statistics 2020: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 
cancers in 185 countries. CA: a cancer journal 
for clinicians. 2021;71(3):209-49.

REFERENCES


