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 Abstract   

Cancer remains a major global health challenge, with several human viruses playing a critical role 

in its development. These "tumor viruses" can integrate into the host genome, disrupting genetic 

integrity, inhibiting cell death, and promoting uncontrolled cell growth. This report investigates 

eight key viruses associated with human cancers: Epstein-Barr virus (EBV), Human papillomavirus 

(HPV), Herpesvirus 8 (HHV-8), Hepatitis B virus (HBV), Hepatitis C virus (HCV), Human T-

lymphotropic virus 1 (HTLV-1), Merkel cell polyomavirus (MCV), and Human Immunodeficiency 

virus 1 (HIV-1). Understanding how these viruses contribute to cancer can enhance cancer 

management strategies. Recent advancements, such as preventive vaccines, oncolytic viruses, and 

gene therapy, offer promising avenues for reducing cancer risk and improving patient outcomes. 
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Introduction 

Cancer is a significant global health burden. 

According to GLOBOCAN 2018, cancer is 

expected to cause 9.6 million deaths this year, 

excluding non-melanoma skin cancers, and there 

will be 18.1 million new cancer cases (Bray et al. 

2018). Approximately 1.3 million cases, or 15% of 

all cancers, are attributed to viral infections 

(Plummer et al., 2016). While viral infection is a 

significant factor in cancer development, it often 

requires additional contributing factors. 

Carcinogenesis is influenced by environmental 

and lifestyle factors, genetic predispositions, 

immune responses, chronic inflammation, and 

metabolic changes (Chang, Y., et al. 2017, Moore, 

P. S., & Chang, Y. 2010). Viral proteins and 

immune system responses can disrupt cell 

homeostasis in chronically infected cells. Cancer 

is a genetic disease influenced by how cells grow 

and divide. Mutations can arise from errors 

during cell division, environmental factors like UV 

radiation and smoking, and inherited genetic 

traits (Czene & Hemminki, 2002). Typically, cells 

with DNA damage are eliminated by the body, 

but this ability diminishes with age, increasing 

cancer risk later in life (Hoeijmakers, 2009). 

The International Agency for Research on Cancer 

(IARC) has classified eight human viruses as 

"carcinogenic to humans," including hepatitis B 

virus (HBV), hepatitis C virus (HCV), human 

papillomavirus (HPV), Epstein-Barr virus (EBV), 

human T-cell lymphotropic virus type 1 (HTLV-1), 

Kaposi's sarcoma-associated herpesvirus 

(KSHV/HHV-8), Merkel cell polyomavirus (MCV), 

and human immunodeficiency virus type 1 (HIV-

1) (Javier and Butel, 2008). Viruses, composed of 

protein coats and genetic material (DNA or RNA), 

can sometimes cause cancer through genetic 

mutations, chronic inflammation, disruption of 

normal cell division control, or immune system 
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alterations that hinder the body's ability to 

combat cancer cells (Camil Castelo-Branco, 2013; 

Foster J.E., et al., 2018). These mechanisms may 

lead to cancer by increasing the likelihood of 

genetic mutations or enhancing tissue injury and 

inflammation. 

Viral carcinogenesis theories  

Cancer has been recognized for millennia, with 

early evidence from ancient fossils and Egyptian 

mummies. Initially, the Egyptians attributed 

cancer and other diseases to divine forces, 

reflecting their limited grasp of disease 

mechanisms (Kardinal, C. G., & Yarbro, J. W. 1979). 

The Greek physician Hippocrates (460–370 BCE) 

proposed the humoral theory, suggesting that an 

imbalance of bodily fluids caused cancer. This 

theory dominated over 1,300 years 

(Grammaticos, P. C., & Diamantis, A. 2008). The 

19th century marked a significant shift with the 

advent of the microscope, leading to the cellular 

theory of cancer. Rudolf Virchow, a key figure in 

this period, demonstrated that cancer originates 

from cells (Kardinal, C. G., & Yarbro, J. W. 1979). 

Early theories linking cancer to infections were 

revised as scientific advancements revealed the 

role of viruses. 

In the early 20th century, Vilhelm Ellermann and 

Olaf Bang discovered the avian leukemia virus. At 

the same time, Richard Shope and E. Weston 

Hurst identified that the cottontail rabbit 

papillomavirus (CRPV) could induce skin cancers 

(Javier, R. T., & Butel, J. S. 2008; Shope, R. E., & 

Hurst, E. W. 1933). This period confirmed the 

significance of viruses in cancer causation. 

Further research in the 1960s, including the 

discovery of SV40 in monkey kidney cells, led to 

establishing the U.S. Special Virus Cancer 

Program, emphasizing viral contributions to 

cancer (Sweet, B. H., & Hilleman, M. R. 1960). The 

1965 discovery of Epstein-Barr virus (EBV) in 

Burkitt’s lymphoma cemented EBV's role in 

various human cancers (Butel, 2000). 

Advancements in viral oncogenesis continued 

with the discovery of reverse transcriptase in RNA 

tumor viruses, leading to the provirus hypothesis 

(Temin, 1964). The Nobel Prize-winning work of 

Howard Temin and David Baltimore in 1975 

highlighted the role of reverse transcriptase, 

deepening our understanding of viral 

contributions to cancer (Huebner, R. J., & Todaro, 

G. J., 1969). Current research continues to explore 

the complex interactions between viruses and 

cancer, uncovering new viral oncogenes and 

mechanisms of tumor formation. 

The role of viruses in cancer development 

In the early 20th century, high cancer rates in 

certain professions led to the belief that synthetic 

substances were the primary cause. However, 

since the 1980s, research has shown that viruses 

significantly contribute to cancer development. 

Viruses cause cancer through both direct and 

indirect mechanisms. Directly, viral oncoproteins 

can disrupt tumor suppressor pathways (e.g., 

pRb, p53) or activate oncogenic pathways (e.g., 

Ras, Myc), resulting in cancer. Indirectly, viruses 

may induce immunosuppression or chronic 

inflammation, altering the tissue environment 

and promoting cancer progression (Ciccia, A., & 

Elledge, S. J. 2010; Moore, P. S., & Chang, Y. 2010). 

Carcinogenic viruses affect cells in various ways. 

Direct transformation involves viruses expressing 

oncogenes that alter infected cells, often leading 

to monoclonal tumors. Retroviruses integrate 

into the host's DNA, potentially downregulating 

cellular oncogenes or tumor suppressor genes 

through insertional mutagenesis. Conversely, 

Epstein-Barr Virus (EBV) can transform cells 

without integration by expressing its oncogenes. 

Viruses can persist as episomes or integrate into 

host DNA, as seen with retroviruses and the 

hepatitis B virus. Indirectly, viruses like HIV 

contribute to cancer by causing chronic 

inflammation, attracting immune cells, and 

causing ongoing tissue damage, which increases 

susceptibility to EBV-associated lymphomas. 

Cancer-causing viruses generally fall into two 

categories: those causing chronic inflammation 

(e.g., HBV and HCV, leading to hepatocellular 

carcinoma) and those causing 

immunosuppression (e.g., HIV, linked to 

lymphomas). Cancer development involves 

initiation through genetic damage, promotion of 

cell growth, malignant conversion to a cancerous 

state, and progression involving genetic changes 

and metastasis (Reddy, A. L., & Fialkow, P. J. 1983; 

Verma, A. K., & Boutwell, R. K. 1980; Yuspa, S. H., 

& Poirier, M. C. 1988; Jones, P. A., & Baylin, S. B. 
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2002; Loeb, L. A., & Cheng, K. C. 1990; Lengauer, 

C. et al. 1988). 

Key viruses linked to cancer  

Epstein-Barr Virus (EBV). EBV is the first identified 

human tumor virus discovered by Tony Epstein 

and Yvonne Barr in cells from endemic Burkitt's 

lymphoma. It is linked to Burkitt's lymphoma, 

Hodgkin lymphoma, and nasopharyngeal 

carcinoma (NPC). EBV infects over 90% of people 

worldwide, primarily through saliva but also 

through blood, semen, and intimate contact 

(Dunmire S. K. et al., 2018; Gessese, T., Asrie, F., & 

Mulatie, Z., 2023). EBV infection raises the risk of 

several lymphomas, including Burkitt's and HIV-

associated lymphomas. There is currently no 

vaccine for EBV. 

Human Papillomavirus (HPV). HPV comprises 

over a hundred strains, with some causing warts 

and others linked to genital cancers. Most genital 

HPV types are benign, but strains like HPV-16 and 

HPV-18 can lead to cervical dysplasia and cancer 

if left untreated (Nunes E. M., et al., 2018). HPV is 

spread through skin-to-skin contact and is 

responsible for 70% of cervical cancer cases (Soe, 

N. N., et al., 2018; Araldi, R. P., et al., 2018). The 

HPV vaccine prevents 70–80% of these cancers 

and is available up to age 45. 

Herpesvirus-8 (HHV-8). HHV-8, also known as 

Kaposi sarcoma-associated herpesvirus, primarily 

causes Kaposi sarcoma and is more prevalent in 

HIV-infected individuals. It spreads through 

saliva, sexual contact, and blood transfusions. 

There are ongoing trials for drugs targeting HHV-

8-related disorders (Leão, J. C., et al. 2002; 

Ablashi, D. V., et al. 2002). 

Hepatitis B Virus (HBV) and Hepatitis C Virus 

(HCV). Both HBV and HCV can lead to 

hepatocellular carcinoma (HCC), with HBV 

causing direct genomic integration and HCV 

leading to chronic liver damage and cirrhosis. 

HCV primarily spreads through blood contact and 

lacks a vaccine, though it can be treated 

effectively (Chen et al., 2006). 

Human T-Lymphotropic Virus-1 (HTLV-1). HTLV-

1, a retrovirus, affects 5-10 million people globally 

and can lead to aggressive T-cell leukemia or 

lymphoma in 1-5% of infected individuals. It 

spreads through blood, sexual contact, and from 

mother to child (Radygina, L. V., & Mochalova, L. 

V., 2024). 

Merkel Cell Polyomavirus (MCV). MCV is linked to 

Merkel cell carcinoma, a rare but aggressive skin 

cancer. Transmission likely occurs through skin 

contact or contaminated surfaces. There are no 

vaccines for MCV, though Merkel cell carcinoma 

is treatable if detected early (Liu, W., et al., 2016; 

Becker, J. C., et al., 2017). 

Human Immunodeficiency Virus-1 (HIV). HIV, 

causing acquired immunodeficiency syndrome 

(AIDS), attacks T cells, weakening the immune 

system and increasing the risk of various cancers, 

including lymphomas, Kaposi's sarcoma, and 

cancers of the mouth and throat. HIV is spread 

through body fluids and from mother to child. 

While there is no cure, it can be managed with 

medication (German Advisory Committee, 2016). 

Emerging approaches in cancer control 

Vaccination represents a promising method for 

cancer prevention by targeting cancer-causing 

viruses. Preventive vaccines have successfully 

reduced diseases like smallpox and polio, 

suggesting similar benefits could be achieved for 

oncoviruses (Schiller, J. T., & Lowy, D. R. 2010). 

Although no licensed therapeutic cancer vaccines 

exist, targeting persistent viral infections and 

premalignant lesions, especially those expressing 

viral oncogenes, could be effective (Mesri et al., 

2014). Vaccination is particularly impactful in low-

resource settings, where infectious agents 

contribute significantly to cancer rates (De Flora, 

S., & Bonanni, P., 2011). However, the long latency 

between viral infection and cancer can delay 

vaccine benefits (Trovato et al., 2020). Oncolytic 

viruses, engineered to destroy cancer cells, treat 

specific cancers, like skin cancer. Recent 

advancements show that novel oncolytic viruses 

target cancer cells and enhance immune 

responses within tumors (Gonzalez et al., 2018). 

These dual-function viruses have proven more 

effective in reducing melanoma tumors in mice 

than standard oncolytic viruses (Kaufman et al., 

2015). 

Immunotherapy, aimed at boosting the immune 

system to fight cancer, includes various strategies 

that enhance the immune system’s ability to 

identify and destroy cancer cells (Bondhopadhyay 
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et al., 2020). Emerging immunotherapies are 

expected to significantly advance cancer 

treatment. Gene therapy, involving the 

modification of genes to treat cancer, can 

enhance the body's ability to target and destroy 

damaged cells (Das et al., 2015). For oncoviruses, 

gene therapy may address viral mechanics or 

genetic susceptibility markers. Preventive 

measures, including lifestyle changes, regular 

screening, and vaccinations, can reduce cancer 

risk by up to 50% and improve early detection 

and treatment outcomes (Qiang Ma et al., 2022). 

Conclusion and recommendations  

In conclusion, the global cancer burden remains 

substantial, with viral infections contributing to 

approximately 15% of all cancer cases. Historical 

and modern research has confirmed the role of 

several key viruses in cancer development, 

including HPV, HBV, and EBV. While these 

findings underscore the importance of viral 

contributions to cancer, they also highlight the 

complexity of carcinogenesis, which involves a 

combination of viral, environmental, and genetic 

factors. Emerging approaches in cancer control 

offer hope for significant advancements. 

Preventive vaccines, such as those for HPV and 

HBV, have shown promise in reducing cancer 

incidence. Oncolytic viruses and 

immunotherapies advance cancer treatment by 

targeting tumor cells and boosting the immune 

response. Gene therapies also represent a 

promising frontier, aiming to address viral 

mechanisms and genetic vulnerabilities. Overall, 

integrating preventive strategies, cutting-edge 

treatments, and lifestyle modifications holds the 

potential to significantly reduce cancer risk and 

improve patient outcomes globally. 

Acknowledgement 

This work was supported by the Universiti Sains 

Malaysia, Research University Team (RUTeam) 

Grant Scheme with Project No: 

1001/CIPPT/8580052, Project Code: TE0028 

(Reference No: 2022/0495). 

References 

1. Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. 

L., Torre, L. A., & Jemal, A. (2018). Global 

cancer statistics 2018: GLOBOCAN estimates 

of incidence and mortality worldwide for 36 

cancers in 185 countries. CA: a cancer journal 

for clinicians, 68(6), 394–424. 

https://doi.org/10.3322/caac.21492 

2. Plummer, M., de Martel, C., Vignat, J., Ferlay, 

J., Bray, F., & Franceschi, S. (2016). Global 

burden of cancers attributable to infections in 

2012: a synthetic analysis. The Lancet.

 Global health, 4(9), e609–e616. 

https://doi.org/10.1016/S2214-

109X(16)30143-7 

3. Moore, P. S., & Chang, Y. (2010). Why do 

viruses cause cancer? Highlights of the first 

century of human tumour virology. Nature 

reviews cancer, 10(12), 878-889. 

4. Chang, Y., Moore, P. S., & Weiss, R. A. (2017). 

Human oncogenic viruses: nature and 

discovery. Philosophical transactions of the 

Royal Society of London. Series B, Biological 

sciences, 372(1732), 20160264. 

5. Czene, K., & Hemminki, K. (2002). Kidney 

cancer in the Swedish Family Cancer 

Database: familial risks and second primary 

malignancies. Kidney international, 61(5), 

1806-1813. 

6. Hoeijmakers, J. H. (2009). DNA damage, 

aging, and cancer. New England Journal of 

Medicine, 361(15), 1475-1485. 

7. Javier, R. T., & Butel, J. S. (2008). The history 

of tumor virology. Cancer research, 68(19), 

7693–7706. https://doi.org/10.1158/0008-

5472.CAN-08-3301 

8. Camil Castelo-Branco & Iris Soveral (2014) 

The immune system and aging: a review, 

Gynecological Endocrinology, 30:1, 16-22, 

DOI: 10.3109/09513590.2013.852531 

9. Foster, J. E., Mendoza, J. A., & Seetahal, J. 

(2018). Viruses as pathogens: animal viruses, 

with emphasis on human viruses. Viruses: 

Molecular Biology, Host Interactions, and 

Applications to Biotechnology, 157. 

10. Kardinal, C. G., & Yarbro, J. W. (1979). A 

conceptual history of cancer. Seminars in 

oncology, 6(4), 396–408. 

11. Grammaticos, P. C., & Diamantis, A. (2008). 

Useful known and unknown views of the 

https://doi.org/10.3322/caac.21492
https://doi.org/10.1158/0008-5472.CAN-08-3301
https://doi.org/10.1158/0008-5472.CAN-08-3301


 

Malaysian Journal of Human Genetics (MJHG) | Vol. 4 (2) December 2023 

 

 

© 2025 Malaysian Node of the Human Variome Project | ISSN (Online): 2716-649X  Page 5 of 6 

 

father of modern medicine, Hippocrates and 

his teacher Democritus. Hell J Nucl Med, 

11(1), 2-4. 

12. Shope, R. E., & Hurst, E. W. (1933). Infectious 

papillomatosis of rabbits: with a note on the 

histopathology. The Journal of experimental 

medicine, 58(5), 607-624. 

13. Sweet, B. H., & Hilleman, M. R. (1960). The 

vacuolating virus, SV 40. Proceedings of the 

Society for Experimental Biology and 

Medicine, 105(2), 420-427. 

14. Butel, J. S. (2000). Viral carcinogenesis: 

revelation of molecular mechanisms and 

etiology of human disease. Carcinogenesis, 

21(3), 405-426. 

15. Temin, H. M. (1964). The participation of DNA 

in Rofs sarcoma virus production.Virology, 

23(4), 486-494. 

16. Huebner, R. J., & Todaro, G. J. (1969). 

Oncogenes of RNA tumor viruses as 

determinants of cancer. Proceedings of the 

National Academy of Sciences, 64(3), 1087-

1094. 

17. Ciccia, A., & Elledge, S. J. (2010). The DNA 

damage response: making it safe to play with 

knives. Molecular cell, 40(2), 179-204. 

18. Reddy, A. L., & Fialkow, P. J. (1983). 

Papillomas induced by initiation–promotion 

differ from those induced by carcinogen 

alone. Nature, 304(5921), 69-71. 

19. Jones, P. A., & Baylin, S. B. (2002). The 

fundamental role of epigenetic events in 

cancer.Nature reviews genetics, 3(6), 415-

428. 

20. Verma, A. K., & Boutwell, R. K. (1980). Effects 

of dose and duration of treatment with the 

tumor-promoting agent, 12-O-

tetradecanoylphorbol-13-acetate on mouse 

skin carcinogenesis. Carcinogenesis, 1(3), 

271-276. 

21. Yuspa, S. H., & Poirier, M. C. (1988). Chemical 

carcinogenesis: from animal models to 

molecular models in one decade. Advances in 

cancer research, 50, 25-70. 

22. Loeb, L. A., & Cheng, K. C. (1990). Errors in 

DNA synthesis: a source of spontaneous 

mutations. Mutation Research/Reviews in 

Genetic Toxicology, 238(3), 297-304. 

23. Lengauer, C., Kinzler, K. W., & Vogelstein, B. 

(1998). Genetic instabilities in human cancers. 

Nature, 396(6712), 643-649. 

24. Nunes, E. M., Talpe-Nunes, V., & Sichero, L. 

(2018). Epidemiology and biology of 

cutaneous human papillomavirus. Clinics, 73. 

25. Dunmire, S. K., Verghese, P. S., & Balfour Jr, H. 

H. (2018). Primary epstein-barr virus 

infection. Journal of Clinical Virology, 102, 84-

92. 

26. Soe, N. N., Ong, J. J., Ma, X., Fairley, C. K., Latt, 

P. M., Jing, J., ... & Zhang, L. (2018). Should 

human papillomavirus vaccination target 

women over age 26, heterosexual men and 

men who have sex with men? A targeted 

literature review of cost-effectiveness. 

Human vaccines & immunotherapeutics, 

14(12), 3010- 3018. 

27. German Advisory Committee Blood 

,Subgroup ‘Assessment of Pathogens 

Transmissible by Blood’ (2016). Human 

Immunodeficiency Virus (HIV). Transfusion 

medicine and hemotherapy : offizielles Organ 

der Deutschen Gesellschaft fur 

Transfusionsmedizin und 

Immunhamatologie, 43(3), 203–222. 

https://doi.org/10.1159/000445852 

28. De Flora, S., & Bonanni, P. (2011). The 

prevention of infection-associated cancers. 

Carcinogenesis, 32(6), 787–795. 

https://doi.org/10.1093/carcin/bgr054 

29. Schiller, J. T., & Lowy, D. R. (2010). Vaccines to 

prevent infections by oncoviruses. Annual

 review of microbiology, 64,

 23–41. 

https://doi.org/10.1146/annurev.micro.1124

08.134019 

30. Mesri, E. A., Feitelson, M. A., & Munger, K. 

(2014). Human viral oncogenesis: a cancer 

hallmarks analysis. Cell host & microbe, 15(3), 

266–282. 

https://doi.org/10.1016/j.chom.2014.02.011 

https://doi.org/10.1159/000445852
https://doi.org/10.1093/carcin/bgr054
https://doi.org/10.1146/annurev.micro.112408.134019
https://doi.org/10.1146/annurev.micro.112408.134019
https://doi.org/10.1016/j.chom.2014.02.011


 

Malaysian Journal of Human Genetics (MJHG) | Vol. 4 (2) December 2023 

 

 

© 2025 Malaysian Node of the Human Variome Project | ISSN (Online): 2716-649X  Page 6 of 6 

 

31. Chen, S. L., & Morgan, T. R. (2006). The natural 

history of hepatitis C virus (HCV) infection. 

International journal of medical sciences, 

3(2), 47–52. https://doi.org/10.7150/ijms.3.47 

32. Gonzalez, H., Hagerling, C., & Werb, Z. (2018). 

Roles of the immune system in cancer: from 

tumor initiation to metastatic progression. 

Genes & development, 32(19-20), 1267–

1284. 

https://doi.org/10.1101/gad.314617.118 

33. Kaufman, H. L., Kohlhapp, F. J., & Zloza, A. 

(2015). Oncolytic viruses: a new class of 

immunotherapy drugs. Nature reviews. Drug 

discovery, 14(9), 642–662. 

https://doi.org/10.1038/nrd4663 

34. Trovato, M., Sartorius, R., D'Apice, L., Manco, 

R., & De Berardinis, P. (2020). Viral Emerging 

Diseases: Challenges in Developing 

Vaccination Strategies. Frontiers in 

immunology, 11, 2130. 

https://doi.org/10.3389/fimmu.2020.02130 

35. Bondhopadhyay, B., Sisodiya, S., Chikara, A., 

Khan, A., Tanwar, P., Afroze, D., Singh, N., 

Agrawal, U., Mehrotra, R., & Hussain, S. 

(2020). Cancer immunotherapy: a promising 

dawn in cancer research. American journal of 

blood research, 10(6), 375–385.  

36. Das, S. K., Menezes, M. E., Bhatia, S., Wang, X. 

Y., Emdad, L., Sarkar, D., & Fisher, P. B. (2015). 

Gene Therapies for Cancer: Strategies, 

Challenges and Successes. Journal of cellular

 physiology, 230(2), 259–271. 

https://doi.org/10.1002/jcp.24791 

37. Qiang Ma, Z., C. Richardson, L. (2022). Cancer 

screening prevalence and associated factors 

among US adults. Centers for Disease Control 

and Prevention. 

https://www.cdc.gov/pcd/issues/2022/22_00

63.htm 

38. Liu, W., MacDonald, M., & You, J. (2016). 

Merkel cell polyomavirus infection and 

Merkel cell carcinoma. Current opinion in 

virology, 20, 20–27. 

https://doi.org/10.1016/j.coviro.2016.07.011 

39. Gessese, T., Asrie, F., & Mulatie, Z. (2023). 

Human Immunodeficiency Virus Related 

Non-Hodgkin's Lymphoma. Blood and 

lymphatic cancer : targets and therapy, 13, 

13–24. 

https://doi.org/10.2147/BLCTT.S407086 

40. Araldi, R. P., Sant’Ana, T. A., Módolo, D. G., de 

Melo, T. C., Spadacci-Morena, D. D., de Cassia 

Stocco, R., ... & de Souza, E. B. (2018). The 

human papillomavirus (HPV)-related cancer 

biology: An overview. Biomedicine & 

pharmacotherapy, 106, 1537-1556 

41. Becker, J. C., Stang, A., DeCaprio, J. A., Cerroni, 

L., Lebbé, C., Veness, M., & Nghiem, P.(2017).

 Merkel cell carcinoma. Nature

 reviews. Disease 

primers.https://www.ncbi.nlm.nih.gov/pmc/a

rticles/PMC6054450/ 

42. Leão, J. C., Caterino-de-Araújo, A., Porter, S. 

R., & Scully, C. (2002). Human herpesvirus 8 

(HHV-8) and the etiopathogenesis of 

Kaposi's sarcoma. Revista do Hospital das 

Clínicas, 57, 175-186. 

43. Ablashi, D. V., Chatlynne, L. G., Whitman Jr, J. 

E., & Cesarman, E. (2002). Spectrum of 

Kaposi's sarcoma-associated herpesvirus, or 

human herpesvirus 8, diseases. Clinical 

microbiology reviews, 15(3), 439-464. 

44. Radygina, L. V., & Mochalova, L. V. (2024). 

Diseases caused by human T-lymphotropic 

virus type 1 (HTLV-1). Microbiology 

Independent Research Journal (MIR 

Journal), 11(1), 57-69. 

 

https://doi.org/10.7150/ijms.3.47
https://doi.org/10.1002/jcp.24791
http://www.cdc.gov/pcd/issues/2022/22_0063.htm
http://www.cdc.gov/pcd/issues/2022/22_0063.htm
https://doi.org/10.1016/j.coviro.2016.07.011
https://doi.org/10.2147/BLCTT.S407086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6054450/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6054450/

