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Purpose: The purpose of this scoping review was to investigate which viruses other than HPV and EBV-associated with OPMDs and
investigate whether viruses are linked solely to the etiology of OPMDs, their malignant transformation (MT), or both.

Methods: A scoping review following PRISMA-ScR methodological framework was used during the process. We conducted
thorough searches in the EBSCOhost and PubMed databases. The inclusion criteria were publications that described viruses in
OPMDs and identified pertinent research published between 2014 and 2023. The articles included underwent a thorough analysis and
synthesis process to map out viruses in OPMDs. Pertinent characteristics such as research domains, publication dates, authors, type of
research studies, sample sizes, gender ratios, types of OPMDs lesions, detected viruses, and methodological detection approaches were
incorporated into the analysis.

Results: A total of twenty-eight articles were eligible for inclusion. The prevalence of viruses detected in OPMDs was found to be
78.57%. Viruses detected in this study, including HPV (0% to 86.6%), EBV (8% to 95.7%), hepatitis B virus (HBV) (6.71%) and
herpes simplex virus (HSV) (1%). The biggest risk factor for OPMDs found in this study was tobacco use.

Conclusion: Given that 90% of oral cancers worldwide are attributable to OSCC, it is crucial to understand the role of viruses such as
HPV, EBV, HBV, and HSV, along with unhealthy risk factors like tobacco and alcohol, which may contribute to the etiology and
progression of lesions into OPMDs. Global data indicate that these viruses play varying roles in the etiology of OPMDs, with
significant geographic variability, co-infections, and interactions with lifestyle factors influencing their oncogenic potential. Although
this study found that virus positivity rates were higher in the malignant stage (OSCC) than in OPMDs and that there is a high
prevalence of viruses in OPMDs, further research is needed to clarify the direct causality of virus-induced malignant transformation in
OPMDs.

Plain Language Summary: Some conditions in the mouth are more likely to become cancerous. These conditions are called Oral
Potentially Malignant Disorders (OPMDs). Most cases of mouth cancer are of a serious type called oral squamous cell carcinoma
(OSCC), which carries a high risk of death. Recent studies suggest that certain viruses, such as human papillomavirus (HPV) and
Epstein-Barr virus (EBV), may increase the risk of OPMDs developing into cancer. This study looks at whether these viruses might
cause OPMDs, make them more likely to turn into cancer, or both.
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Introduction

Oral cancer is the eighth most common cause of cancer-related death worldwide.' There is a significant death rate from
oral cancer and significant morbidity rate, making it a global health challenge, especially in developing countries.*”
A survival rate of approximately 50% underscores the urgent need to improve strategies for prevention, early detection
and treatment.** Oral Squamous Cell Carcinoma (OSCC) has a prevalence of 90% of all oral cancer cases.® A peculiar
kind of cancer, OSCC, develops in the tissues of the oral mucosa and widely acknowledged as one of the most prevalent
cancers in the world.” This high prevalence highlights the critical need for focused research and interventions aimed at
mitigating the burden of OSCC, which significantly impacts patient outcomes and healthcare systems. Currently, the
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main therapeutic benefit of OSCC is surgical removal of the tumour, with total resection being the main goal. With poor
Positive resection margin success rates range from 30 to 40%, while local recurrence rates range from 25 to 50%, total
resection is still challenging.” These challenges underscore the importance of developing complementary strategies, such
as early detection and targeted prevention, to enhance patient prognosis. These features make OSCC a significant threat
to both life and quality of life for affected individuals.® Oral Potentially Malignant Disorders (OPMDs) are defined as
a group of oral mucosal lesions with an increased risk of malignant transformation.” A significant portion of OSCC cases
originates from OPMDs.'® OPMDs lesions make for 17-35% of all new occurrences of oral cancer, and between 0.7 and
2.9% of them develop into malignant transformation each year.'' OPMDs encompass a variety of diseases, which present
with a multitude of clinical manifestations, histologic subtypes, risk factors and etiologies, and which are classified into
a diverse array of entities.” The overall prevalence of OPMDs worldwide is currently 4.47%, and men are more
commonly affected.'? Leukoplakia, erythroplakia, oral lichen planus (OLP), and oral submucous fibrosis (OSMF) are
some of the most common types of OPMDs. Research shows leukoplakia has a recorded global incidence of 2-4%.'> The
global prevalence of leukoplakia is estimated to be 4.11%, with the highest incidence in Asian populations (7.77%)."*
The rate of malignant transformation of leukoplakia is reported to be 20% and 9.5%. Malignant transformation rates vary
across studies due to differing criteria, follow-up periods, and geographic regions. Leukoplakia lesions are most
commonly seen in middle-aged and older men. The rate of dysplastic or malignant change in leukoplakia has been
reported to be between 15.6-39.2%. Leukoplakia typically manifests approximately five years prior to the onset of
OSCC.'"*'> OLP and OSMF can also develop into oral cancer, with a global prevalence of 1.01%, 4.47%.'® Another
OPMDs lesion is erythroplakia with a prevalence between 0.02-0.83%, but a higher MT probability, of 14-50%.'” These
statistics emphasize the heterogeneity of OPMDs and the need for targeted approaches to identify high-risk lesions for
timely intervention.

Risk factors in OPMDs cases are related to lifestyle patterns, such as tobacco use, whether smoking, chewing tobacco,
or smokeless tobacco, alcohol abuse, betel nut chewing and many hypothesise that viral infections such as human
papillomavirus (HPV) and Epstein-Barr virus (EBV) may also play a role in OPMDs.”'®!? According to a study by de la
Cour et al the prevalence of HPV in OPMDs was 22.5%, with HPV-16 as the most common genotype.*’ HPV virus
infection is related to the era of globalisation which causes changes in lifestyle and sexual behaviour patterns that are
prone to spreading various kinds of viral infections, as discussed in a study by Itarat et al regarding sexual behaviour is
linked to a higher chance of contracting HPV 16/18.>' The chance of contracting HPV 16 is increased by early sexual
contact, while the risk of contracting HPV 18 is increased by having several sexual partners. Research conducted by
Pierangeli et al found 52/116 samples (44.8%) were positive for one of the HPV genotypes they tested.'® Then a research
study conducted by Mahalingam et al which states the involvement of EBV viruses that are closely related in OPMDs
cases.'” However, this is still a matter of debate because there are also journals that state that the potential implications of
viruses such as HPV and EBV in OPMDs manifestations such as leukoplakia is still unclear.?* This conflicting evidence
necessitates further investigation into the exact role of viral infections in OPMDs, particularly in populations with high-
risk lifestyle patterns.

OPMDs can progress to OSCC through a process called malignant transformation.>> Malignant transformation (MT)
is the term given to the process by which normal, metaplastic, or benign neoplastic tissue transforms into cancerous
tissue. This process usually occurs in a series of steps, and the affected tissue gradually accumulates genetic mutations
that express a malignancy phenotype.” Among the OPMDs lesions identified with a high risk of MT, four types stand out
including leukoplakia, erythroplakia, oral lichen planus (OLP), and oral submucous fibrosis (OSMF). These are the most
common and frequently discussed lesions due to their elevated potential for progression to malignancy.>**> Chronic
inflammation plays a part in the slow and intricate process of genetic mutation accumulation that leads to the malignant
transformation of OPMDs.**?” Similar to OPMDs, MT is associated with risk factors related to lifestyle choices such
alcoholism, tobacco use, and viral infections. OPMDs that has gone through MT can end up becoming malignant such as
OSCC which can result in increased mortality, increased organ dysfunction so that patients cannot perform normal
activities, which will greatly affect the quality of life of the patients.” Therefore, early diagnosis and appropriate
treatment are very important to prevent the development of oral cancer. Integrating comprehensive education on risk
factors, including viral infections, into public health strategies is pivotal for mitigating the progression of OPMDs to
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malignancy. However, most cases of oral cancer, especially OSCC, are diagnosed at an advanced stage, emphasising the
need for early diagnosis and timely treatment is paramount in treating patients and preventing oral cancer at an early
stage, through evaluation and management of OPMDs, as well as massive education on risk factors, especially viral
infections and understanding of the mechanisms involved in the malignancy of the disease.”

To gain a deeper insight into the role of viral infections in oral potentially malignant disorders (OPMDs) and their
malignant transformation, as well as to elucidate other viruses implicated and facilitate the prevention of oral cancer, further
research on viral infections in OPMDs from a range of study sources is imperative. Consequently, the objective of this
scoping review was to identify the viruses, in addition to HPV and EBYV, that are associated with OPMDs and to ascertain
whether these viruses are accountable for the aetiology of OPMDs, their malignant transformation (MT), or both.

Methods

Protocol

The research procedure was carried out using the Joanna Briggs Institute (JBI) scoping review protocol guidelines.*® This
research was conducted using a framework of Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR).*’

Sample Criteria and Study Selection

Studies were included with the following criteria, namely: 1) Articles that included research related to OPMDs diseases
associated with viral infections; 2) Cross-sectional, cohort, case control, and pilot studies; 3) Articles written or available
in English; 4) Published and accessible full-text articles; 5) Articles published in the last 10 years (2014-2023). The
eligibility study conformed to the exclusion criteria, namely: 1) Articles in the form of case study, case series, case
report; 2) Review articles.

Search Strategy
The Snowballing approach, Boolean operators, and manual searching were used to search the literature. Searching for
scientific articles on PubMed and EBSCOhost database search engines using keywords

((OPMD) OR (OPMDs) OR (oral premalignant disorders) OR (oral potentially malignant disorder) OR (leukoplakia) OR
(erythroplakia) OR (oral lichen planus) OR (OLP) OR (oral submucous fibrosis) OR (OSF) OR (OSMF)) AND ((virus) OR
(virus infection) OR (HPV) OR (Human Papillomavirus) OR (EBV) OR (Epstein-Barr Virus) OR (HSV) OR Herpes Simplex
Virus)).

Data Extraction

Data extraction was conducted in order to provide a summary of the characteristics of the included studies. Data
extraction was carried out by retrieving data from each literature including author’s name, title, year of publication, type
of study design, study objectives, sample, methods, results, and conclusions Tables 1-2.

Results

Literature Search and Papers Selection

A literature search using PubMed and EBSCOhost databases and other sources identified the total number of 590 studies.
The first screening was done by checking for duplicates from all database search engines, resulting in a total of 549
studies. The second screening was done by reading the titles and abstracts of articles and then selecting those that were
not relevant, resulting in data for 87 studies. Following the third screening, the article’s content was read through in its
entirety to assess its fit with the study topic, the remaining 28 studies were included in the review (Figure 1). Table 1
shows the demographic characteristics of the article sample including the code number representing the journal of the
article, researcher’s name, year of publication, title, location, type of article design, sample and sex ratio (male:female),
age range, and virus detection method used in the study.
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Table | Article Characteristics

Article | Authors (Year) Title Country Design OPMDs Lesion Age Detection
Code reference number Study Method
| Syed et al Role of Physiotherapy in India Cohort OSMF Not mentioned FFPE
(2023)*° HPV Proven Cases of
Oral Submucous Fibrosis
2 Saber Amoli et al Prevalence of Co- Iran Cross- OoLpP =<50 - 270 RT-PCR
(2022)*' infection by Human sectional using Fresh
Papillomavirus, Epstein- study Tissue
Barr Virus and Merkel
Cell Polyomavirus in
Iranian Oral Cavity
Cancer and Pre-
malignant Lesions
3 Vijayan et al PCR-based Evaluation of India Cross- OoLpP Not mentioned PCR using
(2022)* Human Papillomavirus sectional Fresh
Genotypes in Oral study Frozen
Lichen Planus Tissue
4 Sivakumar et al Molecular and India Prospective Leukoplakia Not mentioned PCR HPV-
(2021)* Immunohistochemical longitudinal 16 DNA
Cognizance of HPV16 in study using FFPE
Oral Leukoplakia, Oral
Squamous Cell
Carcinoma and
Oropharyngeal
Squamous Cell
Carcinoma
5 Kaewmaneenuan High Prevalence of Thailand Cross- Leukoplakia, OLP | Not mentioned | qPCR using
et al (2021)* Human Papillomavirus sectional FFPE
Type 18 in Oral study
Potentially Malignant
Disorders in Thailand
6 Vella et al Prevalence of HPV in Italy Prospective oLpP 40-80 RT-PCR
(2021)* patients affected by oral longitudinal using Fresh
Lichen planus: study Tissue
A prospective study using
two different chair-side
sampling methods
7 Gopalakrishnan Epstein- Barr viral load in India Cross- Leukoplakia, Not mentioned RT-PCR
et al (2021)" exfoliated cells of oral sectional OSMF, using Fresh
squamous cell carcinoma study Erythroplakiakia, Frozen
and oral potentially Erythroleukoplakia Tissue
malignant disorders -
A cross-sectional study
8 Vella F Della et al | Detection of HPV in oral Italy Cohort Leukoplakia Not mentioned RT-PCR
(2020)% leukoplakia by brushing using Fresh
and biopsy: prospective Tissue
study in an Italian cohort
(Continued)
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Table | (Continued).
Article | Authors (Year) Title Country Design OPMDs Lesion Age Detection
Code reference number Study Method
9 Sundberg et al Combined Testing of pl6 Sweden Prospective Leukoplakia 28-82 (mean= RT-PCR
(2019)*7 Tumour-suppressor longitudinal 6l) using FFPE
Protein and Human multi-centre
Papillomavirus in Patients stud
With Oral Leukoplakia
and Oral Squamous Cell
Carcinoma
10 Mosmann et al Sexually transmitted Cordoba, Cross- OPMDs Not mentioned | PCR using
(2019)°® infections in oral cavity Argentina sectional (unspecified) Oral Swabs
lesions: Human study
papillomavirus,
Chlamydia trachomatis,
and Herpes simplex virus
Il Panneerselvam Detection of human South Pilot study OLP, Leukoplakia, | Not mentioned PCR using
et al (2019)*° papillomavirus 16 and 18 India OSF Oral Swabs
in patients with oral Fresh
squamous cell carcinoma Sample
and potentially malignant
oral disorders in South
Indian population: A pilot
study
12 Sameera et al Molecular Detection of India Cross- OLP 18-56 PCR using
(2019)%° Human Papillomavirus sectional FFPE
DNA in Oral Lichen study
Planus Patients.
13 Khajavi et al Hepatitis B Virus Iran Cross- OLP 51.60 = 12.03 ELISA
(2018)* Infection and Oral Lichen sectional Detecting
Planus: A Report from study HbsAg
Northeast of Iran From
Serum
14 Agarwal et al Screening of Human India Cross- Leukoplakia 20-80 PCR HPV-
(2018)* Papillomavirus-16 in Oral sectional DNA using
Leukoplakia patients in study FFPE
Davangere, Karnataka
population
15 Hallikeri et al P53 polymorphism and India Cross- Oral Submucous Below 40= 24 PCR using
(2018)* association of human sectional Fibrosis (OSMF) Older than 40= FFPE
papillomavirus in oral study 6
submucous fibrosis and
oral squamous cell
carcinoma: A case—
control study
(Continued)
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Table 1 (Continued).

Article | Authors (Year) Title Country Design OPMDs Lesion Age Detection
Code reference number Study Method
16 Reddy et al Expression of Epstein— India Cross- Leukoplakia, OLP, 23-76 IHC-EBV-
(2017)* Barr virus among oral sectional OSMF detection
potentially malignant study using FFPE
disorders and oral
squamous cell
carcinomas in the South
Indian tobacco-chewing
population
17 Ferreira et al Plasma HPV DNA is Brazil Case-control Leukoplakia 26—69 Npcr using
(2017)* detectable in oral study Fresh
leukoplakia patients Frozen
Tissue
18 Ramya et al Expression of Human India Cross- Leukoplakia Mean Age= PCR using
(2017)* Papillomavirus DNA and sectional 29.7 (SD= 6.9) Fresh
p53 Polymorphisms study Frozen
through Polymerase Tissue
Chain Reaction in
Normal Mucosa and Oral
Leukoplakia Individuals
with Deleterious Oral
Habits
19 Bhargava et al Role of Human India Cross- Leukoplakia <20-60 RT- PCR
(2016)* Papillomavirus in oral sectional using Fresh
leukoplakia study Tissue
20 Chen et al Absence of high-risk HPV China Cross- Leukoplakia, OLP, 56.0 RT-PCR
(2016)* 16 and 18 in Chinese sectional Leukoplakia (18.2-85.0) using Fresh
patients with oral study +Erythroplakiakia, | years, mean age | Tissue and
squamous cell carcinoma Erythroplakiakia was 56.1 Serum
and oral potentially (18.2-85.0) for
malignant disorders women and
50.6
(18.9-74.1) for
men
21 Della Torre et al Comparison of the Austria Case-control Erythroplakiakia, Not mentioned HC2-HPV-
(2015)* prevalence of Human study Leukoplakia DNA-
Papillomavirus infection Testing
in histopathologically using Oral
confirmed premalignant Brush
oral lesions and healthy Smears
oral mucosa by brush
smear detection
22 Sahebjamiee et al Prevalence of human Iran Cohort OoLpP Mean age of 53 PCR using
(2015)* papillomavirus in oral + 12.5 years Fresh
lichen planus in an Iranian Frozen
cohort Tissue
(Continued)
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Table | (Continued).
Article | Authors (Year) Title Country Design OPMDs Lesion Age Detection
Code reference number Study Method
23 Radochova et al | The prevalence of human Czech Cross- OoLpP 33-77 PCR HPV-
(2015)%° papillomavirus in patients | Republic sectional DNA using
with oral lichen planus study Fresh
and normal oral mucosa Tissue
24 Saghravanian et al | Human Papillomavirus in Iran Retrospective OoLpP Not mentioned PCR using
(2015)*"' Oral Leukoplakia, case control FFPE
Verrucous Carcinoma,
Squamous Cell
Carcinoma, and Normal
Mucous Membrane
25 Montebugnoli pl6INK4 Expression is Italy Cross- OLP 28-8I RT-PCR
et al (2014)*? not associated with sectional using FFPE
human papillomavirus in study
oral lichen planus
26 Sikka et al Association of Human India Case-control Leukoplakia Not mentioned PCR Using
(20I4)53 Papillomavirus 16 study Fresh
Infection and p53 Frozen
Polymorphism among Tissue
Tobacco using Oral
Leukoplakia Patients:
A Clinicopathologic and
Genotypic Study
27 Bhosale et al Low prevalence of India Cross- Leukoplakia Not mentioned | Npcr Using
(2016)** transcriptionally active sectional FFPE
Human Papillomavirus in study
Indian patients with
HNSCC and leukoplakia
28 Tomo et al High p16INK4a Brazil Cross- Leukoplakia 25-82 years, PCR Using
(2020)>° immunoexpression is not sectional mean 58.7 Fresh
HPV dependent in oral study Tissue
leukoplakia

Abbreviations: EBV, Epstein-Barr Virus; FFPE, Formalin-Fixed Paraffin-Embedded; HbsAg, Hepatitis B Surface Antigen; HCV, Hepatitis C Virus; HC2, Hybrid Capture 2;
HPYV, Human Papillomavirus; IHC, Immunohistochemical; nPCR, Nested Polymerase Chain Reaction; OLP, Oral Lichen Planus; OPMDs, Oral Potentially Malignant Disorders;
OSMF, Oral Submucous Fibrosis; PCR, Polymerase Chain Reaction; RT-PCR, Real Time Polymerase Chain Reaction.

Characteristics of Studies

The study design variations in the articles used in this study vary. There were 17 cross-sectional studies;
44,46,47,50,52

three cohort study;

.30,36,49

three prospective longitudinal study

retrospective case control study;>' and one pilot study>’(Table 1).

.33,35,37

three case control study

19,22,31,32,34,38,40—

.45,48,53 one

There are several groups of OPMDs lesion types detected in this study, including OLP in 13 articles;>'*%343%:39~

b
41444749752 Jeykoplakia in 16 articles;'%-22-33-3436:3739.4244°48.53 0] submucous fibrosis (OSMF) in three articles;*%****

erythroplakia in three articles;'>*”*** OPMDs-non specified in one article®®(Table 1).
The sample articles used in this study were conducted in different countries, 13 articles (42.86%) were conducted in
India;!9:2230:32:33.39.40.42-44.46.53.54 g1 articles were conducted in Iran;*'*'#%! three articles were conducted in

.35,36,52

Italy; one article were conducted in Thailand;** one article were conducted in China;*’ two article were conducted
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Table 2 Data Extraction Table

Article | OPMDs Sample Virus %Virus Factor Risk OPMD:s Sites (+) Virus Involvement in

Code (Ratio M:F) Detected +) OPMDs Or MT
Mentioned

| 100 OSMF HPV 80% Not mentioned Not mentioned Viruses, particularly HPV,

may potentially contribute
to the beginning or
progression of cancer in
these lesions. The possible
involvement of HPV in
possibly cancerous oral
lesions is currently little
understood. It is unclear if
whether HPV causes
epithelial cells to undergo
alterations that cause them
to differentiate into
neoplastic cells capable of
producing keratin or just
because this particular
virus has a preference for
keratinized cells.

2 28 OLP HPV, EBV HPV Not mentioned Not mentioned A possible role for high
(10,70%), HPV types other than |16
HPV + and 18 in the pathogenesis
EBV of oral lesions and its
(10,70%) association with the

geographical area
(Northern Iran) may be
hypothesized, but further
epidemiological
investigations should be
done to prove this
hypothesis. In the current
study, HPV infection in
malignant lesions (27.3%)
was greater than non-
malignant cases In the
current study, EBY DNA
was found in 30.3% of

malignant
3 20 OLP (8:12) HPV 16 HPV-16 Not mentioned Buccal 6/12 (50% (+)), The findings of our study
and !8 (10%), Labial 2/8 (25%(+)) confirm the presence of
HPV-18 HPV in OLP lesions, as
(30%) determined by PCR-

coupled HPV gene
sequencing, as well as its
likely mechanism of

malignant transformation.

(Continued)
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Table 2 (Continued).

Article | OPMDs Sample Virus %Virus Factor Risk OPMD:s Sites (+) Virus Involvement in
Code (Ratio M:F) Detected () OPMDs Or MT
Mentioned
4 25 Leukoplakia HPV 16 20% Tobacco 100% ((Hookah + Not mentioned Not mentioned
(25:0) Tobacco smoking (19
(76%) + (Tobacco +
alcohol (6 (24%)).Alcohol
54.90%
5 101 Leukoplakia HPV 16 HPV-16/ Not mentioned Not mentioned Not mentioned
(53:48), 59 OLP and 18 HPV-18
(13:46) (19,40%)
6 52 OLP (21:31) HPV 17% 9,62% Tobacco (Thirty-one Not mentioned Not mentioned
declared not to smoke, five
were smokers (with an
average of 10 cig- arettes
a day) while the remaining
16 patients reported
having quit smoking for at
least ten years).
7 23 Leukoplakia, EBV 95,70% 100% Tobacco 22 buccal mucosa, | Not mentioned
OSMF, ((Leukoplakia (4/9 tongue
Erythroplakiakia, smoking, 6/9 tobacco
and chew), OSMF (1/6
Eritroleukoplakia smoking, 6/6 tobacco
chew), Erythroplakia (3/4
smoking, 4/4 tobacco
chew), Erythroleukoplakia
(4/4 smoking, 3/4 tobacco
chew)).\ Alcohol: 14/23
8 65 Leukoplakia HPV HR-HPV | 25% Tobacco (Smoking 14/ Not mentioned Not mentioned
(35:30) 16 and 53 65)
(3%), LR-
HPV
(14%)
9 74 Leukoplakia HPV 0% Not mentioned Tounge (+) 2/21, Buccal Not mentioned
(36:38) mucosa (+)3/15, Gingiva
(+)8/27, 5 Floor of the
mouth, 3 palate, 3 lip.
10 96 OPMDs HPV, HSV HPV Not mentioned Not mentioned Not mentioned
(Unspecified) (34,40%),
HSV (1%)

(Continued)

Cancer Management and Research 2025:17

https:

317



¢ Zahid et al

Table 2 (Continued).

Article
Code

OPMDs Sample

Virus

%Virus

Factor Risk

(Ratio M:F)

10 OLP, HPV

Detected

16

(+)

HPV-16/

OPMDs Sites (+) Virus Involvement in

OPMDs Or MT

Mentioned

Leukoplakia, OSF
(10:0)

and |

I5 OLP (8:7) HR-HPV

8 HPV-18
(55%)

HR-HPV

Tobacco 90% (30%
smoking, 50% chewing,
10% both, 10%non-
tobacco) Alcohol: 40%

Not mentioned HPV 16 was seen in 70% of

OSCC cases and HPV 18
was seen in 50% of OSCC.
In PMOD group, the
prevalence of HPV 16 and
I8 was 50% and 60%. This
affirms the prevalence of

HPV in the South Indian
population and the
probability that it could
play a role in

carcinogenesis.

134 OLP (41:93)

HBV

16 and 18

-18

6,70%

(86,60%)

Not mentioned

Buccal mucosa (+) 9/10, | Presence of HPV type 18

Labial Mucosa (+) 4/6, which could be associated

Tounge 0/1 with the pathogenesis of

OLP and may also help in
understanding the
malignant potential of OLP.
The current study also
provided an insight into the
critical differences between
HPV infection and HPV
presence as there was
presence of HPV in the
absence of any clinical
findings that would
correlate to it, thus
indicating that OLP should

be suspected with the
presence of HPV in the
absence of clinical

correlation.

15 Leukoplakia

HPV 16

Smoking 3 (2,24%) Alcohol
2 (1,49%)

Not mentioned There was a relationship

between HBV and OLP in
our population but MT not

mentioned

(12:3)

33,30%

+Smoking Tobacco 3/15

93,3% ((Smokeless
Tobacco 9/15 (60%) +
(Smoking Tobacco 2/15
(13,3%) + (Smokeless

(20%)

9 buccal mucosa, 4
lateral border of the

tongue, 2 floor of the

HPV-16 may play an
additional role or as
a cofactor in
mouth etiopathogenesis of
leukoplakia. However, the
role of HPV in malignant
transformation of
leukoplakia still remains to

be verified and remains

contradictory
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Table 2 (Continued).

Article

Code

OPMDs Sample
(Ratio M:F)

Virus

%Virus
Detected *)

Factor Risk

OPMDs Sites (+)

Virus Involvement in
OPMDs Or MT

Mentioned

30 OSMF (30:0) | HPV,

25 Leukoplakia, EBV

HPV
and

HR-
16
18

33,30% Tobacco Habit: 100%

Not mentioned

OSF and OSCC were
associated homologous
genes in the presence of
HPV. Frequency of
homozygous genotype is at
high risk in the presence of
HPV 16 and 18 in
developing OSCC

OLP, Submucous
Fibrosis (15:10)

32 Leukoplakia HPV

8%

Not mentioned

Not mentioned

Not mentioned

@1:11)

15 Leukoplakia HPV

68,90%

Smoking: 90.63% Alcohol:
50%

Not mentioned

HPV does not play a role in
the progression of
malignancy in oral lesions,
however the overall
prevalence in oral
leukoplakias was higher
than it was in the con- trol
group, suggesting an
important association
between HPV oral

carcinogenesis

(12:3)

20%

Tobacco 100% (Smoking: 9,

smokeless: 6)

9 bukal, 3 palatal, 3
others

HPV and p53

polymorphisms may be
considered as important
markers for suggesting the

malignant transformation

50 Leukoplakia
(31:19)

20 59 Leukoplakia,

HPV 16
and 18

HR-HPV

0%

Tobacco 100% ((Smoking
(36%), betel tobacco
chewing (80%), tobacco
chewing n smoking (54%))
Alcohol: 38%

All oral sites except
floor of mouth and
tongue (25 (50%)),

Floor of mouth and

tongue(25 (50%))

While in western studies,
HPV 16.18 has been
recognized as a significant
risk factor for cancerous
lesions, its role in Indian
population remains to be
verified, specifically in
premalignant oral lesions

such as leukoplakia

OLP, Leukoplakia
+Erythroplakiakia,

and

Erythroplakiakia

(30:29)

16 and 18

0%

Tobacco smoking 13 (22%)
Alcohol 13 (22%)

Not mentioned

We found that none of the
tissue and serum samples
of OSCCs and OPMDs
were positive for HPV16
E6 or 18 E6, using both
real-time PCR and DNA

sequencing
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Table 2 (Continued).

Article
Code

OPMDs Sample
(Ratio M:F)

Virus

%Virus

Detected )

Factor Risk

OPMDs Sites (+)

Virus Involvement in
OPMDs Or MT

Mentioned

21

118 (102
Leukoplakia, 16
Erythroplakiakia)

(63:55)

HPV

LR-HPV
(15%),
HR-HPV
(34%)

Tobacco 56% ((Mild
smoking (33/28%), Heavy
Smoking (33/28%))
Alcohol: 59%

Buccal mucosa (55

(46.6%)), Maxillary resp.
mandibular gingiva (48
(40.7%)), Other sites

(palate, tongue, mouth

floor (15 (12.7%))

A significant association
was found between high-
risk oral HPV infection and
the presence of oral
premalignant lesions,
Conclusions; Oral HPV
infections may play a role in
the pathogenesis of
premalignant oral lesions.
The findings of our study
confirm the presence of
HPV in OLP lesions, as
determined by PCR-
coupled HPV gene
sequencing, as well as its
likely mechanism of

malignant transformation

22

40 OLP (8:32)

HPV, HR-
HPV 16
and 18

HPV
(27.5%),
HPV-16
(12,5%),
HPV-18
(7,5%)

Not mentioned

Not mentioned

Dysplastic OLP lesions had
a higher HPV prevalence
than nondysplastic OLP

lesions and that HPV-16 is

more frequently present in
dysplastic OLP lesions.

Further studies are clearly

needed to assess the
potential role of HPV and

specifically HPV-16, in
dysplastic OLP lesions in

the Iranian population.

23

45 OLP (12:33)

HPV

53,30%

Not mentioned

Not mentioned

From this point of view it
seems unlikely that HPV
plays any major role in the
pathogenesis of OLP. It is
possible that the presence
of HPV carries higher risk
of developing oral lesions,
however, direct connection

to OLP remains to be

elucidated.

24

19 OLP (14:5)

HPV

0%

Not mentioned

Not mentioned

Not mentioned

25

35 OLP (11:24)

HPV 4, 6,
4+24

HPV 4, 6,
4+24

(11,43%)

Not mentioned

Not mentioned

Not mentioned

(Continued)
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Table 2 (Continued).

Article | OPMDs Sample Virus %Virus Factor Risk OPMD:s Sites (+) Virus Involvement in
Code (Ratio M:F) Detected () OPMDs Or MT
Mentioned
26 87 Leukoplakia HPV 43% Tobacco 100% (Smoking 54 Not mentioned The rate of HPV |6
(59%), smokeless 9 (10%), infection was found
mixed smoking+smokeless significantly high in the oral
28 (31%)) Alcohol: 0% leukoplakia patients. + Oral

leukoplakia, a well-known
pre-cancerous lesion, has
been shown to be
associated with tobacco,
but certain other factors
like HPV infection and p53
polymorphism may play an
important role in its

development.

27 121 Leukoplakia HPV 0% Tobacco 100% (Hookah + Not mentioned No evidence of HPV
(Not specified Tobacco smoking = 76% + involvement in leukoplakia
Tobacco + Alcohol = 24%) lesions, despite pl6 over-
expression.
28 50 Leukoplakia HPV 0% Tobacco 100% + Alcohol Not mentioned HPV was not detected in
@31:19) (54.9% (Light drinkers = OL cases, even in those
48.1%, Moderate drinkers with high pl6INK4a
= 40.7%, Heavy drinkers = expression.
11.1%)

Abbreviations: +, Positive; EBV, Epstein-Barr Virus; HBV, Hepatitis B Virus; HPV, Human Papillomavirus; HR-HPV, High-Risk Human Papillomavirus; LR-HPV, Low-Risk
Human Papillomavirus; M:F, Male:Female; MT, Malignant Transformation; OLP, Oral Lichen Planus; OSMF, Oral Submucous Fibrosis; OSCC, Oral Squamous Cell Carcinoma;
PCR, Polymerase Chain Reaction;

in Brazil;** one article were conducted in Austria;*® one article were conducted in Czech Republic;5 9 one article were
conducted in Sweden;*” and one article were conducted in Cordoba, Argentina**(Table 1).

There were variations in virus detection methods in the articles used in the study. There were 13 articles using PCR
method;?>33-38 4042:43.46.49°51.3355 oioht articles using RT-PCR method;'***3!253747:32 one article using qPCR
method;** two article with nPCR method;*>>* one article using HC2-HPV-DNA-Testing method;*® one article using
Biopsy-Paraffin-Embedded-Tissue Biopsy method;*° one article with IHC-EBV-detection method;** while one other
article did not mention the detection method**(Table 1).

Study Results
A total of twenty-eight articles met the inclusion criteria that discussed viral infections in OPMDs. The types of viruses
detected in OPMDs cases vary widely around the world where in this scoping review study positive viruses were
detected in a variety of OPMDs cases including leukoplakia, erythroplakia, OLP, and OSMF. Viruses were detected
positively in 22 of the 28 journals studied, making the prevalence of viruses associated with OPMDs cases in this article
78.57%. The viruses detected in this study, including human papillomavirus or HPV ranged from 0% to 86.6% (mean
24.65%), Epstein-Barr virus ranged from 8% to 95.7% (mean 38.13%), hepatitis B virus (HBV) by 6.71% and HSV by
1%.(Table 1) When calculating the percentage of viruses detected positively from each type of virus, the prevalence of
HPV was 79.2%, EBV by 12.5%, HSV by 4.2%, and HBV by 4.2%(Figure 2).

In this study, there were several groupings based on viral involvement in OPMDs, namely possible involvement in 5
articles, which indicates the possibility of HPV involvement in OPMDs lesions, but further study is needed or there are
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explanations that indicate doubt about the role of HPV in the condition.?**!4¢4730 Fyrthermore, there are articles that
have confirmed viral involvement in OPMDs, namely 9 articles stating that HPV is confirmed being a part of the

30.32,39.40.42.43.48.49.53 Geveral articles also mentioned prevalence,

pathophysiology of OPMDs lesions and oral cancer.
types of HPV involved, and association with malignant transformation, the article that stated the virus was not involved
was article 17, which stated that there was no evidence to suggest a role for HPV in the development of malignancy in
oral lesions, although the overall prevalence in OPMDs lesions such as leukoplakia surpassing that of the control
group.*(Table 2) Factors associated with risk include tobacco chewing, smoking, and alcohol consumption allow for
malignant transformation of OPMDs. Many articles in the sample in this study stated the possibility of the virus being
involved in OPMDs and/or MT. However, one journal in the sample, sample number 17 by Ferreira et al did not establish
HPV’s role in MT due to limited follow-up data. Instead, their study highlights blood plasma and saliva as reliable
sources for HPV detection and encourages further research into HPV’s influence on MT.**(Table 2) Next is the group that
discusses HPV involvement in MT, namely in sample number 18, the article mentions the role of HPV and p53
polymorphisms as important markers to indicate malignant transformation in oral lesions.*® The next group was those
who stated that HPV was not involved with OPMDs and its MT, namely samples on the article number 20 and 23, both
samples stated that HPV did not play a role in OPMDs MT, or there was no positive evidence indicating the presence of
HPV in the samples tested.*’>° The last group was those requiring further epidemiological investigation, sample 19,
stating the need for further investigation, especially in the Indian population, to ascertain the role of HPV, especially in
OPMDs lesions such as leukoplakia®*(Table 2).

According to the results of the three articles used in this study, OSCC had a greater prevalence of viral infection than
OPMDs, the percentage positive rate of virus detected in OSCC was much higher than OPMDs>"**-"(Figure 3).

Discussion

The association of the role of viral infection in OPMDs is still controversial, most of these research articles found HR-HPV
and viral DNA in OPMDs, but on the other hand HPV is also widely reported to be detected in healthy oral mucosa. In this
study, there was a viral positive prevalence of 78.57% from a total of 26 journal articles examining OPMDs including
leukoplakia, erythroplakia, OLP, and OSMF in relation to viral infections including HPV, EBV, HSV and HBV.(Table 2)
The HPV prevalence of 79.2% (Figure 2) found in the results of this study is in line with a previous study conducted by
Pierangeli et al who found 44.8% of their OPMDs samples were positive for one of the HPV viral genotypes they tested.'®
The ability of HPV to initiate malignant transformation is largely attributed to its E6 and E7 oncoproteins, which disrupt
p53 and Rb tumor suppressor pathways.’® This suggests that HPV could have a significant role in the progression of
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OPMDs. Where in the research of Pierangeli et al found a high positivity rate of HPV in OLP lesions, namely 75%, which
is similar to the findings in this study where there are 3 journal articles that also state the high positivity rate of HPV in OLP
cases in articles 2, 12, and 23, namely 25%, 86.5%, and 53.3% by Saber Amoli et al, 2022; Sameera et al, 2019; Radochova
et al, 2015. In addition, the study by Pierangeli et al also found a high positivity rate of HPV in leukoplakia of 33.3%, which
is similar to the findings in this study where there is one article (Agarwal et al, 2018) which also detected HPV in
leukoplakia and the results were the same at 33.3% as well. A study by Gilligan et al (2023) reported a low frequency of
positive HPV infection in their study, where only 15.15% were detected positive for HPV virus infection in their
leukoplakia samples. This is in contrast to the overall results of this study, which found a viral positive prevalence of
78.57%.7 Study by Gilligan et al, however, is consistent with a number of this study’s papers that discovered low
percentages of positive HPV virus detection in their leukoplakia samples, specifically articles 4, 5, 8, 9, 18, and 19.
(Table 2) Interestingly, two articles utilized in this study, Tomo et al (2020) and Bhosale et al (2016), provide valuable
insights into oral leukoplakia and its relationship with HPV. Notably, both studies reported 0% detection of HPV in their
research. Furthermore, article 28 by Tomo et al highlighted that immunohistochemical overexpression of pl16 is frequently
observed in HPV-negative oral leukoplakia, suggesting the involvement of alternative mechanisms driving p16 expression
and lesion pathogenesis in the absence of the virus. This underscores the importance of considering non-viral factors in the
oncogenesis of oral lesions, broadening the understanding of variability in HPV detection rates. Article 27 by Bhosale et al
emphasized that the mere presence of HPV DNA does not confirm its biological activity in head and neck squamous cell
carcinoma (HNSCC) or leukoplakia. They stressed the necessity of evaluating transcriptional activity, particularly E6/E7
mRNA, to establish the virus’s active role in pathogenesis. Without such confirmation, HPV’s contribution to tumorigenesis
remains ambiguous. These findings collectively highlight the complexity of linking HPV detection to disease progression
and reinforce the critical need to assess transcriptional activity, not just DNA presence, to better understand HPV’s role in
oral potentially malignant disorders (OPMD). Both studies also advocate for broader epidemiological investigations to
address geographic and methodological variability in HPV detection.

Furthermore, in article 2 of this study found EBV, resulting in an EBV prevalence of 12.5%. (Figure 2) Article 2 shows
a greater prevalence in the malignant group compared to non-malignant. EBV is thought to contribute to oncogenesis by
expressing latent membrane proteins (LMP1 and LMP2), which activate oncogenic pathways and inhibit apoptosis.”® This
lends credence to the idea that EBV can contribute indirectly to the development of oral lesions. A similar percentage
difference was also discovered in a study carried out by Shariati et al, who in their study found EBV infection in their OLP
group samples showing a significantly higher percentage of positive viruses compared to their control group samples.*® In
the study of Shariati et al also stated that in fact, the results of their study explained that EBV might be involved in the
pathogenesis of OLP because in the study the EBV virus was detected positively in OLP cases as much as 15.8% while in
the control subjects 0%. However, in this study there are also 2 articles that contradict the research of Shariati et al where in
2 articles of this study, namely articles 13 and 16 (Table 2), the level of virus positivity in OLP is very low, namely 6.7%
and 8% only, which raises doubts from researchers whether EBV may not be involved in OLP cases.

Other viruses besides HPV and EBV found in this study were HSV in one sample where HSV was found positive in
OPMDs in sample article 10 (Table 2), resulting in a prevalence of HSV positivity of 4.2% in this study.(Figure 2) HSV
is known to establish latent infections, which can reactivate under immunosuppressive conditions. This reactivation
might exacerbate pre-existing lesions in OPMDs.®® This is supported by the research of Jalouli et al (2015) who found
HSV-1 positivity in 36% of their leukoplakia samples.®’ However, the study concluded that there was no specific
correlation between HSV-1 and the development of OSCC or malignant transformation in OPMDs. This is because there
is a high incidence of HSV-1, both in healthy oral mucosa, as well as in OPMDs leukoplakia, and OSCC tissue.
Furthermore, another type of virus that is rarely discussed and studied, but associated with OPMDs cases is hepatitis-B
virus (HBV), with a prevalence of HBV in this study of 4.2%.(Figure 2) Article 13 (Table 2), found a percentage of HBV
virus infection in their OLP samples of 6.71%. HBV-related chronic liver disease is hypothesized to induce systemic
immunosuppression, increasing susceptibility to oral lesions such as OPMDs. This supports the notion that HBV may
influence OPMDs development indirectly through systemic effects on host immunity.®> Although the percentage is small,
the article concluded that the risk of OLP in individuals with a background of chronic liver disease is two to five times
higher than in normal individuals. The reason for this is that individuals with chronic liver disease are likely to be caused
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by HBV. However, the results in article 13 contradict with Nosratzahi et al (2018), the study concluded that there is no
association between OLP and hepatitis B virus.®?

Viruses detected in this study include HPV, EBV, HBV and HSV. Several journals included in this study confirmed or
suggested that viruses may be associated with the aetiology of OPMDs and may also be involved in malignant
transformation. High-risk HPV (HR-HPV) is known to have a strong potential to induce malignant transformation in
mucosal epithelial cells.>* This study shown in articles 2, 4, and 6 (Table 2), there was a significant difference in the
positivity rate of detected viruses between OPMDs and OSCC.(Figure 3) In this study, the virus positivity rate in OSCC
was much higher than that in OPMDs. This suggests that the virus has a potential role in malignant transformation (MT)
in OPMDs. The mechanism by which viruses may contribute to carcinogenesis, as identified by Parada et al, involves
promoting the activation of proto-oncogenes or inhibiting tumor suppressor genes such as p53 and Rb, leading to
uncontrolled cell proliferation and increased survival of malignant cells.®* However, further studies are needed to
elucidate the direct causal relationship between the virus and the induction of malignant transformation in OPMDs.
Another hypothesis obtained from this study (Figure 3) is that the virus infects more cells after carcinogenesis (already at
the OSCC stage). This hypothesis is aligned with the research conducted by Budhy (2018), which revealed that viruses,
particularly EBV, play an important role in the carcinogenesis of OSCC. These findings suggest that viral infections
could intensify after carcinogenesis, indicating their potential role in the progression of OPMDs to malignancy.®” It is
crucial to comprehend the part played by viral infections in the development of oral potentially malignant disorders
OPMDs into OSCC in order to developing targeted interventions in order to detect, prevent and treat oral cancer early.
However, viral infections are not the only contributors to OPMDs development. Lifestyle factors, particularly the high
prevalence of tobacco use, also play a significant role.

To ensure the validity of our findings, potential confounding factors were identified, including alcohol consumption
and usage of tobacco. These factors are well-established as independent risk factors for oral OPMDs and OSCC and
could influence the relationship between the detected virus and the disease outcome. Detailed information regarding
lifestyle habits (smoking frequency, and type of tobacco used) was obtained. This study shows the high percentage of
OPMDs cases in the country, which is due to the habitual usage of tobacco products, such as cigarettes, tobacco chewing,
gutka, and other forms of smokeless tobacco. Tobacco carcinogens, such as nitrosamines, cause DNA damage and
epigenetic alterations in oral mucosa, promoting the development of OPMDs. The role of tobacco in OPMDs is
particularly significant, as it facilitates genetic mutations that predispose cells to malignant transformation."*® Of the
12 articles from India used in this study, nine recorded the percentage of tobacco use.(Figure 4) In their sample of
articles, all nine articles found high tobacco use in the form of smoking, chewing, hookah, gutka, and other forms of
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Figure 4 Comparison of tobacco and alcohol risk factors in percent (%).
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smokeless tobacco with 100% in seven articles and around 90% in two articles. The explanation in these articles
regarding the form of tobacco use, of the 12 articles there are 6 articles that mention the form of tobacco use, namely
cigarette tobacco (smoking) and smokeless (chewing), 4 articles (7, 11, 14, 19) of the 6 articles mention that the form of
use of chewing tobacco (betel nut) is more than smoking. (Figure 4) The finding of a high prevalence of tobacco use in
OPMDs cases in India in this study is in line with the study of Singh et al who found 45% tobacco use from a total of
1280 OPMDs and oral cancer samples that they studied.®’ In the study of Singh et al also stated that tobacco use both in
the form of smoking and chewing is a significant risk factor associated with OPMDs, especially leukoplakia and OSMF.
The high use of tobacco in OPMDs patients, especially leukoplakia in India, has also been studied by Venkat et al
comparable to this study’s findings, in the Venkat et al study found the percentage of tobacco use in leukoplakia patients
by 80%.°® The overall tobacco risk factor in this study was shown in 16 of the 28 articles used. (Figure 4) Of the 16
articles, the average tobacco use was 74.30%, indicating that tobacco use is significant for the occurrence of OPMDs.
This is also supported by the research of Kusiak et al who examined the relationship between tobacco use and OPMDs,
namely leukoplakia, he found tobacco use in his study of > 80%.° Interestingly, the highest prevalence of smoking in the
Kusiak et al study was found in the youngest age group, namely 21-40 years with a smoking prevalence of 86.8%, with
a predominance of female gender.

Furthermore, there were 11 articles in this study that examined alcohol use in their studies, 10 of the 11 articles found
alcohol use in the OPMDs patients they studied, resulting in an alcohol positivity of 90.91%. (Figure 4) Alcohol
contributes to OPMDs by increasing the permeability of the oral epithelium to carcinogens and generating reactive
oxygen species (ROS) that damage cellular DNA. This dual effect of alcohol enhances the carcinogenic potential of co-
factors such as tobacco in OPMDs progression.’® In line with the results of this study, the results of Worakhajit et al also
found an association between alcohol consumption and the incidence of OPMDs.”"' The study examined a sample with
alcohol consumption habits in individuals with OPMDs, including hard liquor and combined with beer consumption.

The sex ratio in the articles of this study had different variations, most of them showed more male OPMDs lesions
than female with a ratio of 14:8.(Table 2) In line with this study, Kumar et al found that male sex was more dominant in
their study.”? Of the 375 cases of OPMDs that Kumar et al studied there were 247 (65.87%) male patients and 128
(34.13%) female patients. Another study by Singh et al also found results that support this study, the Singh et al study
concluded that men have a higher association with OPMDs, especially leukoplakia, with a 12.8% higher prevalence
difference than women.®’

There were 13 articles (40.6%) out of a total of 28 articles studied using the PCR detection method, PCR was chosen
as a detection method due to its sensitivity and specificity in detecting viral DNA sequences.(Table 2) In article number
14 mentioned PCR was used because it has sensitivity in detecting genetic material even in very small amounts. Article
10 mentions PCR has good specificity in selectively amplifying target DNA sequences. This is in line with the research
of Benevolo et al which states that PCR has good specificity and sensitivity in detecting viruses.”> On the other hand,
article 16 mentions that viral genomes detected by PCR can give false results, because transcriptionally inactive viral
genomes can also be detected by PCR. Research by Healy et al also said PCR can produce false virus detection, so
several strategies are needed to minimise this.”* The solution to this problem according to Zhang et al is by using RT-
gqPCR and qPCR with internal amplification controls (IACs) can reduce false positives by minimizing the impact of PCR
inhibitors and ensuring results are accurate. The inclusion of IACs enhances assay robustness and minimizes the risk of
false positives.”

Detection of viral DNA and transcriptional activity highlights the intricate interplay of viruses such as human
papillomavirus (HPV), Epstein-Barr virus (EBV), and Merkel Cell Polyomavirus (MCPyV) in oral lesions and their
potential oncogenic roles. Iranian studies identified HPV DNA in approximately 27% of malignant lesions and slightly
less in non-malignant ones, often involving genotypes other than HPV-16 and 18.(article 2 and 18) Similarly, EBY DNA
was present in 30% of malignant lesions, and MCPyV DNA was found in comparable proportions across lesion types.
(article 2 and 16) Co-infections were observed in 21.1% of cases, with triple infections involving HPV, EBYV, and
MCPyV found in 20.8% of co-infected samples(article 2, 20, and 23).

Carcinogenesis is significantly influenced by HPV oncogenes E6 and E7 by inactivating tumor suppressors p53 and
pRb, promoting cell cycle dysregulation.(article 9, 13, and 25) EBV latency proteins, such as LMP1, contribute to
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immune evasion and cellular proliferation, while MCPyV LT-Ag targets similar pathways. However, MCPyV’s role in
oral lesions remains less established compared to its recognized involvement in Merkel cell carcinoma.(article 7, 2, and
25) Interestingly, pl6 overexpression has been linked to HPV-positive lesions, yet its presence in oral lichen planus
(OLP) often occurs independently of HPV infection, suggesting alternative pathways of oncogenesis(article 9 and 25).

The prevalence of viral DNA and the interplay between these viruses highlight significant geographic variations and
emphasize the complexity of oral lesion pathogenesis. Studies from regions like the Czech Republic reported 53% HPV
positivity in OLP, with significant variations compared to other populations.(article 23) Conversely, Italian studies noted
a limited association between pl6 overexpression and HPV in oral lesions, reinforcing the need for region-specific
diagnostic approaches.(article 25) Advanced molecular diagnostics, including RT-qPCR and qPCR, with internal amplifica-
tion controls, can enhance the accuracy of detecting viral contributions to malignant transformation(article 10, 2, and 25).

While PCR offers high sensitivity and specificity, improvements such as internal amplification controls in RT-qPCR and
gPCR are needed to increase detection accuracy and minimise false positives, thereby aiding in the identification of key
viral contributions to malignant transformation. A fascinating field of study with significant implications for oral cancer
prevention and management techniques is the intricate link between viral infections and possibly malignant abnormalities of
the mouth. To decrease the worldwide oral cancer burden and improve our understanding of viral aetiology in oral
carcinogenesis, collaborative initiatives including multidisciplinary research and clinical practice are crucial.

Major limitations of this review include the limited geographic representation, with a heavy focus on studies from
India, which reduces the generalizability of the findings, and the lack of data availability of articles discussing HSV and
HBYV in relation to OPMDs and OSCC, which limits understanding of their specific roles in OPMDs and OSCC.
Methodological variability, particularly in viral detection techniques such as PCR without consistent internal controls,
also undermines the reliability of comparisons between studies. The lack of quantitative meta-analysis and incomplete
assessment of cofactors such as tobacco and alcohol further limit the ability to evaluate synergistic effects contributing to
malignant transformation. Finally, inadequate investigation of molecular mechanisms and temporal associations weakens
the causal links between viral infections and malignant progression.

Conclusion

Given that 90% of oral cancers worldwide are attributable to OSCC, it is crucial to understand the role of viruses such as
HPV, EBV, HBV, and HSV, along with unhealthy risk factors like tobacco and alcohol, which may contribute to the
etiology and progression of lesions into OPMDs. Global data indicate that these viruses play varying roles in the etiology
of OPMDs, with significant geographic variability, co-infections, and interactions with lifestyle factors influencing their
oncogenic potential. Although this study found that virus positivity rates were higher in the malignant stage (OSCC) than
in OPMDs and that there is a high prevalence of viruses in OPMDs, further research is needed to clarify the direct
causality of virus-induced malignant transformation in OPMDs.

Recommendations

More studies need to be conducted using a longitudinal methodological approach with multidisciplinary evaluation to
correlate clinical conditions with virus detection to determine the clarity of the relationship between viral infection and
OPMDs conditions and their malignant transformation. The evaluation can be carried out by involving health workers
such as dentists, especially dentists specialising in oral disease science who are competent experts for the detection of
OPMDs and malignant lesions. Thus, researchers can gain a more comprehensive understanding of the role of viral
infections found in individuals with OPMDs conditions.
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