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A B S T R A C T   

DNA viruses are common in the human population and act as aetiological agents of cancer on a large scale 
globally. They include the human papillomaviruses (HPV), Epstein-Barr virus (EBV), Kaposi sarcoma-associated 
herpesvirus (KSHV), hepatitis viruses, and human polyomaviruses. Oncogenic viruses employ different mecha
nisms to induce cancer. Notably, cancer only develops in a minority of individuals who are infected, usually 
following protracted years of chronic infection. The human papillomaviruses (HPVs) are associated with the 
highest number of cancer cases, including cervical cancer and other epithelial malignancies. Hepatitis B virus 
(HBV) and the RNA virus hepatitis C (HCV) are significant contributors to hepatocellular cancer (HCC). Other 
oncoviruses include Epstein-Barr virus (EBV), Kaposi sarcoma-associated herpes virus (KSHV), human T-cell 
leukemia virus (HTLV-I), and Merkel cell polyomavirus (MCPyV). The identification of these infectious agents as 
aetiological agents for cancer has led to reductions in cancer incidence through preventive interventions such as 
HBV and HPV vaccination, HPV-DNA based cervical cancer screening, antiviral treatments for chronic HBV and 
HCV infections, and screening of blood for transfusion for HBV and HCV. Successful efforts to identify additional 
oncogenic viruses in human cancer may provide further understanding of the aetiology and development of 
cancer, and novel approaches for prevention and treatment. Cervical cancer, caused by HPV, is the leading 
gynaecological malignancy in LMICs, with high age-standardised incidence and mortality rates, HCC due to HBV 
is an important cause of cancer deaths, and the burden of other cancer attributable to infections continues to rise 
globally. Hence, cancers attributable to DNA viruses have become a significant global health challenge. These 
viruses hence warrant continued attention and interrogation as efforts to understand them further and device 
further preventive interventions are critical.   

1. Introduction 

Deoxyribonucleic acid (DNA) tumor viruses are a group of viruses 
that can induce cancer in both humans and animals. They are referred to 
as “tumor viruses” due to their ability to trigger uncontrolled cell divi
sion, resulting in the development of tumors [1]. The initial DNA tumor 
viruses to be identified were the rabbit fibroma virus and the Shope 
papilloma virus, both of which were discovered by Richard Shope dur
ing the 1930s [2]. Since then, numerous other DNA tumor viruses have 

been identified, including the human papillomavirus (HPV), hepatitis B 
virus (HBV), and Epstein-Barr virus (EBV) [1]. These viruses have the 
potential to cause cancers such as cervical cancer, liver cancer, and 
Burkitt’s lymphoma [1]. 

This review highlights the significant impact of DNA tumor viruses 
on the fields of molecular biology and cancer research in low-to-middle 
income countries (LMICs). This information helps researchers by syn
thesizing, consolidating, and summarizing publications from all over the 
world to enable discussions on the latest findings and current theories 

* Corresponding author. Department of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences University of Zimbabwe, P.O Box A178, Avondale, 
Harare, Zimbabwe. 

E-mail addresses: gmurewanhema@gmail.com, gmurewanhema@yahoo.com (G. Murewanhema).  

Contents lists available at ScienceDirect 

Tumour Virus Research 

journal homepage: www.journals.elsevier.com/tumour-virus-research 

https://doi.org/10.1016/j.tvr.2024.200289 
Received 15 February 2024; Received in revised form 2 July 2024; Accepted 3 July 2024   

mailto:gmurewanhema@gmail.com
mailto:gmurewanhema@yahoo.com
www.sciencedirect.com/science/journal/26666790
https://www.journals.elsevier.com/tumour-virus-research
https://doi.org/10.1016/j.tvr.2024.200289
https://doi.org/10.1016/j.tvr.2024.200289
https://doi.org/10.1016/j.tvr.2024.200289
http://creativecommons.org/licenses/by/4.0/


Tumour Virus Research 18 (2024) 200289

2

that shape our understanding of this diverse group of viruses and their 
impact on human health. About 70 % of cancer deaths occur in LMICs; 
this represents a disproportionately large burden, with 20 % of cancer- 
attributable deaths reported globally [3]. The causes of the disparities in 
cancer deaths between high-income countries (HICs) and LMICs are 
multifactorial. These include environmental, occupational and lifestyle 
factors. Molecular variations resulting from environmental exposures, 
genetic factors, and regional habits may contribute to the development 
of cancer and require further investigation [4]. Though modifiable, 
cancers resulting from infectious agents remain a significant burden in 
LMICs. 

Besides the perennial problem of a shortage of pathologists in LMICs, 
HICs are deploying immunohistochemistry (IHC) and molecular testing 
to improve diagnostic capabilities, improve prognosis, and allow for 
individualized treatment decisions (precision medicine). The World 
Health Organization (WHO) has identified these tests as essential diag
nostic tools [3–6]; unfortunately, they are mostly lacking in most LMICs. 
Inadequate vaccination, cancer screening, and treatment services 
contribute to the high morbidity and mortality rates from cancer in 
LMICs [3,5]. Adequate pathology services were available in only a 
quarter of LMICs in 2017 [6,7]. The WHO has published a guide 
emphasizing the significance of early cancer diagnosis with emphasis on 
the evaluation of the disease and subsequent treatment [8]. One of the 
modifiable risk factors for cancer development is infectious agents. In 
this article, we review the burden of cancer in LMICs, the common DNA 
tumor viruses and challenges faced in controlling them in this setting. 
Although it has not been shown to cause cancer, we also discuss the 
human polyomaviruses due to the significant morbidity they cause. 

2. Burden/impact of cancer in LMICs: epidemiological 
background 

According to the International Agency for Research on Cancer 
(IARC), approximately 20 % of the global population develops cancer at 
some point in their lives. Furthermore, the statistics indicate that 1 in 8 
men and 1 in 11 women succumb to the disease [9]. These recent esti
mations reveal that over 50 million individuals are currently living 
within five years of being diagnosed with cancer. The rise in cancer cases 
can be attributed to factors such as the aging populations worldwide and 
various socio-economic risk factors. Among women, breast cancer ac
counts for 25 % of all cancer diagnoses, while colorectal, lung, cervical, 
and thyroid cancers are also prevalent [10,11]. The WHO projects that 
these numbers will increase from 20 million to 29.5 million new cancer 
cases and 16.5 million cancer-related deaths annually by 2040 [12]. 

While HICs generally have higher cancer incidence rates, the mor
tality rates and overall number of deaths due to cancer are significantly 
higher in LMICs, and these rates continue to rise [13]. In 2012, 65 % of 
all cancer deaths worldwide occurred in LMICs [11,14]. This percentage 
is projected to increase to 75 % by 2030 [5,9]. There are several reasons 
for these disparities in cancer trends. HICs have implemented better 
control measures for risk factors such as infections, anti-smoking cam
paigns, and other preventive measures [15]. LMICs are facing increasing 
cancer-related mortality due to factors such as rising obesity rates, 
sedentary lifestyles, dietary factors, tobacco and alcohol use, and 
persistent infections like Helicobacter pylori, HBV and HPV [16]. LMICs 
bear a disproportionate burden of infection-associated cancers such as 
cervical cancer, hepatocellular carcinoma, and gastric cancer [13]. 
Effective vaccination and eradication therapy for infections like H. pylori 
presents critical opportunities for reducing the global cancer burden 
[13]. In 2012, approximately 15.4 % of new cancer cases worldwide 
were attributable to infectious agents [17,18]. This percentage was 
significantly higher in LMICs compared to HICs, with some countries in 
sub-Saharan Africa (SSA) having attributable fractions exceeding 50 % 
[19]. 

3. DNA tumor viruses and human cancers 

Several DNA viruses are now known to be oncogenic in the human 
population, and act as cancer aetiological agents on a global scale. These 
include HPV, HBV, EBV, Kaposi’s sarcoma-associated herpesvirus 
(KSHV), and human polyomaviruses. Viral infections contribute to an 
estimated 15 %–20 % of all cancer cases in humans [17]. Through the 
study of DNA viruses, our understanding of the key molecular factors 
involved in the transformation process has significantly advanced. 
Furthermore, research has provided insights into the molecular mech
anisms of tumorigenesis employed by these viruses, and there are in
dications that cofactors may be necessary for viral oncogenicity in 
certain cases [20]. 

EBV, HPV, HBV, KSHV, and human polyomaviruses are classified as 
DNA tumor viruses [21]. They are responsible for causing various types 
of cancers, such as B cell lymphomas, cervical cancer, liver cancers and 
head and neck cancers [22]. They achieve this by either expressing viral 
proteins or ribonucleic acid (RNA) [23]. The viral proteins can activate 
or suppress host transcription, which ultimately increases oncogene 
expression or decreases tumor suppressor expression [24]. Proteins 
encoded by DNA viruses interact with cellular signaling pathways in the 
host and regulate processes such as cell proliferation, programmed cell 
death, and genomic integrity [21]. Viral oncoproteins affect several cell 
signaling pathways, and may be essential for maintaining tumor 
phenotype. Notable examples include HPV (associated with cervical, 
anal, oropharyngeal, penile, vulvar and vaginal cancers), EBV (associ
ated with B-cell lymphoproliferative diseases and nasopharyngeal car
cinoma), KSHV (associated with Kaposi’s Sarcoma and primary effusion 
lymphomas), and HBV (linked to hepatocellular carcinoma (HCC) [21]. 

3.1. Human papillomavirus (HPVs) 

HPVs have a predilection for either cutaneous or mucosal epithelium 
transmitted through skin-to-skin contact. More than 300 papillomavi
ruses have been identified and completely sequenced, including over 
200 human papillomaviruses [25]. The papillomavirus group has 
distinct characteristics of genotype-specific-host-restriction and prefer
ence of distinct anatomical sites causing clinical pathologies that include 
benign lesions such as warts, as well as asymptomatic precancer lesions 
and invasive malignant transformation [26]. 

HPV belongs to a group of papillomaviruses that are highly specific 
to certain species and can infect numerous vertebrate species. All pap
illomaviruses share a similar genome organization and physical struc
ture, consisting of an 8 kb double-stranded, circular DNA viral genome 
enclosed within a capsid with a diameter of approximately 55 nm. While 
HPV infection often resolves spontaneously, the lack of an effective 
immune response can result in the development of genital tract, mouth 
or head and neck cancers. Unfortunately, there is currently no definitive 
cure or treatment for all types of HPV-related cancers. However, HPV 
vaccines are available to prevent infection by the most common types of 
HPV [27]. A small subset of HPV types can cause cutaneous warts. The 
approximately 40 types that infect mucosal surfaces are typically spread 
through sexual contact, including vaginal, anal, or oral sex, and can be 
divided into low-risk and high-risk types based on their associated 
cancer risk. Low-risk types cause warts, whereas the 13–14 high-risk 
types cause cervical intraepithelial neoplasia (CIN) and squamous cell 
carcinomas (SCC) of the anogenital tract and oropharyngeal mucosa 
[28]. 

WHO developed a 3 pillar strategy for eliminating cervical cancer 
which focuses on primary prevention through vaccination of 90 % of 
eligible girls by the age of 15 against HPV, secondary prevention 
through screening 70 % of women with HPV-DNA based tests and 
treatment of 90 % of women with cervical precancer, and tertiary pre
vention through timely and appropriate treatment for 90 % of women 
with invasive cancer. The 3 pillar pathway has the 90-70-90 targets that 
must be met by 2030 for countries to be on the path towards cervical 
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cancer elimination [29]. 

3.1.1. Prevention of cervical cancer in LMICs 
Prevention is the cornerstone of any effective cervical cancer elimi

nation strategy. The WHO recommends widespread implementation of 
HPV vaccination to girls between the ages of 9 and 14. In LMICs, sig
nificant progress has been achieved in recent years. Through collabo
ration between governments, WHO, and international partners, several 
LMICs have successfully introduced HPV vaccination programs. For 
example, Bhutan and Rwanda were among the first LMICs to introduce 
HPV vaccination at national levels in 2010 and 2011 respectively and 
they achieved over 90 % uptake in 12–18 year-old females [30]. Baus
sano et al. (2021) published data from these two countries which is the 
first to demonstrate HPV vaccine effectiveness in LMICs [30]. They re
ported 78 % and 88 % effectiveness against Gardasil vaccine-targeted 
HPV types in Rwanda and Bhutan respectively [30]. A study conduct
ed in Zimbabwe revealed that the country is vaccinating more than 85 % 
of eligible girls [31]. 

3.1.2. Screening methods used in LMICs 
Screening for HPV infection is effective in identifying precancerous 

lesions and allows treatment interventions that can prevent the devel
opment of cancer. DNA-based testing for HPV is more effective than 
today’s commonly used screening methods aimed at detecting and 
preventing cervical cancer [32]. Progress though unacceptably low, has 
been made in scaling up screening for cervical cancer in LMICs [33]. 
Various approaches, such as visual inspection with acetic acid (VIA), 
HPV DNA testing, and cytology (Pap smear), have been utilized. In 
countries like Malawi, Tanzania, and Nepal, innovative strategies have 
been implemented, such as mobile clinics, community-based screening, 
and integration of cervical cancer screening with other healthcare ser
vices. These efforts have resulted in increased screening coverage and 
improved access to services for women in remote areas [34–36]. 

Though internationally HPV-DNA based cervical cancer screening is 
now the preferred screening modality, and is a key pillar of the WHO 90- 
70-90 strategy for the elimination of cervical cancer as a disease of 
public health concern, it is still expensive and inaccessible to the general 
population in most LMICs and there is no point of care testing permitting 
same day treatment. Hence, despite the inferiority of VIA as a screening 
modality compared to HPV testing and cytology, it remains indispens
able in most of these countries for now. The utility of cytology as a 
screening modality has been hampered by the requirement for cytopa
thologists and cytotechnologists, scarce resources in LMICs, and long 
turnaround times for results availability. 

3.1.3. Treatment for precancer disease used in LMICs 
Treatment options for HPV-related precancer diseases include ther

mal ablation, cryotherapy, loop electrosurgical excision procedure 
(LEEP), cold knife conization and in a few selected cases, a simple 
hysterectomy. Low-technology approaches including VIA screening and 
treating with cryotherapy or thermal ablation are effective, simple, and 
widely accepted in LMICs. Over the last decade LMICs who have adopted 
VIA testing have increased; as of November 2016, 26 countries had 
incorporated VIA-based screening and treating into national pro
grammes with over 30 using it in pilot programmes [37]. Cryotherapy is 
a simple and effective treatment modality for cervical intraepithelial 
neoplasia (CIN) but has some logistical challenges and is mostly being 
replaced with thermal ablation. LEEP, cold knife conization and simple 
hysterectomies are more invasive procedures that are used to treat more 
advanced stages of CIN [28]. 

Collaborative efforts between WHO, governments, and international 
partners have resulted in the establishment of specialized cancer centers, 
training programs for healthcare professionals, and access to essential 
medicines for the treatment of cervical cancer. Similar initiatives have 
been implemented in various LMICs, contributing to improved treat
ment outcomes [38]. However, people still die from this preventable 

cause because of lack of skilled personnel, infrastructure, radiotherapy 
equipment and chemotherapeutic agents, lack of finance to continu
ously visit treatment centers and lack of family and social support. More 
work still needs to be done to make cervical cancer treatment accessible 
and affordable to those who need it the most in LMICs. 

3.1.4. Challenges in control of cervical cancer LMICs 
While some LMICs have successfully implemented HPV vaccination 

programs, there are still significant challenges in terms of cost, acces
sibility, and public acceptance. The challenges faced in LMICs include 
inadequate infrastructure, lack of trained personnel, and limited re
sources. In addition, there is a lack of awareness about HPV and its 
associated diseases among the general population, which can lead to low 
screening rates and late diagnosis of HPV-related diseases [29]. Glob
ally, better treatments for cervical cancer and related diseases are still 
required. Concurrent chemoradiation remains the mainstay of treatment 
for disease not amenable to surgical treatment; and targeted therapies 
being used for advanced and recurrent disease are mostly unavailable in 
most LMICs. 

3.2. Hepatitis B virus (HBV) 

HBV is double stranded DNA virus belonging to the hepadnavirus 
family. HBV is endemic globally in the human population, with a 
number of variants having been described. Apart from HBV, other 
hepadnaviruses are known to occur in other mammals apart from 
humans. The disease hepatitis B is a severe liver infection caused by HBV 
[39]. It can manifest as either a short-term (acute) infection lasting less 
than six months or a long-term (chronic) infection lasting more than six 
months [40]. Chronic hepatitis B induces chronic liver inflammation, 
which can progress to formation of scar tissue (cirrhosis), increasing the 
risk of liver failure and the potential development of HCC [41]. While 
most adults with hepatitis B fully recover, even in cases of severe 
symptoms, infants and children are more susceptible to developing a 
persistent hepatitis B infection [42]. Although a vaccine is available to 
prevent hepatitis B, most women are not screened in pregnancy and 
there is currently no cure for the condition [43]. 

3.2.1. Screening methods used in LMICs 
In LMICs, HBV screening is commonly conducted using rapid diag

nostic tests (RDTs) that detect the presence of HBV surface antigen 
(HBsAg) in blood samples commonly at blood transfusion services, and 
some antenatal clinics [45]. These tests are cost-effective and 
user-friendly, although they may not offer the same level of accuracy as 
laboratory-based tests [45]. 

3.2.2. Treatment used in LMICs 
The treatment of HBV in LMICs typically involves the administration 

of antiviral medications such as tenofovir and entecavir [46]. These 
medications aid in suppressing the virus, thereby reducing the risk of 
liver damage, cirrhosis, and liver cancer [46]. 

3.2.3. Challenges faced in LMICs 
LMICs encounter various challenges in the prevention and treatment 

of HBV, including limited access to screening and treatment services, 
insufficient funding, and a lack of public awareness regarding the dis
ease [44–46]. The number of LMICs with national HBV vaccination 
programs remains limited, with estimates suggesting less than 25 % of 
low-income countries and less than 30 % of lower-middle income 
countries having national programs, in sharp contrast to an estimate of 
85 % for HICs. 

3.2.4. Future perspective of disease burden 
WHO has set a target of eliminating viral hepatitis as a public health 

threat by 2030 [44]. To achieve this objective, the WHO recommends a 
comprehensive approach that encompasses expanding access to 
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vaccination, screening, and treatment services, as well as enhancing 
public awareness and political commitment to address the issue [44]. 

3.3. Epstein-Barr virus (EBV) 

EBV is a prevalent and highly transmissible viral infection that 
spreads through saliva and bodily fluids including saliva, blood, and 
semen [47]. The majority of EBV cases are asymptomatic, but in some 
instances, particularly among adolescents and young adults, it can result 
in infectious mononucleosis [47]. EBV belongs to the herpesvirus family 
and is classified as herpesvirus 4 [47]. Initially, the virus replicates 
within the epithelial cells of the nasopharynx and subsequently in
filtrates B lymphocytes via their CD21 receptors [48]. EBV is linked to 
several cancer types, including Burkitt’s lymphoma, Hodgkin’s lym
phoma, and nasopharyngeal carcinomas [49]. EBV has the ability to 
infect B cells and epithelial cells. It can establish a latent infection in B 
cells, which may contribute to the development of lymphomas [49]. 

3.3.1. Screening methods used in LMICs 
In LMICs, the diagnosis of EBV infection typically relies on clinical 

symptoms and serological tests [50]. EBV detection and typing through 
PCR contributes to the diagnostic screening of EBV-positive Burkitt’s 
lymphoma. In a study conducted on childhood B-cell Non-Hodgkin 
lymphomas (NHL), the detection of EBV was compared using RNA in 
situ hybridization (RISH) and polymerase chain reaction (PCR). The 
study findings indicated that PCR assays exhibited a sensitivity of 96 % 
and specificity of 100 %. Moreover, PCR could detect one EBV genome 
in 5000–10,000 EBV-negative cells, effectively ruling out the possibility 
of identifying low-number EBV-bearing memory cells [51]. 

Another study focused on the detection of low-load EBV in blood 
samples using droplet digital PCR (ddPCR) [52]. The study compared 
ddPCR with quantitative PCR (qPCR) and concluded that ddPCR is a 
highly sensitive and specific method for detecting low-load EBV in blood 
samples. In terms of sensitivity and accuracy, ddPCR outperformed 
qPCR [52]. 

3.3.2. Treatment used in LMICs 
The treatment approach for EBV infection in LMICs primarily focuses 

on supportive care to alleviate symptoms such as fever, sore throat, and 
fatigue [47]. Antiviral medications like acyclovir and ganciclovir are not 
widely accessible [50]. Additional research is required to obtain more 
accurate data on the epidemiology of pediatric NHL in LMICs, as well as 
to develop treatment protocols that can be safely and effectively 
implemented in diverse global circumstances [53]. LMICs have limited 
access to dedicated and comprehensive cancer treatment facilities [54]. 
T-cell chronic active Epstein-Barr virus (CAEBV) is a rare condition 
characterized by the predominance of EBV in T cells that infiltrate the 
tissues, leading to elevated levels of EBV in the blood. If left untreated, 
patients often experience liver failure, hemophagocytic lymphohistio
cytosis, coronary artery aneurysms, impaired organ function due to 
EBV-infected T cells, or T-cell lymphomas that do not respond to treat
ment [55]. Currently, hematopoietic stem-cell transplantation is the 
only curative therapy, emphasizing the importance of an accurate 
diagnosis and timely initiation of transplantation before the disease 
reaches an irreversible stage. Specific medications, such as high-dose 
systemic corticosteroids or a combination of ganciclovir with either 
histone deacetylase inhibitors or bortezomib, may temporarily alleviate 
systemic toxicity associated with T-cell CAEBV, allowing the patient to 
undergo transplantation. Despite transplantation, disease relapses have 
been observed, and the use of donor-derived virus-specific T cells may 
offer a potential treatment option for these relapses [56]. 

3.3.3. Challenges faced in LMICs 
LMICs encounter various challenges in managing EBV infection, 

including limited availability of diagnostic tests, insufficient awareness 
among healthcare providers, and inadequate treatment resources [50]. 

3.3.4. Future perspective of disease burden 
The future burden of EBV infection is anticipated to rise due to 

population growth and aging [57]. However, advancements in diag
nostic techniques and treatment options hold the potential to mitigate 
the impact of the disease [57]. 

3.4. Kaposi’s sarcoma-associated herpes virus (KSHV) 

KSHV is a viral infection that has been linked to the occurrence of 
three different proliferative diseases: Kaposi sarcoma, primary effusion 
lymphoma, and multicentric Castleman disease [58]. KSHV is a DNA 
virus of the herpesviridae family, and is also known as human herpes 
virus 8 (HHV 8). The identification of this virus took place in 1994, 
thanks to the work of Chang and Moore [58]. In order for Kaposi sar
coma and primary effusion lymphoma to develop, an individual must be 
infected with KSHV, which also acts as the causative agent for many 
cases of multicentric Castleman disease [58]. In Sub-Saharan Africa, KS 
is among the most common cancer among people living with HIV 
(PLWH). It can manifest in any immune-compromised person infected 
with KSHV such as the elderly and transplant recipients. The expression 
of multiple oncogenic proteins in KSHV leads to the activation of both 
sequential and parallel signaling pathways, which defines its patho
physiology [58]. 

Therapeutic approaches have been developed to specifically target 
these distinct oncogenic proteins encoded by the virus [58]. 

3.4.1. Screening methods used in LMICs 
Screening techniques for KSHV in LMICs encompass serological and 

molecular methodologies [59]. These approaches are employed to 
establish an extensive virological profile [59]. Screening facilities in 
LMICs remain mostly unavailable. 

3.4.2. Treatment used in LMICs 
The WHO recommends the immediate initiation of highly-active 

antiretroviral therapy (HAART) for PLWH and Kaposi sarcoma, which 
is characterized as an AIDS-defining illness. The widespread availability 
of HAART in LMICs and its early initiation have seen reductions in the 
incidence of KS; however, it remains a disease of public health impor
tance. Furthermore, the effectiveness of liposomal anthracyclines, like 
liposomal doxorubicin, has been demonstrated in the treatment of 
Kaposi sarcoma [58]. 

3.4.3. Challenges faced in LMICs 
LMICs encounter various challenges, such as restricted availability of 

chemotherapy, insufficiently trained personnel, and inadequate labo
ratory infrastructure [58]. 

3.4.4. Future perspective of disease burden 
The future outlook for the disease burden of KSHV relies on the 

ongoing advancement of efficient treatments and the establishment of 
screening initiatives in LMICs [58]. 

3.5. Human polyomaviruses 

Polyomaviruses are a family of viruses that primarily infect mam
mals and birds [60]. As of 2020, there are 117 species of poly
omaviruses, five of which are unassigned to a genus [61]. Most of these 
viruses are very common and typically asymptomatic in most human 
populations studied [12]. However, some polyomaviruses are associated 
with human disease, particularly in immunocompromised individuals 
[62]. The Polyomaviridae family comprises small circular dsDNA vi
ruses. Among the 14 human polyomaviruses identified to date, BKPyV 
and JCPyV have been extensively studied since their discovery in 1971 
[12]. It has been reported that both BKPyV and JCPyV are widely 
prevalent worldwide, with a frequency of 80–90 % in various pop
ulations [12]. The initial infection caused by these viruses is typically 
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asymptomatic and remains latent until it is activated due to immuno
suppression. The activation of BKPyV(BK) and JCPyV(JC) viruses can 
result in the development of BK Virus Associated Nephropathy and 
Progressive Multifocal Leukoencephalopathy, respectively. Significant 
advancements have been made in recent decades in understanding the 
molecular aspects of polyomaviruses [63]. 

The BK virus is associated with nephropathy in renal transplant and 
non-renal solid organ transplant patients [64]. The JC virus is associated 
with progressive multifocal leukoencephalopathy [65]. The Merkel cell 
virus is associated with Merkel cell cancer (MCC) [57]. MCC is formerly 
a rare tumor that has seen a gradual increase in incidence in HICs, where 
it affects particularly elderly Caucasian males, and occurs mainly in the 
sun-exposed head and neck areas. This increase in incidence in HICs may 
be attributable to improvements in diagnostics. However, the epidemi
ology of MCC in LMICs is not yet described. Probably more attention 
needs to be paid to the diagnostics in this context. Polyomaviruses are 
non-enveloped double-stranded DNA viruses with circular genomes of 
around 5000 base pairs [66]. The genome is packaged in a viral capsid of 
about 40–50 nm in diameter, which is icosahedral in shape [67]. The 
capsid is composed of 72 pentameric capsomeres of a protein called VP1, 
which is capable of self-assembly into a closed icosahedron [67]. 

JC polyomavirus (JCPyV) is a polyomavirus that specifically infects 
humans and establishes a lifelong infection in various peripheral organs, 
primarily those in the urinary tract, in individuals with a healthy im
mune system [68]. However, in individuals with compromised immune 
systems, JCPyV can invade the central nervous system (CNS), leading to 
severe encephalopathies with high morbidity and mortality rates [69]. 
Liver and bile duct cells can be infected by human polyomaviruses. 
Moreover, epithelial thymic tumors were found to contain Merkel cell 
polyomavirus, whereas head and neck carcinomas did not show any 
detection of this virus [70]. In settings where the immune system is 
compromised, JCPyV has the ability to invade the central nervous sys
tem (CNS), leading to the development of various encephalopathies that 
have a significant impact on morbidity and mortality. Progressive 
multifocal leukoencephalopathy (PML), a severe demyelinating brain 
disease caused by JCPyV, was previously associated with AIDS before 
the introduction of antiretroviral therapy. However, it has now “re-e
merged” as a complication of immunomodulating and chemothera
peutic agents. Currently, there are no effective therapeutics available to 
specifically target polyomaviruses. The mechanisms by which a 
depressed immune system allows JCPyV to resurge in the urinary tract, 
how the virus evades pre-existing antiviral antibodies to become 
viremic, and the precise route and entry points into the CNS are not fully 
understood [68]. 

3.5.1. Screening methods used in LMICs 
Polyomaviruses have traditionally been detected and identified 

using serologic methods, virus isolation by cell culturing, and electron 
microscopy [71]. However, PCR has recently emerged as a more effec
tive tool for detecting polyomaviruses in clinical samples [66]. Despite 
its effectiveness, PCR has limitations in routine clinical laboratory 
implementation due to concerns of contamination and cumbersome 
detection methods. Real-time PCR instrumentation, such as the Light
Cycler instrument, has overcome many of these limitations [72]. Some 
real-time PCR assays use the LightCycler instrument to detect and 
characterize polyomaviruses. This assay utilizes fluorescence resonance 
energy transfer (FRET) and two fluorophore-labelled hybridization 
probes for continuous monitoring of amplicon development [73]. 

JC virus (JCV) and BK virus (BKV) have the ability to persist in a 
latent state within the kidneys and can be excreted asymptomatically 
through urine [74]. JCV has been found to be associated with colorectal 
and bladder cancers, while BKV has been linked to lung, pancreas, liver, 
urogenital tract, head, and neck cancers. Hence, it is crucial to assess the 
presence of JCV DNA and BKV DNA in urine samples from healthy in
dividuals in order to determine their frequency [75]. 

3.5.2. Treatment used in LMICs 
Human polyomavirus is known to cause various diseases in humans, 

including progressive multifocal leukoencephalopathy (PML) and BK 
virus-associated nephropathy (BKVN) [76]. Unfortunately, there is 
currently no specific antiviral treatment available for these infections. 
However, certain medications like sirolimus and other mechanistic 
targets of rapamycin inhibitors have demonstrated the ability to directly 
activate latent pathogenic human polyomavirus replication [77]. It is 
important to note that the most effective therapy for PML involves 
reversing the immune-deficient state, as there are no drugs that effec
tively block virus infection without causing toxicity [65]. 

3.5.3. Challenges faced in LMICs 
Human polyomavirus infections, such as progressive multifocal 

leukoencephalopathy (PML) and BK virus-associated nephropathy 
(BKVN), pose a significant health risk in low- and middle-income 
countries (LMICs) [70]. The diagnosis of these infections is chal
lenging due to the absence of specific symptoms and a reliable diag
nostic test. However, the presence of human polyomavirus DNA in 
cerebrospinal fluid or urine samples can serve as a diagnostic indicator 
for PML and BKVN, respectively [70]. Regrettably, there is currently no 
targeted antiviral treatment available for these infections. Nevertheless, 
certain medications like sirolimus and other mechanistic targets of 
rapamycin inhibitors have demonstrated the ability to directly activate 
latent pathogenic human polyomavirus replication [77]. However, the 
most effective therapy for PML remains the reversal of the 
immune-deficient state, as there are no drugs that effectively inhibit 
virus infection without causing toxicity [78]. LMICs face various chal
lenges, including limited access to diagnostic tests, inadequate health
care infrastructure, and a shortage of trained healthcare professionals 
[70]. Nonetheless, ongoing efforts are being made to enhance the 
diagnosis and treatment of human polyomavirus infections in LMICs, 
which involve the development of new diagnostic tests and the training 
of healthcare professionals [70]. 

3.5.4. Future perspective of disease burden 
The clinical performance of point-of-care diagnostic tests (POCTs) 

has been a topic of significant development in recent years, particularly 
in relation to influenza, RSV, and emerging respiratory viruses. As a 
result, healthcare professionals, hospital managers, and laboratory di
rectors must regularly update and reassess their best practices. These 
advancements in diagnostic capabilities may have a profound impact on 
how we identify, document, and communicate respiratory viral in
fections in the future [79]. Furthermore, the expectations of patients and 
healthcare professionals may also change, as patients will likely desire 
information regarding the responsible pathogen and their clinical 
prognosis. To ensure the highest quality of care while managing costs, 
the development of specific antiviral therapies and vaccines will 
necessitate the creation of new diagnostic algorithms. 

In terms of quality of care and clinical management, the future is 
likely to favor portable, CLIA-waived rapid diagnostic tests that can 
provide results within 10–20 min. The clinical utility of these tests, or 
their ability to accurately identify the current cause of a patient’s 
symptoms and differentiate relevant pathogens from bystander patho
gens, will be a key criterion for evaluation [80]. Further research is 
needed to establish correlations between clinical outcomes and labora
tory data. Additionally, the timing of diagnostic testing in relation to a 
patient’s illness will be a crucial consideration. The sensitivity and 
positive predictive value of a diagnostic test depend on factors such as 
specimen quality, virus load (which is typically higher in children and 
early in the course of illness), duration of viral shedding, and the pa
tient’s immune status. Future diagnostic algorithms must take these 
factors into account, as well as the epidemiology of viruses in a given 
season or region. 

In addition to the acknowledged species, there have been reports of 
PyVs genomes that have not yet been classified as species. It is likely that 
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some of these genomes will be assigned as species in the future [81]. 
Biosensors offer a reliable and cost-effective method for detecting spe
cific pathogens in point-of-care settings. Recently, various types of 
sensors have been developed for the rapid identification of respiratory 
viruses. Layqah and Eissa (2019) were able to detect MERS-CoV spike 
protein within 20 min using a gold-coated array of carbon electrodes 
[82]. This electrochemical assay relies on the competitive binding of a 
MERS-CoV antibody to either the virus in the sample or the immobilized 
antigen on the electrode. The reduced peak current through the chip can 
then be measured. In theory, this technique can be expanded to simul
taneously detect multiple viruses, but its diagnostic performance needs 
to be validated using patient samples [82]. Another sensitive technique 
is based on surface plasmon resonance (SPR), where biomolecules 
bound to a metal surface cause a reduction in the reflection of incident 
light [83]. Using a new antibody against a recombinant AIV H7N9, the 
authors in one study achieved a detection limit of a few hundred copies 
per mL nasal fluid within 10 min [84]. Although still in the experimental 
stage, the characteristics of this approach make it a promising candidate 
for future rapid point-of-care testing [84]. 

4. Conclusion 

It is currently estimated that around 15–20 % of cancers worldwide 
can be attributed to viral infections. The medical community has shown 
great interest in studying the impact of DNA tumor viruses in LMICs. The 
literature revealed that approximately 85 % of virus-induced cancers 
occur in developing countries. Different mechanisms are employed by 
oncogenic viruses to induce cancer. However, it is crucial to acknowl
edge that only a minority of individuals who are infected actually 
develop cancer, and this typically occurs after years of chronic infection. 
The viruses most commonly associated with cancer cases are the HPVs, 
particularly in relation to cervical cancer and other epithelial malig
nancies. Additionally, the hepatitis viruses HBV and HCV significantly 
contribute to hepatocellular cancer. Other oncoviruses include EBV, 
KSHV, human T-cell leukemia virus (HTLV-I), and Merkel cell poly
omavirus (MCPyV). The identification of these infectious agents 
responsible for cancer has led to various interventions aimed at reducing 
the risk of developing these diseases. These interventions include pre
ventive vaccines for HBV and HPV, HPV-based testing for cervical 
cancer screening, antiviral treatments for chronic HBV and HCV in
fections, and screening of the blood supply for HBV and HCV. Successful 
efforts in identifying additional oncogenic viruses in human cancer may 
provide further insights into the causes and development of cancer, as 
well as new approaches for prevention and treatment. The impact of 
DNA tumor viruses on LMICs requires a multidisciplinary approach. 
Further research is necessary to gain a deeper understanding of the 
mechanisms behind virus-induced cancers and to develop effective 
prevention and treatment strategies. 
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