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ABSTRACT

Cancer remains a major global health burden, with nearly 20% of cases worldwide linked to infectious agents.
Human polyomaviruses (HPyVs) are increasingly recognized for their diverse clinical outcomes, ranging from
asymptomatic persistence to severe disease such as the case of Merkel cell polyomavirus (MCPyV) causing Merkel
cell carcinomas (MMC). In Saudi Arabia, where several cancers of uncertain etiology are rising, the epidemiology
and clinical relevance of HPyVs remain largely uknown. This review integrates global knowledge on HPyVs
and provides the first comprehensive overview of their presence, clinical impact, and research gaps in Saudi
Arabia. A narrative review was conducted using PubMed, Scopus, Web of Science, and Google Scholar through
January 2025. Search terms targeted all known HPyVs, associated diseases, and Saudi Arabia; reference lists
were screened for additional sources. Eleven peer-reviewed Saudi studies (2006-2025) reporting HPyV infections
or Merkel cell carcinoma were included. MCPyV is the only HPyV with confirmed oncogenicity, driving most
MCC. BKPyV and JCPyV are clinically important in transplant and immunosuppressed populations, though
their cancer roles remain unproven. In Saudi Arabia, available evidence is limited to small studies on BKPyV
and case reports of JCPyV related PML. No sero-epidemiologic surveys, viral sequencing, or tumor-based HPyV
screening exist, and importantly, no MCPyV testing has been performed in Saudi Merkel cell carcinoma cases.
HPyVs remain insufficiently investigated in Saudi Arabia despite their clinical relevance and potential oncogenic
roles. Population-level serology, molecular characterization, and systematic tumor screening, especially for
MCPyV in MCC are urgently needed to define their significance in the Saudi population.

Keywords: Human polyomaviruses; MCPyV; BKPyV; JCPyV; Saudi Arabia; Merkel cell carcinoma; viral

oncogenesis; epidemiology.

INTRODUCTION

Cancer remains a major global health challenge, with incidence
and mortality continuing to rise despite advances in prevention and
treatment’2. It is well established that cancer develops through a
combination of genetic, environmental, and lifestyle factors, infectious
agents are increasingly recognized as important contributors to
tumorigenesis'. According to the International Agency for Research
on Cancer (IARC), pathogens account for nearly 20% of all human
cancers, with established links to eight recognized human tumor viruses,
Helicobacter pylori, and oncogenic parasites®®. These infectious agents
contribute to malignant transformation through several mechanisms,
including chronic inflammation, immune modulation, disruption of
key cellular regulatory pathways, and in some cases integration of
viral genetic material into the host genome™®. The identification of
oncogenic viruses including Epstein-Barr virus (EBV), high-risk
human papillomaviruses (HPVs), hepatitis B and C viruses (HBV and
HCV), human T-lymphotropic virus type 1 (HTLV-1), Kaposi sarcoma
associated herpesvirus (KSHV/HHV-8), HIV-1, and, most recently,
Merkel cell polyomavirus (MCPyV) has high impact on the current
understanding of tumor biology®'2. These discoveries highlight the
need to explore additional human viruses that might be implicated in
tumorigenesis.

In Saudi Arabia, according to the latest Saudi Cancer Registry,
breast cancer remains the most frequently diagnosed malignancy
among women, with a notable tendency to present at younger ages
compared with Western populations'®. Colorectal cancer has become

the leading cancer among men, while thyroid cancer shows an
unusually high incidence particularly in young adult women. Non-
Hodgkin lymphomas, prostate cancer, and various skin cancers, are
also increasingly reported'®. The underlying causes of several of these
tumors remain incompletely understood. Given that infectious agents
account for approximately 20% of cancers worldwide and that virus-
associated cancers frequently demonstrate geographic and population-
specific variation, these epidemiologic patterns raise the possibility that
infectious cofactors may contribute to the Saudi cancer burden. The
established oncogenic role of Merkel cell polyomavirus underscores the
capacity of human polyomaviruses to drive malignancy under specific
host conditions, supporting the rationale for investigating HPyVs as
potential, yet underexplored, contributors to cancers especially the
rising incidence of breast, colorectal, thyroid malignancies in Saudi
Arabia.

Human polyomaviruses (HPyVs) have emerged as a group of viruses
that highly prevalent in human, establishing persistent infections
and demonstrating the ability to reactivate in immunosuppressed
conditions'*'*. The discovery of MCPyV in 2008 as the cause of 80%
of Merkel cell carcinomas (MCC) established the first direct evidence
of link between a polyomavirus and human cancer'>'¢!7,

This finding raised new questions about whether MCPyV and other
HPyVs may also contribute to malignancies under specific clinical
circumstances. Despite these global developments, research on HPyVs
in Saudi Arabia remains extremely limited. The lack of epidemiological
data, minimal molecular testing in tumors, and absence of serological
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studies make it difficult to determine whether HPyVs contribute to the
malignancies within the Saudi Arabia.

This review summarizes current global knowledge on HPyVs,
integrates all available evidence from Saudi Arabia, and identifies
critical research gaps and priorities. In addition, to highlights the urgent
need for HPyV focused investigations that may help clarify their role in
Saudi cancer epidemiology.

METHODS

This narrative review followed accepted methods for non-systematic
reviews. A comprehensive search was conducted in PubMed, Scopus,
Web of Science, and Google Scholar from database inception to
January 2025. Search terms included combinations of “human
polyomavirus,” “HPyV,” “BKPyV,” “JCPyV,” “MCPyV,” “HPyV6,”
“HPyV7,” “TSPyV,” “HPyV9,” “MWPyV,” “STLPyV,” “NJPyV,”
“Saudi Arabia,” “epidemiology,” “transplant,” “nephropathy,” “Merkel
cell carcinoma,” and “PML.” Reference lists of included articles were
additionally screened for relevant publications. In addition, this review
synthesizes findings from 11 peer-reviewed studies published between
2006 and 2025 that investigated HPyVs or Merkel cell carcinoma
within Saudi Arabia.

99 ¢

Overview of Human Polyomaviruses (HPyVs)

Polyomaviruses (PyVs) characterized by small, circular, double-
stranded DNA genomes of about 5000 base pairs (Figure 1 A)%181°,
The non-coding control region (NCCR) contains the viral origin of
replication and regulatory elements that control early and late gene
expression, playing a key role in viral replication and tissue specificity.
The early region encodes the large T antigen (LTAg), which is essential
for viral replication and cell-cycle regulation through interactions
with p53 and retinoblastoma (Rb) pathways. In MCPyV-positive
Merkel cell carcinoma, tumor-specific truncation of LTAg prevents
viral replication while retaining Rb-binding activity, providing a
mechanistic basis for MCPyV-driven cancer development'>??!. The
family of PyVs was first recognized with the discovery of murine
polyomavirus in 1953 and simian virus 40 (SV40) in 1960, both of
which demonstrated strong oncogenic potential in experimental animal
models?*?. Sixteen polyomaviruses have been isolated from human
specimens??’. However, only 12 have been recognized as HPyVs,
while the remaining four (HPyV12, LIPyV, QPyV, and HPyV16) have
not yet been classified as true HPyVs (Figure 1 B)!42831,
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BKPyV and JCPyV were the first confirmed human PyVs, both
isolated in 1971 from renal transplant and brain tissue specimens,
respectively*>*. BKPyV infects most human early in life and establishes
lifelong latency, especially within renal tubular epithelial cells and the
urothelial lining of the urinary tract**. Reactivation occurs frequently
under immunosuppression, particularly among kidney transplant
recipients, where it can lead to BKPyV-associated nephropathy3>¢.
JCPyV is a neurotropic polyomavirus that shares about 75% genomic
similarity with BKPyV. It is typically acquired in childhood, with
adult seroprevalence about 80%, and persists latent in renal tubular
and urothelial cells”. Although usually asymptomatic, reactivation in
immunocompromised individuals can lead to progressive multifocal
leukoencephalopathy (PML)*".

Two additional polyomaviruses Karolinska Institute polyomavirus
(KIPyV) and Washington University polyomavirus (WUPyV) were
identified in 2007 from nasopharyngeal samples of children with
respiratory illness but no clear association with human disease has
been established to date®**. In 2008, MCPyV was identified as a tumor
HPyV and was implicated as the causative agent of the development of
80% of MCC'216:17,

In 2010, three additional polyomaviruses HPyV6, HPyV7, and
trichodysplasia spinulosa—associated polyomavirus (TSPyV) were
identified, these viruses are common and acquired early in life*4!,
HPyV6 and HPyV7 were found in healthy skin and are generally
asymptomatic, though they can cause pruritic skin eruptions in
immunosuppressed individuals*#>. TSPyV was discovered in a
heart-transplant patient and is now known to cause trichodysplasia
spinulosa*!.

HPyV9 was identified in 2011 after being detected in serum and urine
from kidney-transplant recipients and in cutaneous swabs from both
healthy individuals and patients with Merkel cell carcinoma®. To date,
no clear association between HPyV9 and human disease has been
established. Two additional polyomaviruses, Malawi polyomavirus
(MWPyV) and St Louis polyomavirus (STLPyV) were identified in
2012, primarily from stool samples of healthy children using deep-
sequencing approaches*“., MWPyV has since been detected in a
variety of clinical samples, including respiratory secretions, tonsillar
tissues, and skin lesions, and was originally noted in a patient with
WHIM syndrome. STLPyV has likewise been identified in fecal
and tonsillar samples as well as in condyloma tissue*’. Despite their
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Figure 1. Genome organization and discovery timeline of human polyomaviruses. (A) Schematic genome map of a typical human polyomavirus
(~5 kb), showing the early region (LTAg, STAg), late region (VP1-VP3), and the non-coding control region (NCCR) containing the origin of
replication. (B) Timeline of HPyV discovery (1971-2014) with major associated diseases.

3277



Human Polyomaviruses (HPyVs) in Saudi Arabia: Epidemiology, Oncogenic Potential, and Research Priorities

widespread presence, no clear disease association has yet been
established for either virus.

New Jersey polyomavirus (NJPyV) was identified in 2014 from
vascular endothelial cells of a pancreas-transplant patient exposed to
floodwater, but its relevance to human infection remains unclear*.
Serological and metagenomic studies show no evidence of circulation
in humans, and its close similarity to a chimpanzee polyomavirus
suggests it may represent a rare, possibly zoonotic exposure rather than
a true human polyomavirus®.

HPyVs and Human Cancer: Mechanisms and Evidence

Among all HPyVs, MCPyV remains the only virus with definitive
evidence supporting a causal role in human cancer (Table 1). In
MCPyV-positive MCC, the viral genome is clonally integrated into
host DNA, and the large T antigen lead to truncating mutations that
disable viral replication while preserving the domains required to
inactivation the retinoblastoma (Rb) pathway, confirming MCPyV
as a human tumor virus'®%. In contrast, the oncogenic roles of other
HPyVs remain uncertain. BKPyV exhibits carcinogenic properties in
experimental studies, where its T antigen can induce chromosomal
instability, disrupt Rb function, and transform rodent fibroblasts’'.
Clinically, high-grade urothelial carcinomas have occasionally arisen
in kidney transplant recipients with BKPyV reactivation or BKPyV-
associated nephropathy, raising the possibility of a virus-related
carcinogenic pathway under immunosuppression®=~*¥. However,
viral DNA does not consistently localize within tumors, and evidence
outside transplant populations is limited, leaving BKPyV-associated
cancer as biologically plausible yet unproven®.

JCPyV has similarly demonstrated transforming capabilities in vitro
and in animal models, particularly in glial cells’**". These findings have
led to speculation regarding its presence in human brain tumors such
as gliomas. Nevertheless, tumor-associated JCPyV DNA is frequently
present at low copy numbers or in fragmented form, making it difficult
to distinguish incidental detection from pathogenic involvement.
Current data do not support JCPyV as a direct human carcinogen,
though indirect contributions in the context of immunosuppression
remain possible®’.

Cutaneous HPyVs specifically HPyV6, HPyV7, and TSPyV are known
to drive epithelial proliferation in immunosuppressed individuals,
demonstrating an ability to modulate keratinocyte growth*#!. TSPyV
is causative in trichodysplasia spinulosa, while HPyV6 and HPyV7
are linked to pruritic and hyperplastic skin eruptions*-#2. Despite this
proliferative capacity, none of these viruses have been convincingly
associated with malignant transformation, although their presence in
hyperproliferative tissues raises questions about potential co-factors in
rare settings.

HPyV9, MWPyV, STLPyV, and NJPyV do not currently show
evidence of involvement in cancer. HPyV9 has been detected in skin

and in transplant recipients but has not been linked to any neoplasm™.
MWPyV and STLPyV are found in gastrointestinal, respiratory, and
lymphoid tissues without oncogenic association***¢. NJPyV, identified
in a single transplant case, lacks evidence of circulation in humans and
is likely of zoonotic or environmental origin rather than a true human
pathogen®#.

HPyVs in Saudi Arabia:

Observations

Epidemiology and Clinical

Research on HPyVs in Saudi Arabia remains limited, with available
data derived largely from isolated case reports and single-center studies
rather than systematic national investigations (Table 2). The most
reports concern BKPyV and its clinical impact in renal transplantation,
whereas studies on JCPyV and MCPyV are limited and incomplete.
No comprehensive epidemiologic, molecular, or serologic assessments
have been performed for the broader HPyV family in Saudi Arabia.
The existing literature therefore provides only an initial outline of
HPyV circulation and disease associations locally.

BKPyV is the most studied HPyV in Saudi Arabia due to its established
role in renal allograft dysfunction. The earliest Saudi report, published
in 2006, described BKPyV-associated nephropathy in a pediatric
transplant recipient, confirming the virus as a clinically significant
pathogen in Saudi renal transplant programs®. A subsequent 2007 study
demonstrated BK viruria and viremia in another transplant patient,
highlighting the importance of routine viral screening®. Later cohort-
based analyses provided broader insight into BKPyV burden. In 2017,
a study examining 290 renal transplant biopsies identified biopsy-
proven polyomavirus-associated nephropathy (PVAN) in 3.4% of
cases, aligning with international prevalence estimates®'. A more recent
2023 pediatric transplantation study reported BK viremia in 17.3% and
PVAN in 8.6% of children, establishing a local viral load threshold
predictive of nephropathy®. Together, these findings establish BKPyV
as a significant contributor to graft dysfunction in Saudi transplant
populations and highlight the importance of routine viral screening in
transplant recipients.

Evidence on JCPyV in Saudi Arabia comes primarily from case
reports of progressive multifocal leukoencephalopathy (PML)
in immunosuppressed patients. A 2019 case report described a
patient with multiple sclerosis who developed PML while receiving
immunomodulatory therapy, where atypical radiologic findings
initially delayed®. A 2022 report confirmed PML in a patient through
brain biopsy and JCPyV-PCR, illustrating the diagnostic challenges
posed by the disease in clinical settings where suspicion is low®.

Beyond neurological disease, metagenomic sequencing has provided
limited but informative indications into polyomaviruses circulation
in the general population®. In 2022, Mouzan et al. reported JCPyV
sequences in the mucosal and fecal virome of children with celiac
disease®. While not designed as an epidemiologic study, the finding
suggests widespread viral circulation in Saudi Arabia and highlights

Table 1. Confirmed vs. Suspected Disease Associations of Human Polyomaviruses

Virus Confirmed Disease Association Notes / Suspected Tumor Associations Reference
BKPyV PVAN; hemorrhagic cystitis Suspected urothelial carcinoma (not proven) (35, 36, 54)
JCPyV Progressive multifocal leukoencephalopathy (PML) Rare detection in CNS tumors; causal link unproven (37,56, 57)
MCPyV  Merkel cell carcinoma (established human tumor virus) Direct viral integration + LT truncation mutations (12,16, 17)
TSPyV Trichodysplasia spinulosa No malignancy associated (41)
HPyV6 Pruritic rash in immunosuppressed No malignancy associated (40)
HPyV7 Pruritic rash in immunosuppressed No malignancy associated (40)

Abbreviations: BKPyV, BK polyomavirus; JCPyV, JC polyomavirus; MCPyV, Merkel cell polyomavirus; TSPyV, trichodysplasia spinulosa—
associated polyomavirus; HPyV6/HPyV7, human polyomavirus types 6 and 7; PVAN, polyomavirus-associated nephropathy; LT, large T antigen.
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Table 2. Summary of HPyV Research Conducted in Saudi Arabia

Study / Year Virus Studied Specimen
Siddiqi et al., 2006 (59) BKPyV Serum

Maghrabi et al., 2007 (60) BKPyV Blood/urine
Jahdali et al., 2017 (61) BKPyV Biopsy

Hamed et al., 2023 (62) BKPyV Plasma

AlTahan et al., 2019 (63) JCPyV Serum/CSF
Algahthani et al., 2022 (64) JCPyV Brain biopsy
Mouzan et al., 2022 (66) JCPyV Stool

Khabaz et al., 2016 (67) BKPyV Colorectal biopsy
Abu-Zaid et al., 2013 (68) MCPyV Skin biopsy
Abaulsaud et al., 2021 (69) MCPyV (not tested) Anal tone biopsy

Abuharb et al., 2025 (70) MCPyV (not tested) Nasal biopsy

Population Detection Method Key Findings

Pediatric transplant ~ PCR /1 positive; PVAN
documented

Adult transplant PCR I po Slt}ve; BK
reactivation

Kidney recipients Viral load testing 10/290 BK viremia

Pediatric kidney 14/81 positive;

transplant RT-PCR significant PVAN burden

MS patient on PCR PML confirmed

immunotherapy

PML case PCR + IHC JCPyV-positive PML

Celiac disease . JCPyV detected;

. Metagenomics . .

children epidemiology unclear

CRC patients PCR/IHC Negative for BKPyV

MCC patient HC 0/1; negative MCPyV

MCC patient Not performed Viral status unknown

MCC patient Not performed Viral status unknown

Abbreviations: BKPyV — BK polyomavirus; JCPyV — JC polyomavirus; MCPyV — Merkel cell polyomavirus; CRC — colorectal cancer; MCC
— Merkel cell carcinoma; MS — multiple sclerosis; PML — progressive multifocal leukoencephalopathy; PVAN — polyomavirus-associated
nephropathy; RT-PCR - reverse-transcription polymerase chain reaction; IHC — immunohistochemistry.

the value of metagenomic approaches for uncovering asymptomatic
viral carriage.

The only tumor-based study examining an HPyV outside MCC
investigated BKPyV in colorectal cancer tissues. In 2016, Khabaz et al.
study found no evidence of viral DNA or protein expression, indicating
no detectable BKPyV involvement in colorectal carcinogenesis in that
cohort?’.

Despite the presence of MCC cases in Saudi Arabia, MCPyV testing
has been rarely performed. Published reports of MCC from 2013,
2021, and 2025 describe cases in the inguinal region, anal canal,
and nasal cavity, respectively®®”’. Only one of these cases underwent
immunohistochemical testing for MCPyV, which yielded a negative
result®®. The remaining cases did not include any molecular or
immunohistochemical assessment of viral status.

Research Gaps and the Need for HPyV Investigations in
Saudi Arabia

Despite the clinical importance, HPyVs research in Saudi Arabia
remains limited and focused on only certain HPyV types. Existing
studies focus almost exclusively on BKPyV and JCPyV in the context of
kidney transplantation and PML, while epidemiologic, molecular, and
oncologic investigations of other HPyVs are essentially absent. This
limited evidence base restricts our understanding of viral circulation,
disease associations, pathogenicity, and potential oncogenic roles
within the Saudi Arabia.

The absence of broad sero-epidemiologic surveys remains a major
limitation, leaving population exposure, age-specific infection trends,
and regional variation in HPyV prevalence unknown. In the absence of
population-level data, it remains unclear whether distinct viral strains
circulate in Saudi Arabia or if certain demographic groups, particularly
immunosuppressed patients are at risk of infection or reactivation.

Equally significant is the lack of molecular characterization of
circulating HPyVs. No Saudi studies have sequenced viral genomes,
assessed genotype diversity, or evaluated non-coding control region
(NCCR) rearrangements, despite the fact that such changes can alter
viral tropism, replication kinetics, and pathogenic potential.

The absence of tumor-based investigations represents another critical
gap. Although cancers such as colorectal, thyroid, breast, prostate, and
lymphoid malignancies are increasingly common in Saudi Arabia, none
have been screened for HPyV DNA, viral integration, or expression of
viral oncoproteins. Except for a single negative study of BKPyV in
colorectal cancer, the oncogenic potential of HPyVs in common Saudi
malignancies remains unexplored.

Research on emerging HPyVs entirely lacking, these viruses
are associated internationally with dermatologic proliferations,
immunosuppression-related skin disease, or early-life infection, yet
none have been examined in Saudi populations. With increasing use
of biologic therapies, chemotherapy, and advanced transplantation
protocols, overlooking these viruses may lead to missed diagnoses or
underrecognized viral contributions to cutaneous or systemic disease.

Finally, viral host interactions have not been explored in the region.
Despite these gaps, Saudi Arabia is well positioned to advance HPyV
research. The country possesses robust biobanking systems, widespread
availability of PCR and next-generation sequencing platforms, and
large archival FFPE tissue collections. Coordinated, multidisciplinary
research efforts could generate the epidemiologic and molecular
data needed to define the regional significance of HPyVs and inform
diagnostic, preventive, and therapeutic strategies.

DISCUSSION

HPyVs are globally prevalent viruses with diverse clinical behaviors,
ranging from asymptomatic persistence to severe disease in
immunocompromised individuals'¥. Their role in tumoregenesis is
increasingly recognized, yet remains insufficiently studied in many
regions, including Saudi Arabia. The Kingdom’s demographic
characteristics such as a young population, high prevalence of chronic
diseases, and expanding use of immunosuppressive therapies create
an environment in which HPyV infection and reactivation may have
heightened clinical impact. Nevertheless, the existing literature
provides only a partial and incomplete view of HPyV circulation and
behavior.

Globally, MCPyV stands as the only HPyV established as a human
tumor virus'>!%. Its causal role in MCC is supported by clonal viral
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integration, truncating LT-antigen mutations, and persistent expression
of viral oncoproteins that drive tumorigenesis'®. Other HPy Vs, including
BKPyV and JCPyV, possess demonstrable transforming properties in
vitro and in animal models, but their oncogenic roles in humans remain
unresolved®*>%. Chronic infection, persistent inflammation, immune
escape, and host genetic factors may together influence whether these
viruses contribute to carcinogenesis. In Saudi Arabia, however, most
of these possibilities remain unexamined. BKPyV is well documented
as a pathogen in renal transplantation, yet no studies have investigated
viral genotypes, evolution, or potential involvement in urothelial
carcinomas despite international reports suggesting such associations.
Similarly, although JCPyV-related PML has been reported in Saudi
patients, its broader epidemiologic distribution and oncogenic potential
are remain unknown.

No data exist on other HPyVs, such as KIPyV, WUPyV, HPyV6,
HPyV7, STLPyV, TSPyV, MWPyV, HPyV9, or NJPyV in the Saudi
population, despite their known capacity of some of them to cause
dieseases in immunosuppressed hosts. The absence of MCPyV
testing in Saudi MCC cases is particularly concerning. Since MCPyV
prevalence in MCC differs significantly across geographic regions, lack
of viral testing prevents determination of whether Saudi cases mirror
international trends or represent a distinct epidemiologic pattern.

Given the rising incidence of cancers with unclear etiologies in
Saudi Arabia including colorectal, thyroid, breast, and lymphoid
malignancies, the potential contribution of HPyVs warrants systematic
and mandotary investigation. Integrating viral genomics, tumor
screening, and studies of viral host interactions will be essential for
determining whether HPyVs play a role in local cancer biology.

Advancing HPyV research in Saudi Arabia would complement
global efforts to identify emerging viral carcinogens and refine early
detection strategies. As our understanding of virus-associated cancers
evolves, defining the role of HPyVs in the Kingdom could improve
diagnostic precision, enhance patient management, and inform public
health initiatives aimed at reducing the burden of infection-related
malignancies.

CONCLUSIONS

Human polyomaviruses are widespread, but their epidemiology
and possible links to cancer remain largely unexplored in
Saudi Arabia. Existing data focus mainly on BKPyV in kidney-
transplant patients and a few JCPyV-related PML cases, with no
systematic studies on other HPyVs or their presence in common
cancers. Notably, no routine MCPyV testing has been performed
in Saudi MCC cases, leaving the viral status of these tumors
entirely unknown. The absence of sero-epidemiology, molecular
sequencing, and tumor screening limits our ability to assess their
clinical or oncogenic relevance. With rising cancer rates and
an expanding immunosuppressed population, focused HPyV
research—including systematic screening of MCC for MCPyV—
is urgently needed and will help fill major national and global
knowledge gaps.

Authorship Contribution: The author conceived the review, analyzed
the data, interpreted the results, and wrote and approved the final
manuscript.

Potential Conflicts of Interest: None

Competing Interest: None

Acceptance Date: 09 January 2026

3280

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

2. Wild CP WE, Stewart BW, editors. World Cancer Report: Cancer
Research for Cancer Prevention. Lyon, France: International
Agency for Research on Cancer. 2020.

3. De Martel C, Georges D, Bray F, et al. Global burden of cancer
attributable to infections in 2018: a worldwide incidence analysis.
The Lancet Global Health. 2020;8(2):e180-¢90.

4. Bouvard V,BaanR, Straif K, et al. A review of human carcinogens-
-Part B: biological agents. Lancet Oncol. 2009;10(4):321-2.

5. Tsao H. Genetics of nonmelanoma skin cancer. Arch Dermatol.
2001;137(11):1486-92.

6. Plummer M, Franceschi S, Vignat J, et al. Global burden of
gastric cancer attributable to Helicobacterpylori. Int J Cancer.
2015;136(2):487-90.

7. zur Hausen H. Viruses
1991;254(5035):1167-73.

8. Moore PS, Chang Y. Why do viruses cause cancer? Highlights
of the first century of human tumour virology. Nat Rev Cancer.
2010;10(12):878-89.

9. Biological agents. Volume 100 B. A review of human carcinogens.
IARC Monogr Eval Carcinog Risks Hum. 2012;100(Pt B):1-441.

10. Bouvard V, Baan RA, Grosse Y, et al. Carcinogenicity of malaria
and of some polyomaviruses. Lancet Oncol. 2012;13(4):339-40.

11. Plummer M, De Martel C, Vignat J, et al. Global burden of cancers
attributable to infections in 2012: a synthetic analysis. Lancet
Glob Health. 2016;4(9):¢609-¢16.

12. Shuda M, Feng H, Kwun HJ, et al. T antigen mutations are a
human tumor-specific signature for Merkel cell polyomavirus.
Proc Natl Acad Sci U S A. 2008; 105(42): 16272-7.

13. Saudi Cancer Registry Annual Reports 2022.

14. DeCaprio JA, Garcea RL. A cornucopia of human polyomaviruses.
Nat Rev Microbiol. 2013;11(4):264-76.

15. Moens U, Calvignac-Spencer S, Lauber C, et al. ICTV Virus
Taxonomy Profile: Polyomaviridae. J Gen Virol. 2017;98(6):1159-
60.

16. Feng H, Shuda M, Chang Y, et al. Clonal integration of a
polyomavirus in human Merkel cell carcinoma. Science.
2008;319(5866):1096-100.

17. Kassem A, Schopflin A, Diaz C, et al. Frequent detection of
Merkel cell polyomavirus in human Merkel cell carcinomas and
identification of a unique deletion in the VP1 gene. Cancer Res.
2008;68(13):5009-13.

18. Johne R, Buck CB, Allander T, et al. Taxonomical developments
in the family Polyomaviridae. Arch Virol. 2011;156(9):1627-34.

19. Torres C. Evolution and molecular epidemiology of
polyomaviruses. Infect Genet Evol. 2020;79:104150.

20. Moens U, Krumbholz A, Ehlers B, et al. Biology, evolution, and
medical importance of polyomaviruses: An update. Infect Genet
Evol. 2017;54:18-38.

21. White MK, Gordon J, Khalili K. The rapidly expanding family
of human polyomaviruses: recent developments in understanding
their life cycle and role in human pathology. PLoS Pathog.
2013;9(3):¢1003206.

22. Ramgqvist T, Dalianis T. Murine polyomavirus tumour specific
transplantation antigens and viral persistence in relation to the
immune response, and tumour development. Semin Cancer Biol.
2009;19(4):236-43.

23. Eddy BE, Stewart SE, Kirschstein RL, et al. Induction of
subcutaneous nodules in rabbits with the SE polyoma virus.
Nature. 1959;183(4663):766-7.

in human cancers. Science.



Bahrain Medical Bulletin, Vol. 48, No. 2, June 2026

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sweet BH, Hilleman MR. The vacuolating virus, S.V. 40. Proc Soc
Exp Biol Med. 1960;105:420-7.

Butel JS, Lednicky JA. Cell and molecular biology of simian virus
40: implications for human infections and disease. J Natl Cancer
Inst. 1999;91(2):119-34.

Gross L. A filterable agent, recovered from Ak leukemic extracts,
causing salivary gland carcinomas in C3H mice. Proc Soc Exp
Biol Med. 1953;83(2):414-21

Eddy BE, Stewart SE. Characteristics of the SE polyoma virus.
Am J Public Health Nations Health. 1959;49(11):1486-92.

Korup S, Rietscher J, Calvignac-Spencer S, et al. Identification
of a novel human polyomavirus in organs of the gastrointestinal
tract. PLoS One. 2013;8(3):¢58021.

Gheit T, Dutta S, Oliver J, et al. Isolation and characterization of
a novel putative human polyomavirus. Virology. 2017;506:45-54.
Ondov BD, Starrett GJ, Sappington A, et al. Mash Screen:
high-throughput sequence containment estimation for genome
discovery. Genome biology. 2019;20(1):232.

Torres C, Correa RM, Picconi MA, et al. Identification of a new
polyomavirus in distinct human populations and tissues. J Med
Virol. 2023;95(10):¢29197.

Gardner SD, Field AM, Coleman DV, et al. New human
papovavirus (B.K.) isolated from urine after renal transplantation.
Lancet. 1971;1(7712):1253-7.

Padgett BL, Walker DL, ZuRhein GM, et al. Cultivation of
papova-like virus from human brain with progressive multifocal
leucoencephalopathy. Lancet. 1971;1(7712):1257-60.

Roberts IS, Besarani D, Mason P, et al. Polyoma virus infection
and urothelial carcinoma of the bladder following renal
transplantation. Br J Cancer. 2008;99(9):1383-6.

Galed-Placed I, Valbuena-Ruvira L. Decoy cells and malignant
cells coexisting in the urine from a transplant recipient with
BK virus nephropathy and bladder adenocarcinoma. Diagn
Cytopathol. 2011;39(12):933-7.

Zhang Y, Ahmed H, Haririan A, et al. Granulomatous inflammation
in BK polyomavirus-associated nephropathy. Transpl Infect Dis.
2018;20(5):¢12939.

Pinto M, Dobson S. BK and JC virus: a review. J Infect. 2014,68
Suppl 1:52-8.

Allander T, Andreasson K, Gupta S, et al. Identification of a third
human polyomavirus. J Virol. 2007;81(8):4130-6.

Gaynor AM, Nissen MD, Whiley DM, et al. Identification of a
novel polyomavirus from patients with acute respiratory tract
infections. PLoS Pathog. 2007;3(5):e64.

Schowalter RM, Pastrana DV, Pumphrey KA, et al. Merkel cell
polyomavirus and two previously unknown polyomaviruses
are chronically shed from human skin. Cell Host Microbe.
2010;7(6):509-15.

van der Meijden E, Janssens RW, Lauber C, et al. Discovery
of a new human polyomavirus associated with trichodysplasia
spinulosa in an immunocompromized patient. PLoS Pathog.
2010;6(7):¢1001024.

Klufah F, Mobaraki G, Liu D, et al. Emerging role of human
polyomaviruses 6 and 7 in human cancers. Infect Agent Cancer.
2021;16(1).

Scuda N, Hofmann J, Calvignac-Spencer S, et al. A novel human
polyomavirus closely related to the african green monkey-derived
lymphotropic polyomavirus. J Virol. 2011;85(9):4586-90.

Yu G, Greninger AL, Isa P, et al. Discovery of a novel
polyomavirus in acute diarrheal samples from children. PLoS
One. 2012;7(11):e49449.

Siebrasse EA, Reyes A, Lim ES, et al. Identification of MW
polyomavirus, a novel polyomavirus in human stool. J Virol.
2012;86(19):10321-6.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Lim ES, Reyes A, Antonio M, et al. Discovery of STL
polyomavirus, a polyomavirus of ancestral recombinant origin
that encodes a unique T antigen by alternative splicing. Virology.
2013;436(2):295-303.

Buck CB, Phan GQ, Raiji MT, et al. Complete genome sequence
of a tenth human polyomavirus. J Virol. 2012;86(19):10887.
Mishra N, Pereira M, Rhodes RH, et al. Identification of
a novel polyomavirus in a pancreatic transplant recipient
with retinal blindness and vasculitic myopathy. J Infect Dis.
2014;210(10):1595-9.

Scuda N, Madinda NF, Akoua-Koffi C, et al. Novel polyomaviruses
of nonhuman primates: genetic and serological predictors for the
existence of multiple unknown polyomaviruses within the human
population. PLoS Pathog. 2013;9(6):¢1003429.

Houben R, Adam C, Baeurle A, et al. An intact retinoblastoma
protein-binding site in Merkel cell polyomavirus large T antigen is
required for promoting growth of Merkel cell carcinoma cells. Int
J Cancer. 2012;130(4):847-56.

Small JA, Khoury G, Jay G, et al. Early regions of JC virus and
BK virus induce distinct and tissue-specific tumors in transgenic
mice. Proc Natl Acad Sci U S A. 1986;83(21):8288-92.

Liu S, Chaudhry MR, Berrebi AA, et al. Polyomavirus Replication
and Smoking Are Independent Risk Factors for Bladder Cancer After
Renal Transplantation. Transplantation. 2017;101(6):1488-94.
Papadimitriou JC, Randhawa P, Rinaldo CH, et al. BK
Polyomavirus Infection and Renourinary Tumorigenesis. Am J
Transplant. 2016;16(2):398-406.

Alexiev BA, Drachenberg CB, Papadimitriou JC. Polyomavirus-
cystitis associated with in situ and invasive urothelial
carcinoma in a heart transplant recipient: evidence suggesting
sequential progression/evolution from infection to carcinoma.
Transplantation. 2015;99(1):e3-4.

Klufah F, Mobaraki G, Hausen AZ, et al. Reactivation of BK
Polyomavirus in Urine Cytology Is Not Associated with Urothelial
Cell Carcinoma. Viruses. 2020;12(12):1412.

Dyson N, Bernards R, Friend SH, et al. Large T antigens of
many polyomaviruses are able to form complexes with the
retinoblastoma protein. J Virol. 1990;64(3):1353-6.

Klufah F, Mobaraki G, Shi S, et al. Human polyomaviruses JCPyV
and MCPyV in urothelial cell carcinoma: a single institution
experience. Front Oncol. 2023;13:1251244.

Scola N, Wieland U, Silling S, et al. Prevalence of human
polyomaviruses in common and rare types of non-Merkel cell
carcinoma skin cancer. Br J Dermatol. 2012;167(6):1315-20.
Siddiqi N, Hamid M, El-Tayeb A, et al. Polyoma Virus
Nephropathy, First Reported Case in Saudi Arabia. Saudi J Kidney
Dis Transpl. 2006;17(2):203-7.

Maghrabi M, Marwan D, Osoba AO. BK virus infection in a renal
transplant Saudi child. Saudi Med J. 2007;28(1):121-4.

Jahdali S, Al Oudah N, Alsaad KO, et al. Biopsy-Proven BK
Virus-Associated Nephropathy: Clinico-Pathologic Correlations.
Exp Clin Transplant. 2017;15(3):289-94.

Hamed R, Al Maghrabi M, Kasem MF, et al. Screening for
polyomavirus nephropathy and viremia in children with renal
transplantation. Pediatr Transplant. 2023;27(3):¢14479.

AlTahan AM, Berger T, AlOrainy IA, et al. Progressive Multifocal
Leukoencephalopathy in the Absence of Typical Radiological
Changes: Can We Make a Diagnosis? Am J Case Rep.
2019;20:101-5.

Algahtani H, Shirah B, Othman L, et al. Progressive Multifocal
Leukoencephalopathy ~ Misdiagnosed as  Neuropsychiatric
Systemic Lupus Erythematosus With a Catastrophic Outcome.
Neurologist. 2022;27(5):271-5.

Mishra N, Fagbo SF, Alagaili AN, et al. A viral metagenomic
survey identifies known and novel mammalian viruses in bats
from Saudi Arabia. PLoS One. 2019;14(4):¢0214227.

3281



66.

67.

68.

Human Polyomaviruses (HPyVs) in Saudi Arabia: Epidemiology, Oncogenic Potential, and Research Priorities

ElMouzan M, Assiri A, Al Sarkhy A, etal. Viral dysbiosis in children
with new-onset celiac disease. PLoS One. 2022;17(1):¢0262108.
Khabaz MN, Nedjadi T, Gari MA, et al. BK polyomavirus
association with colorectal cancer development. Genet Mol Res.
2016;15(2).

Abu-Zaid A, Azzam A, Al-Wusaibie A, et al. Merkel cell
carcinoma of left groin: a case report and literature review. Case
Rep Oncol Med. 2013;2013:431743.

3282

69.

70.

Zahrh F Abualsaud ZFA, Mohammed Somali, Amani Joudeh,
Mohammed Tahtouh. Merkel Cell Carcinoma of Anal
Canal: Case Report and Literature Review. Int J Case Rep.
2021;2021,5:245(2021,5:245).

Abuharb AIA, Alzamil AF, Alqarni KS, et al. Merkel cell
carcinoma presenting as a nasal dorsum mass: A case report and
literature review. World J Clin Cases. 2025;13(24):105244.



	Title
	INTRODUCTION
	METHODS
	DISCUSSION
	CONCLUSIONS
	REFERENCES

