Pre prints.org

Article Not peer-reviewed version

Oncoviral Signatures in Head and Neck
Cancers: From Serological Analysis to
Subtype-Specific Genomic Detection

Mustafa Onel * , Hayriye Kirkoyun , Murat Ulusan , Utkucan Ayeser , Kutay Sarsar, Yasemin Ayse Ucar ,
Ozlem Yoldas , Fulya Giirkan Kiraz , Ali Mert Uysal , Mehmet Celik , Ali Agacfidan

Posted Date: 19 June 2025
doi: 10.20944/preprints202506.1563.v1

Keywords: Head and neck cancer; viral STD agents; oncogenic viruses

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3162139
https://sciprofiles.com/profile/2662287
https://sciprofiles.com/profile/4531740
https://sciprofiles.com/profile/4532312
https://sciprofiles.com/profile/3192345
https://sciprofiles.com/profile/4349612
https://sciprofiles.com/profile/4563784
https://sciprofiles.com/profile/3406689
https://sciprofiles.com/profile/4532152
https://sciprofiles.com/profile/4532345

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2025 d0i:10.20944/preprints202506.1563.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Oncoviral Signatures in Head and Neck Cancers:
From Serological Analysis to Subtype-Specific
Genomic Detection

Mustafa Onel »*, Hayriye Kirkoyun 1, Murat Ulusan 2, Utkucan Ayeser ?, Kutay Sarsar !,
Yasemin Ayse Ucar 3, Ozlem Yoldas ¢, Fulya Giirkan Kiraz 5, Ali Mert Uysal 6, Mehmet Celik 2
and Ali Agacfidan !

I Istanbul Univeristy, Istanbul Medical Faculty, Department of Medical Microbiology, 34093,
Capa-Fatih, ISTANBUL
2 Istanbul Univeristy, Istanbul Medical Faculty, Department of Otolaryngology — Head and Neck Surgery,
34093, Capa-Fatih, ISTANBUL
3 Istanbul Beykent University, Faculty of Medicine, Department of Medical Microbiology,
34500 Biiyiikgekmece, Istanbul
4 Altinbas University, Vocational School of Health Services, 34147 Bakirkoy, ISTANBUL
5 Istanbul Univeristy, Institute of Health Sciences, Department of Medical Microbiology, 34126,
Fatih, ISTANBUL
¢ Acibadem University, Medical Faculty, 34638 Atasehir, ISTANBUL

* Correspondence: onelm@istanbul.edu.tr

Abstract: Objective: This study aimed to investigate the cytomegalovirus (CMV), Epstein-Barr virus
(EBV), human papillomavirus (HPV), and herpes simplex virus (HSV) in patients with head and neck
cancer, in relation to age, sex, tumor type, and risk factors, at both molecular and serological levels.
Materials and Methods: Data from 50 patients diagnosed histopathologically with head and neck
cancer who were admitted to the Department of Otorhinolaryngology, Istanbul Faculty of Medicine,
between April 2023 and April 2024 were reviewed. At the time of diagnosis, venous blood and tumor
biopsy tissue were collected from all cases. CMV, EBV, HPV, and HSV DNA were investigated in
both blood and biopsy samples using quantitative real-time PCR. Serologically, IgM and IgG levels
were measured using the CMIA method. The data were analyzed along with demographic and
clinical parameters. Results: In blood samples, CMV and HSV DNA were not detected, while EBV
DNA was found to be positive in 2% and HPV DNA in 4% of the cases. In biopsy tissues, CMV DNA
was detected in 8%, EBV DNA in 10%, and HPV DNA in 6% of the samples; HSV DNA was also not
detected in tissue samples. HPV DNA positivity showed a statistically significant variation according
to tumor type and was more frequently detected in the subtypes of tongue SCC and retromolar SCC
(p = 0.005). In serological evaluation, IgG positivity for CMV, EBV, and HSV-1 was above 90%,
whereas IgM positivity for all viruses was low and not statistically significant. Conclusion: Among
patients with head and neck cancer, the overall positivity rates for HPV, EBV, and CMV DNA were
low, and HSV DNA was not detected. The higher prevalence of HPV in specific tumor subtypes
suggests a selective role of this virus in head and neck cancers. These findings highlight that the viral
etiology of head and neck cancers may vary depending on tumor subtype and individual factors,
emphasizing the importance of regional epidemiological data.

Keywords: head and neck cancer; viral STD agents; oncogenic viruses

1. Introduction

Head and neck cancers constitute a significant public health concern worldwide in terms of both
morbidity and mortality [1]. While environmental factors such as tobacco and alcohol use—
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particularly in squamous cell carcinomas (SCCs)—remain the predominant etiological contributors,
recent studies have revealed that viral infections may also play a meaningful role in the pathogenesis
of these tumors [2]. Human papillomavirus (HPV), Epstein-Barr virus (EBV), cytomegalovirus
(CMV), and herpes simplex virus (HSV) are the main viral agents that have been investigated in
association with various malignancies in the head and neck region [2-6].

Numerous studies and meta-analyses have demonstrated the oncogenic role of HPV, especially
in specific subtypes of head and neck cancers such as oropharyngeal and oral cavity SCCs [3,4]. EBV
is almost universally detected in nasopharyngeal carcinoma, while its presence in other head and
neck tumors varies depending on geographic and ethnic factors [5,6]. CMV and HSV, on the other
hand, are not primarily associated with direct oncogenic activity but are believed to contribute to
tumor microenvironment modulation and the shaping of immune responses [7,8]. However, the
prevalence of these viruses in head and neck cancers, their association with clinical and
histopathological features, and their potential impact on tumor behavior remain limited and
controversial in the literature.

Currently, both molecular methods (PCR-based viral DNA analysis) and serological tests
(IgM/IgG antibody levels) are employed to detect viral agents in head and neck cancers. Nevertheless,
the true clinical significance of viral DNA positivity and seroprevalence—particularly when
considering regional epidemiological differences and tumor subtypes—has not yet been clearly
established. Furthermore, most studies originate from Western countries or regions with high
incidence rates, and comprehensive screenings including multiple microbial agents remain scarce in
transitional regions such as Turkey.

The aim of this study is to evaluate the presence of HPV, EBV, CMV, and HSV at both molecular
and serological levels, using blood and biopsy tissue samples from head and neck cancer patients
admitted to the Department of Otorhinolaryngology at Istanbul Faculty of Medicine. Additionally,
the study aims to correlate the findings with age, sex, tumor type, and risk factors, and to interpret
the results in comparison with the existing literature. Ultimately, this study seeks to provide current,
multifaceted, and original data regarding the role and clinical implications of viral etiology in head
and neck cancers at a regional level.

2. Materials & Methods
2.1. Study Design and Participants

This study was conducted by including 50 patients who were admitted to the
Otorhinolaryngology Outpatient Clinic of Istanbul Faculty of Medicine between April 2023 and April
2024 and were histopathologically diagnosed with head and neck cancer. The study was approved
by the Clinical Research Ethics Committee of Istanbul University Faculty of Medicine on November
7, 2023 (Approval No: 2234909). The age, sex, tumor localization, clinical stage, and risk factors
(smoking, alcohol consumption, comorbidities) of the included patients were recorded. Venous blood
samples and tumor biopsy tissues were collected from all patients.

For molecular analyses, blood samples were collected in EDTA-containing anticoagulant tubes
(Vacusera, Disera Ltd., Izmir, Turkey), while biopsy tissues were obtained in physiological saline
under sterile conditions. For serological analyses, blood samples were drawn into gel-containing,
anticoagulant-free tubes (Vacusera, Disera Ltd., Izmir, Turkey), and serum was obtained by
centrifugation.

Patients who had previously received antiviral treatment for any viral infection, had
immunodeficiency, systemic infections, or hematological malignancies were excluded from the
study. Clinical and demographic data were obtained from the hospital information system and
patient records.
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2.2. Viral DNA Analysis — Quantitative Real-Time PCR (gPCR)

The presence of viral DNA for CMV, EBV, HPV, and HSV was investigated in both venous blood
samples and biopsy tissues using quantitative real-time polymerase chain reaction (QPCR), with a
specific kit employed for each pathogen: HSV QLP 2.1 Real-Time PCR Kit, Fluorion HPV Screening
QNS 1.1 Real-Time PCR Kit, Fluorion CMV QNP 3.0, and Epstein-Barr Virus QNP 1.0 Real-Time PCR
Kit (IONTEK Pharmaceuticals, Diagnostics and Biotechnology R&D Corp., Istanbul, Turkey).

Nucleic acid extraction was performed using a commercial viral DNA isolation kit (MinElute®
Virus Spin Kit, Qiagen, Germany) according to the manufacturer's protocol. The extracted DNA
samples were subjected to qPCR analysis using primers and probes specific to each virus. Positive
and negative control samples were included in each run. Results were interpreted based on Ct (Cycle
threshold) values, and positivity was determined using the threshold values recommended by the
manufacturer. Each sample was analyzed under double-blind conditions by at least two experienced
researchers.

2.3. Serological Tests

IgM and IgG levels for CMV, EBV, HSV-1/2, and HPV were analyzed using the Enzyme-Linked
Immunosorbent Assay (ELISA) method. The analyses were performed using kits and protocols
recommended by the manufacturer, and the thresholds for positivity and negativity were determined
based on the in-kit validation values. All samples were thawed only once prior to analysis and were
not subjected to repeated freeze-thaw cycles. Results were reported both quantitatively and as
positive/negative according to the manufacturer’s cut-off values.

2.3.1. CMV IgM and IgG Tests

A commercial kit based on the capture ELISA principle was used to measure CMV IgM and IgG
levels (DIA PRO, Milan, Italy). For CMV IgM, according to the kit's evaluation criteria, samples with
a signal-to-cutoff ratio (S/Co) <1.0 were considered negative, while those with an S/Co >1.2 were
considered positive, based on optical density measurements at 450 nm wavelength. For CMV IgG,
samples with levels <0.5 IU/mL were considered negative, and those >0.5 IU/mL were considered
positive.

2.3.2. EBV IgM and IgG Tests

A commercial kit based on the capture ELISA principle was used to measure EBV IgM (targeting
Epstein-Barr Virus Nuclear Antigen - EBNA) and IgG (targeting Viral Capsid Antigen — VCA) levels
(DIA PRO, Milan, Italy). According to the kit's evaluation criteria, for EBV EBNA-IgM, samples with
a signal-to-cutoff ratio (S/Co) <1.0 were considered negative, and those with S/Co >1.2 were
considered positive, based on optical density measurements at 450 nm wavelength. For EBV VCA-
IgG, samples with levels <0.5 arbU/mL were considered negative, and those >0.5 arbU/mL were
considered positive.

2.3.3. HSV 1/2 IgM and IgG Tests

A commercial kit based on the capture ELISA principle was used to measure HSV-1/2 IgM and
IgG levels (DIA PRO, Milan, Italy). According to the kit's evaluation criteria, samples with a signal-
to-cutoff ratio (5/Co) <1.0 were considered negative, and those with S/Co >1.2 were considered
positive for HSV-1/2 IgM, based on optical density measurements at 450 nm wavelength. For HSV-
1/2 IgG, samples with levels <0.5 arbU/mL were considered negative, and those >0.5 arbU/mL were
considered positive.
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2.3.4. HPV IgM and IgG Tests

A commercial kit based on the capture ELISA principle was used to measure HPV IgM and IgG
levels (Human Papillomavirus Antibody, HPV-IgG ELISA Kit, BT Lab, Shanghai Korain Biotech Co.,
China). According to the Kkit's evaluation criteria, samples with a signal-to-cutoff ratio (S/Co) <1.0
were considered negative, and those with 5/Co >1.2 were considered positive for HPV IgM, based on
optical density measurements at 450 nm wavelength. For HPV IgG, samples with levels <0.5 IU/mL
were considered negative, and those >0.5 IU/mL were considered positive.

2.4. Statistical Analysis

All statistical analyses were performed using SPSS version 26.0 for Windows (IBM Corporation,
Armonk, New York, USA). Categorical variables were presented as counts and percentages, while
continuous variables were expressed as mean + standard deviation and median values. Fisher’s exact
test was used for comparisons between two or more independent categorical groups, and for
continuous non-parametric data, the Mann-Whitney U and Kruskal-Wallis tests were applied. Viral
DNA and serological positivity rates were evaluated separately in relation to age group, sex, tumor
type, and risk factors. A p-value of <0.05 was considered statistically significant.

3. Results

In this study, a comprehensive evaluation was conducted on demographic characteristics, tumor
distribution, lifestyle factors, serological markers, and molecular-level viral DNA positivity based on
data obtained from 50 patients diagnosed with head and neck cancer. The findings were assessed in
relation to both blood and tissue viral loads as well as clinical variables such as age, sex, and tumor
subtypes.

The mean age of participants was 57.9 + 13.0 years, ranging from 24 to 86, indicating a patient
population that may be influenced by age-related immunological changes. Regarding gender
distribution, 73.1% of the patients were male (n=38) and 23.1% were female (n=12), consistent with
existing literature indicating a higher prevalence of head and neck cancers in men. The most common
histopathological diagnoses were laryngeal SCC (34.6%), tongue SCC (21.2%), and retromolar SCC
(7.7%). Less frequent tumor types included hypopharyngeal SCC, tonsillar SCC, and nasopharyngeal
carcinoma (Table 1).

Table 1. Demographic characteristics of all cases.

Demographics Value
Total Cases (n) 50
Mean Age (+SD) 57.9 (+13.0)
Age Scale (min.-max.) 24.0-86.0
Male (%) 38 (%73.1)
Female (%) 12 (%23.1)
Common Tumor Subtypes Laryngeal ?{iﬁéﬁiﬁi@gﬁ?ﬁ:;:f C (%21.2)
Smoking Status (%) %88
Alcohol Use (%) %18

Among lifestyle factors, smoking was identified in 88% of patients (n=44), with a high mean
pack-year index, supporting its significant role in the development of non-HPV-related head and
neck cancers. Alcohol consumption was reported in only 18% (n=9) of patients; although lower than
in Western populations, it remains notable given its synergistic carcinogenic effects.

In molecular testing, CMV and HSV DNA were not detected in any blood samples. EBY DNA
was detected in one patient (2%), and HPV DNA in two patients (4%), all of whom were male and
between 50-69 years old. However, subgroup analysis revealed no statistically significant association
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with age or sex (p > 0.05). These low positivity rates may be attributed to the short viremic phase or
the challenge of detecting latent infections in peripheral blood using PCR. Latent viruses like EBV
and HPV may be more accurately identified through tissue-based assessments (Table 2).

Table 2. CMV, EBV, HSV, and HPV DNA positivity in blood and tissue samples of patients with head and neck cancer.

Virus Sample Type  Positive (n) Positive (%) Negative (n) Negative (%)
CMV Blood 0 9%0.0 50 %100
CMV Biopsiy 4 %8 46 %92
HSV Blood 0 %0.0 50 %100
HSV Biopsiy 3 %06 47 %94
EBV Blood 1 %02 49 %98
EBV Biopsiy 5 %10 45 %90
HPV Blood 2 %4 48 %96
HPV Biopsy 3 706 47 9094

Tissue-based DNA analysis showed higher positivity rates: CMV DNA was detected in 4
patients (8%), EBV DNA in 5 patients (10%), and HPV DNA in 3 patients (6%) (Figure 1). HSV DNA
was not detected in any tissue samples. HPV DNA positivity varied significantly by tumor subtype
and was found at higher rates in tongue SCC (18.2%) and retromolar SCC (50%) cases. This
distribution was statistically significant (p = 0.005), supporting the oncogenic role of HPV particularly
in oropharyngeal tumors. By sex, CMV and EBV DNA positivity was observed only in males, while
HPV DNA positivity was detected in 16.7% of females and only 2.6% of males, a difference that,
although not statistically significant (p = 0.14), is noteworthy.

Serological testing revealed high rates of IgG antibodies, reflecting past infections within the
general population. CMV IgG (94%), EBV IgG (94%), and HSV-1 IgG (98%) positivity rates suggest
widespread prior exposure to these viruses. Conversely, IgM antibodies—indicative of acute
infections—were detected at low rates: CMV IgM (6%), EBV IgM (2%), HSV-1 IgM (0%), HSV-2 IgM
(2%), and HPV IgM (8%). This suggests a low prevalence of active primary infections in the study
cohort (Table 3, Figure 1).

Table 3. IgM and IgG positivity rates of CMV, HSV-1/2, EBV, and HPV in patients with head and neck cancer.

Serological Parameter Positive (n) Positive (%)
CMV IgM 3 %6
CMV IgG 47 %94

HSV1IgM 0 9%0.0
HSV1IgG 49 %98
HSV 2 IgM 1 %2
HSV 21gG 15 %30
EBV IgM 1 %2
EBV IgG 47 9094
HPV IgM 4 %8
HPV IgG 3 %06

Age-stratified serological analysis revealed that IgG positivity rates approached 100% in the 50—
69 age group. By gender, CMV IgG positivity was 100% in females and 92.1% in males. IgG antibodies
against HPV were rare, detected in 6% of males and 0% of females. Comparisons of these serological
markers by age and sex revealed no statistically significant differences (p> 0.05).

In summary, viral DNA positivity was low in blood samples but notably higher in tissue
biopsies. Viruses such as HPV, EBV, and CMV may play a more prominent role in specific tumor
subtypes, and such associations are better evaluated through tissue-based analyses. Serologically,
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past viral infections were found to be highly prevalent, while markers of active infection were
observed at very low rates.

4. Discussion

While the dominant role of tobacco and alcohol in the etiology of head and neck cancers has
been well established for decades, an increasing number of studies over the past decade have
highlighted the significant contribution of viral infections. Although the exact impact of viral agents
on the development, progression, and treatment response of head and neck tumors remains
incompletely understood, several viruses—especially HPV and EBV—have been identified as
potential key factors in certain tumor subtypes [11,12]. In this study, a comprehensive multi-viral
screening at both molecular (blood and tissue PCR) and serological levels revealed the associations
between viral positivity and clinical/demographic variables in a regional cohort of patients with head
and neck cancer.

The significant variation in HPV DNA positivity across tumor subtypes in tissue samples (p =
0.005), particularly its higher detection in tongue SCC (18.2%) and retromolar SCC (50%) cases,
suggests a central role for HPV in the pathogenesis of cancers located in these anatomical regions.
This finding aligns with international data reporting HPV as a major oncogenic factor in
oropharyngeal and oral cavity SCCs [13,14]. In a recent systematic review and meta-analysis, the
overall prevalence of HPV-positive oropharyngeal squamous cell carcinoma (excluding tonsils and
base of tongue) was found to be 20% (95% CI: 13-30%) [4]. In a study conducted by Uhlrich et al. in
2024, HPV positivity was reported in 65.8% of oropharyngeal squamous cell carcinomas [15]. This
finding further highlights the prominent role of HPV in the development of oropharyngeal cancers
and underscores the importance of vaccination and early detection strategies in this field. In contrast,
HPV DNA detection rates in laryngeal SCC and other head and neck tumors were low in our study.
Supporting this, In a meta-analysis published in 2024 by Vani VN et al., the proportion of HPV-
positive oropharyngeal cancers was reported to be 45.8%. [16].

Regarding EBV, the absence of a significant difference in tissue DNA positivity among tumor
subtypes indicates that EBV does not play a selective or dominant role in head and neck SCC. While
EBV is almost universally associated with nasopharyngeal carcinoma—with positivity rates
exceeding 90% in studies from East Asia and Africa [17,18] —its presence in oral and laryngeal SCCs
is more limited in Western populations. Our findings are consistent with this literature.

As for CMV, existing studies tend to focus not on its direct oncogenic potential in head and neck
cancers but rather on its secondary roles in immunosuppression, tumor microenvironment
modulation, and chemotherapy resistance [19]. Although some reports have linked CMV detection
in tumor tissue to disease progression or poor prognosis, in our case series, CMV DNA positivity was
low and similarly distributed across subtypes.

In the case of HSV, no positivity was observed in either blood or tissue samples. Recent meta-
analyses suggest that HSV is not significantly associated with head and neck SCC and that its
detection is more likely due to coinfection or viral reactivation [20].

The detection of viral DNA predominantly in patients aged 50 years and older was noteworthy;
however, age-based subgroup analysis did not reveal a statistically significant difference. Previous
literature suggests that HPV-related head and neck cancers are more frequent among younger adults,
whereas classical risk factor-associated cases tend to occur at older ages [21]. Chaturvedi et al.
reported an increasing trend of HPV-positive oropharyngeal cancers in individuals under 50,
suggesting that viral factors may be more prominent in this subgroup. In our study, however, HPV,
EBV, and CMV DNA positivity in tissue samples was also observed in older individuals, supporting
the hypothesis that latent viral infections may reactivate with age or that age-related immune changes
could facilitate viral oncogenesis [22].

Serological IgG positivity was also higher in older age groups, indicating widespread past or
persistent infections. These results are likely associated with immunological changes due to aging
and cumulative lifetime exposure to these viruses [23].
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The noticeably higher HPV DNA positivity in biopsy samples among female patients (16.7%)
compared to males (2.6%), although not statistically significant (p =0.14), is an important observation.
Some studies have suggested that HPV prevalence may differ by sex. In a multicenter study
conducted by D’Souza et al., the prevalence of HPV positivity in oropharyngeal squamous cell
carcinoma (OPSCC) cases was found to be similar between women and men, with a significant
increase observed over time in both sexes; however, no statistically significant difference was
detected between the sexes (p = 0.34) [24]. However, most studies from Western populations report
a higher prevalence of HPV-associated head and neck cancers in men [25]. These differences may
stem from geographic and cultural factors, as well as variations in risk behaviors, sexual practices,
and biological immune responses. Our findings suggest that the impact of gender on HPV positivity
may be context-dependent, and the potential risk of HPV-related head and neck cancer in women
should not be overlooked. EBV and CMV DNA positivity were observed only in male patients, but
the limited number of cases prevented statistical significance. The literature contains limited data on
this matter, and gender differences are generally attributed to risk exposures and behavioral patterns.

This study has several limitations, including a relatively small sample size and being a single-
center study. In particular, the small number of cases in certain subgroups (e.g., rare tumors like
retromolar SCC) limited statistical power and generalizability. Additionally, potential confounding
variables such as immune status, treatment history, and tumor stage could not be comprehensively
analyzed in this cohort. Nevertheless, the findings provide valuable and original insights into the
presence and distribution of viral agents in head and neck cancers.

5. Conclusions

Our study demonstrates that viral agents in head and neck cancer cases may exhibit significant
variations according to clinical variables such as tumor subtype, age, and sex. Notably, HPV was
detected at higher rates in oral cavity and tongue SCCs, whereas EBV and CMV did not show
significant distribution patterns across these tumor types. HSV was not detected in any patient.
Serologically, high IgG positivity rates reflect widespread past infections in the population, while
IgM positivity rates—and thus evidence of acute or persistent infections—were quite low. These
findings suggest that the viral etiology of head and neck cancers may vary depending on tumor
subtype and individual factors, emphasizing the importance of considering tumor subtypes in
clinical management.
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Abbreviations

The following abbreviations are used in this manuscript:

EBV Ebstein Barr Virus

CMV Cytomegalovirus

HSV Herpes Simplex Virus

HPV Human Papilloma Virus

SCC Squamous Cell Carcinoma

ELISA Enzyme Linked Immunosorbent Assay

qPCR Quantitative Polymerase Chain Reaction
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