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Source: 1. https://www.cancer.gov/about-cancer/causes-prevention/risk/infectious-agents, 2022; 2. Vandeven N, Nghiem P. Pathogen-driven cancers and 
emerging immune therapeutic strategies. Cancer Immunol Res. 2014 Jan;2(1):9-14; 3. Emerging Infectious Diseases. Vol. 4 No. 3 / Jul. – Sept.1998: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2640277/pdf/9716980.pdf ; 4. https://www.frontiersin.org/articles/10.3389/fmicb.2018.00081/full#B37; 
5. https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.80737-0; 6. https://www.cancer.org/healthy/cancer-causes/infectious-
agents/infections-that-can-lead-to-cancer/intro.html

“It is estimated 
that about 20% of 
human cancer 
cases worldwide 
are caused by 
infection with 
bacteria, 
parasites or 
viruses“4

A growing body of research suggests that a number 
of viruses, bacteria, and parasites cause cancer in humans

https://www.cancer.gov/about-cancer/causes-prevention/risk/infectious-agents
https://www.frontiersin.org/articles/10.3389/fmicb.2018.00081/full#B37
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.80737-0
https://www.cancer.org/healthy/cancer-causes/infectious-agents/infections-that-can-lead-to-cancer/intro.html
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What cancers have pathogens been associated with?

Part 1:
► Breast cancer 

► Blood cancers

► Monoclonal Gammopathy

► Glioblastoma

► Prostate

Part 2:
► Lung

► Colorectal/gastric/oesophageal cancer

► Cervical cancer

Selection
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Professor Sapi gave us incredible insights into the possible 
links between Borrelia and breast cancer 2 weeks ago

https://aonm.org/view-past-webinars/

Breast

https://aonm.org/view-past-webinars/
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British Journal of Cancer 2011: EBV “a marker of 
biological aggressiveness in breast cancer”

“EBV DNA was present in 65 of 
the 196 (33.2%) cases studied. 
EBV-positive BCs tended to be 
tumours with a more aggressive 
phenotype, more frequently 
oestrogen receptor negative (P ¼ 
0.05) and with high histological 
grade (P ¼ 0.01). Overexpression 
of thymidine kinase activity was 
higher in EBV-infected BC (P ¼ 
0.007). The presence of EBV was 
weakly associated with HER2 
gene amplification (P ¼ 0.08)”

“CONCLUSION: Our study 
provides evidence for EBV-
associated BC undergoing distinct 
carcinogenic processes, with 
more aggressive features.”

Source: Mazouni C, Fina F, Romain S, Ouafik L, Bonnier P, Brandone JM, Martin PM. Epstein-Barr virus as a marker of biological aggressiveness in 
breast cancer. Br J Cancer. 2011 Jan 18;104(2):332-7.

Breast
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A 2012 study showed a statistical association of EBV 
with increased breast carcinoma risk after analysis of 
1,535 cases

“This meta-analysis 
showed a significant 
increase in breast 
malignancy risk in patients 
testing positive for the 
Epstein-Barr virus (OR = 
6.29, 95% CI = 2.13–18.59). 
This result suggests that an 
Epstein-Barr virus infection 
is statistically associated 
with increased breast 
carcinoma risk.”

Breast
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Breast cancer and EBV: Multiple peer-reviewed 
studies

• Arbach H et al. (2006) Epstein-Barr virus (EBV) genome and expression in breast cancer tissue: effect of EBV 
infection of breast cancer cells on resistance to paclitaxel (Taxol). J Virol 80: 845 - 853

• Bonnet M et al. (1999) Detection of Epstein-Barr virus in invasive breast cancers. J Natl Cancer Inst 91: 1376 - 1381
• Brink AA et al. (2000) Re: detection of Epstein Barr virus in invasive breast cancers. J Natl Cancer Inst 92: 655 - 656
• Cox B et al. (2010) Breast cancer, cytomegalovirus and Epstein-Barr virus: a nested case-control study. Br J Cancer

102: 1665 – 1669
• Huang J et al. (2003) Lytic viral replication as a contributor to the detection of Epstein-Barr virus in breast cancer.

J Virol 77: 13267 - 13274
• Huo Q, Zhang N, Yang Q. Epstein-Barr virus infection and sporadic breast cancer risk: a meta-analysis. PLoS One.

2012;7(2):e31656.
• Joshi D et al. (2009) Association of Epstein Barr virus infection (EBV) with breast cancer in rural Indian women.

PLoS One 4: e8180
• Labrecque LG et al. (1995) Epstein-Barr virus in epithelial cell tumors: a breast cancer study. Cancer Res 55: 39 - 45
• Luqmani Y, Shousha S (1995) Presence of Epstein-Barr virus in breast carcinoma. Int J Oncol 6: 899 - 903
• Mazouni C et al. (2011) Epstein-Barr virus as a marker of biological aggressiveness in breast cancer. Br J Cancer.

104(2):332-7
• McCall SA et al. (2001) Epstein-Barr virus detection in ductal carcinoma of the breast. J Natl Cancer Inst 93: 148 - 150   
• Perkins RS et al. (2006) Analysis of Epstein-Barr virus reservoirs in paired blood and breast cancer primary biopsy

specimens by real time PCR. Breast Cancer Res 8: R70
• Preciado MV et al. (2005) Epstein-Barr virus in breast carcinoma in Argentina. Arch Pathol Lab Med 129: 377 - 381
• Trabelsi A et al. (2008) Detection of Epstein-Barr virus in breast cancers with lymphoid stroma. 

Ann Biol Clin 66: 59 - 62
• Yasui Y et al. (2001) Breast cancer risk and ‘delayed’ primary Epstein-Barr virus infection. Cancer Epidemiol

Biomarkers Prev 10: 9 - 16

Selection
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2019 review: increased expression of CMV gene products 
found to correlate with a more aggressive BC phenotype

“… recent evidence shows that human 
cytomegalovirus (HCMV) gene products are 
found in >90% of tumors and metastases of 
breast cancers, and their increased 
expression can be correlated to a more 
aggressive breast cancer phenotype.”

2019 review

Breast

HCMV expression was .. evident in 
neoplastic breast epithelium in a high 
percentage of normal and neoplastic 
breast tissues obtained from breast 
cancer patients, raising the possibility 
that viral infection may be involved in 
the neoplastic process
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Mycoplasma found to be positive in almost 40% of 
breast cancer cases (2001 study)

Mycoplasma infection was found to be 
positive in 39.7% of breast cancer cases 
via immunohistochemistry assays 
(25/63)

Breast
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Bartonella-infected endothelium may contribute to 
initiating inflammatory breast cancer and rapid spread

Source:  Cancer Res 2012;72(24 Suppl):Abstract no. P3-10-03.

“An acute inflammatory 
reaction triggered by the 
Bartonella infected 
endothelium may be 
crucial for initiating the 
chronic inflammation in 
inflammatory breast 
cancer patients and the 
rapid spread of tumor
cells.”

Breast
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What cancers have pathogens been associated with?

► Breast cancer 

► Blood cancers: Lymphoma (Burkitt’s, Hodgkin’s 

and Non-Hodgkin’s, mantle cell, B-cell),
myelodysplastic syndrome and leukaemia (both
acute lymphoblastic and chronic lymphocytic
leukaemia: ALL & CLL)   

► Monoclonal Gammopathy

► Glioblastoma

► Prostate

Selection
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Link of EBV to lymphoma was discovered by Burkitt in 
the 1950s

Source: https://pubmed.ncbi.nlm.nih.gov/34203649/
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EBV is associated with various human 
haematological neoplasias

Epstein-Barr virus (EBV) is a 
tumorigenic herpes virus which is 
associated with several human 
haematologic neoplasias such as 
Burkitt’s lymphoma, Hodgkin’s disease, 
and posttransplantation
lymphoproliferative disease (PTLD)

Source: Ramesh G et al. Interaction of the Lyme Disease Spirochete Borrelia burgdorferi with Brain Parenchyma Elicits Inflammatory Mediators from Glial Cells 
as Well as Glial and Neuronal Apoptosis. Am J Pathol. 2008 Nov; 173(5): 1415–1427

Blood cancers

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570132/
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Blood cancers and EBV: Seminal research at the 
University of Sussex – important genetic implications

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005034/pdf/elife-18270.pdf

Epstein-Barr virus (EBV) is 
associated with the 
development of numerous 
lymphomas including Burkitt’s 
(BL), post-transplant, Hodgkin’s 
and certain NK and T-cell 
lymphomas

Professor West said: “This is 
a key step towards 
uncovering how this 
common virus which, affects 
thousands of people every 
year, causes blood cancer.”

Blood cancers
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Patients with Hodgkin‘s disease have greatly 
increased cells with HHV-6 DNA

Source: Krueger et al. Human herpesvirus-6 (HHV-6) in Hodgkin's disease: cellular expression of viral antigens as compared to oncogenes met and fes, tumor
suppressor gene product p53, and interleukins 2 and 6. In Vivo. 1994 Jul-Aug;8(4):501-16

“Patients with Hodgkin's 
disease (HD) frequently 
show elevated serum titers
against human herpersvirus-
6 (HHV-6) and their tissues 
contain significantly 
increased numbers of cells 
with HHV-6 DNA.”

Blood cancers

https://www.ncbi.nlm.nih.gov/pubmed/7893977
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Association betwen Borrelia and non-Hodgkin‘s/
mantle cell lymphoma

“Our observations suggest a 
previously unreported 
association between
B burgdorferi infection and risk 
of mantle cell lymphoma.”

“Schoellkopf et al conducted a Danish-
Swedish case-control study of 3,055 
patients with non-Hodgkin’s lymphoma 
and 3,187 population controls to evaluate 
the association of lymphoma subtypes 
with Borrelia burgdorferi. Self-reported 
history of B burgdorferi infection (OR = 
2.5) and seropositivity for anti-Borrelia 
antibodies (OR – 3.6) were both found to 
increase the risk of mantle cell 
lymphoma” 
Epidemiology of Chronic Disease: Global 
Perspectives (book), Randall E. Harris MD PhD, 
2013. 

“Moreover, regression of 
lymphomas upon 
treatment of the Borrelia 
infection has also been 
reported”

Blood cancers
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Babesia and B-cell lymphoma

The majority of patients with 
Babesiosis in a 2008 case 
study had underlying B-cell 
lymphoma1

Blood cancers

Source: 1. Krause PJ, Gewurz BE, Hill D, et al. Persistent and relapsing babesiosis in immunocompromised patients. Clin Infect 
Dis. 2008; 46(3):370–6. 
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Ehrlichia/Anaplasma associated with 
myelodysplastic disease and leukaemia

“It is further hypothesized, 
moreover, that treatment of 
leukaemia with antibiotics 
effective against EA would 
also result in beneficial 
impact. This has been tried. 
The results, cited below, hint 
at proof of EA infection as a 
cause of leukaemia as well 
as a potentially important 
course of treatment.”

“Recent studies of the 
activity of EA 
[Ehrlichia/Anaplasma] 
suggest direct effects on the 
immune system consistent 
with the manifestations of 
leukaemia”

Blood cancers
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Coxiella lymphadenitis may lead to lymphomagenesis 
and then to Non-Hodgkin’s Lymphoma

Source: https://ashpublications.org/blood/article/127/1/113/34853/B-cell-non-Hodgkin-lymphoma-linked-to-Coxiella; https://academic.oup.com/cid/article-
abstract/20/3/489/321561?redirectedFrom=fulltext

Coxiella: An intracellular bacterium that typically resides 
in macrophages. Ticks are the most common reservoir for
C burnetii , and most human infections are transmitted 
from farm animals, such as cows, sheep, or goats.

“… we have identified a transcriptomic signature from 
PBMC of patients with C. burnetii-associated 
lymphoma that consists of the overexpression of 
several genes including MIR17HG, REL and SP100. 
Patients with C. burnetii lymphadenitis presented 
high level of BCL2 mRNA in blood, shared a similar 
transcriptomic signature with patients infected with 
C. burnetii and were diagnosed with lymphoma. This 
argues in favor of the hypothesis that C. burnetii
lymphadenitis may facilitate subsequent 
lymphomagenesis leading to NHL.”

Blood cancers

https://ashpublications.org/blood/article/127/1/113/34853/B-cell-non-Hodgkin-lymphoma-linked-to-Coxiella
https://academic.oup.com/cid/article-abstract/20/3/489/321561?redirectedFrom=fulltext
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“Children treated for acute leukaemia ... at risk of severe 
Varicella Zoster Virus“

Source: Patel SR, Bate J, Maple PA, Brown K, Breuer J, Heath PT. Varicella zoster immune status in children treated for acute leukemia. Pediatr Blood Cancer. 
2014 Nov;61(11):2077-9.

Blood cancers

“VZV is lymphotropic (for CD4 and CD8 lymphocytes) and also 
induces production of cytotoxic T cells that recognize and 
destroy virus-infected cells [1]. Varicella in lymphopenic
individuals, however, can result in severe disease”
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Chronic lymphocytic leukaemia is highly sensitive to 
infection by HSV1

Source: Higgins JP, Warnke RA. Herpes lymphadenitis in association with chronic lymphocytic leukemia. Cancer. 1999 Oct 1;86(7):1210-5; 
https://pubmed.ncbi.nlm.nih.gov/10506706/; Eling DJ, Johnson PA, Sharma S, Tufaro F, Kipps TJ. Chronic lymphocytic leukemia B cells are highly sensitive to infection by 
herpes simplex virus-1 via herpesvirus-entry-mediator A. Gene Ther. 2000 Jul;7(14):1210-6.https://pubmed.ncbi.nlm.nih.gov/10918489/

Blood cancers

There are reports of Herpes Simplex 
Virus masquerading as Chronic 
Lymphocytic Leukaemia

https://pubmed.ncbi.nlm.nih.gov/10506706/
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What cancers have pathogens been associated with?

► Breast cancer 

► Blood cancers

► Monoclonal Gammopathy (MGUS)

► Glioblastoma

► Prostate

Selection



24
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Bartonella and MGUS (Monoclonal Gammopathy of 
Undetermined Significance)

“This correlation 
suggests a causative 
role for B. quintana for 
the monoclonal 
gammopathy.”

“The gammopathy 
disappeared after 
8 months of antibiotics”

Source: Am J Hematol. 2006 Feb;81(2):115-7

MGUS

https://www.ncbi.nlm.nih.gov/pubmed/16432867
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What cancers have pathogens been associated with?
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► Monoclonal Gammopathy
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Borrelia in Glioblastoma Multiformae

Source: Alan MacDonald, M.D., FCAP, Copyright, Jan. 2016, https://durayresearch.files.wordpress.com/2016/01/
report-for-gbm-cases-five-with-fish-probes.pdf; https://www.lymeneteurope.org/forum/viewtopic.php?t=6048

Glioblastoma Multiformae Brain Biopsies -
Formalin fixed- with Immunohistochemical Full 
Panel evaluation and Confirmation of Diagnosis by 
neuropathologist- ---
Images (3 per case) of FISH DNA probe for 
detection of Burgdorferi Borrelia DNA with 
DNA probes specific for gene of Inner cell 
membrane of Burgdorferi Borrelia Gene 
bbo 0740- Validated DNA probe and all Controls 
acceptable 
Alan MacDonald, M.D., FCAP, Copyright, year 2016 January, all 
rights reserved

“In the case of neurons, glial cells and Borrelia, there is evidence from co-incubation of cells in tissue 
culture with living Borrelia in pure cultures that Borrelia first binds to the tissue cultured cells, and then, 
stepwise, inserts the entire spirochete into the cytoplasm and then into the nucleus of glial cells. 
Liposomes from Borrelia's outer surface membrane contain DNA. Transmission electron micrographs 
have imaged the transit of Borrelia liposomes from the external cellular milieu, to penetrate the 
cytoplasm of eukaryotic cells, and next to penetrate the nucleus.”

Glioblastoma

https://durayresearch.files.wordpress.com/2016/01/report-for-gbm-cases-five-with-fish-probes.pdf
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“In Glioblastoma patients, Cytomegalovirus activity is 
higher than in healthy controls”

Source: Rahbar A, Peredo I, Solberg NW, Taher C, Dzabic M, Xu X, Skarman P, Fornara O, Tammik C, Yaiw K, Wilhelmi V, Assinger A, Stragliotto G, Söderberg-Naucler C. 
Discordant humoral and cellular immune responses to Cytomegalovirus (CMV) in glioblastoma patients whose tumors are positive for CMV. Oncoimmunology. 2015 Feb 
25;4(2):e982391.https://pubmed.ncbi.nlm.nih.gov/25949880/

“Emerging evidence suggests that 
human Cytomegalovirus (HCMV) is 
present in 90–100% of GBMs and that 
add-on antiviral treatment for HCMV 
shows promise to improve survival.”

“… there is sufficient evidence to conclude that HCMV 
could modulate the malignant phenotype in 
glioblastomas by interacting with key signaling
pathways”

Glioblastoma
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Glioblastoma and Toxoplasmosis, Cancer 
Epidemiology 2021

Source: https://onlinelibrary.wiley.com/doi/10.1002/ijc.33443; https://ascopost.com/news/
january-2021/association-between-toxoplasma-gondii-infection-and-risk-of-
glioma/#:~:text=A%20new%20study%20published%20by,group%20that%20was%20cancer%2Dfree;
https://www.vet.cornell.edu/departments-centers-and-institutes/cornell-feline-health-center/
health-information/feline-health-topics/toxoplasmosis-cats

“Our findings provide the 
first prospective evidence of an 
association between T gondii 
infection and risk of glioma.”
“The findings do suggest that 
individuals with higher exposure to 
the T gondii parasite are more likely to 
go on to develop glioma,” (Study 
author, Anna Coghill, PhD), “though 
further research is needed.”

Glioblastoma

https://onlinelibrary.wiley.com/doi/10.1002/ijc.33443
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T. gondii inhibits glioblastoma apoptosis by targeting a 
purinergic signalling pathway (finding in 2019)

Source: 1. https://parasitesandvectors.biomedcentral.com/track/pdf/10.1186/s13071-019-3529-1.pdf; 
2. https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X%2814%2962509-X/fulltext

“Here, individuals who were seropositive for 

exposure to antigens from the tachyzoite stage of the 

parasite life cycle were more likely to be diagnosed 

with glioma in the 13 years following blood 

collection.”

2.

NB: Toxoplasmosis may 
masquerade as a glioma 

Glioblastoma

https://parasitesandvectors.biomedcentral.com/track/pdf/10.1186/s13071-019-3529-1.pdf
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The role of mycoplasma and glioblastoma

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3573938/pdf/1750-9378-8-7.pdf; Huang S, Li JY, Wu J, Meng L, Shou CC: 
Mycoplasma infections and different human carcinomas. World J Gastroenterol 2001, 7:266–269; https://pubmed.ncbi.nlm.nih.gov/29580805/

“Mycoplasma infections have been 
found in different types of 
carcinoma tissue, including glioma” 
The association appears primarily 
indirect so far, due to cytokine-
mediated damage and 
inflammatory lesions

Metabolic pathways linked to 
Mycoplasma are responsible for 
succinate accumulation and release in 
cancer cells, thus identifying potential 
targets involved in both inflammation 
and hypoxia.

Glioblastoma

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3573938/pdf/1750-9378-8-7.pdf
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What cancers have pathogens been associated with?

► Breast cancer 

► Blood cancers

► Monoclonal Gammopathy

► Glioblastoma

► Prostate

Selection
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Strong mycoplasma link with prostate 
cancer, too ...

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3248167/

“This study by Barykova et 
al. [7] is the latest of 
several that indicate a 
strong link between 
mycoplasma species and 
prostate cancer”

Prostate

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3248167/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3248167/#R7
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Chlamydia pneumoniae in prostate cancer

Source: https://www.prostatitis.org/a212000.html

“100% of the prostate biopsies 

(N. 10 patients) were positive, 

demonstrating the presence of 

the micro-organism inside the 

prostate gland both in prostatitis, 

benign prostate hyperplasia and 

prostate cancer patients.”

Prostate

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://www.prostatitis.org/a212000.html
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A 2013 meta-analysis showed that HSV-2 is
associated with elevated prostate cancer risk

Source: 1. Ge X, Wang X, Shen P. Herpes simplex virus type 2 or human herpesvirus 8 infection and prostate cancer risk: A meta-analysis. Biomed Rep. 2013 
May;1(3):433-439; https://pubmed.ncbi.nlm.nih.gov/24648964/; 2. Tsao, Yao-Hsuan et al. Herpes zoster and the subsequent risk of prostate cancer in an 
Asian population, Medicine: October 02, 2020 - Volume 99 - Issue 40 https://journals.lww.com/md-journal/fulltext/2020/10020/ herpes_zoster_ 
and_the_subsequent_risk_of_prostate.49.aspx

“HSV-2 infection was 
associated with increased 
prostate cancer risk 
(OR=1.209; 95% CI, 1.003–
1.456). Results of the 
stratified analysis 
suggested that such an 
association existed among 
participants from North 
and South America 
(OR=1.226; 95% CI, 1.000–
1.503).”1

“… preceding herpes zoster infection 
is a suggestive risk marker for 
subsequent PCa after controlling for 
potential confounders …
It is suggested that herpes zoster 
could be an early manifestation of 
immune impairment associated 
with occult malignancy. Second, the 
herpes zoster may weaken the 
immune system, which allows 
tumor cells to escape from immune 
surveillance”2

https://pubmed.ncbi.nlm.nih.gov/24648964/
https://journals.lww.com/md-journal/fulltext/2020/10020/herpes_zoster_and_the_subsequent_risk_of_prostate.49.aspx
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Further presentations on the links between pathogens 
and cancer available from AONM

See https://aonm.org/cancer-webinar-
series/

https://aonm.org/cancer-webinar-series/
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Tailored testing protocols available for all
the types of cancer mentioned

Please request from 
AONM (0333 121 
0305)
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The connection between infections and cancer:

Part 2:

► Lung

► Colorectal

► Gastric

► Oesophageal 

► Cervical cancer

Part 2 on September 6th, 7.00 pm
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For tests, please go to 
www.aonm.org
https://aonm.org/arminlabs

or call the AONM helpline 
on 0333 121 0305

Thank you very much for your attention!

http://www.aonm.org/
https://aonm.org/arminlabs
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SARS-CoV-2 and cancer: associations evident, but too 
early for long-term studies

Source: https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-021-01363-1

“The outbreak of the novel coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has emerged as a serious 
public health concern. Patients with cancer have been 
disproportionately affected by this pandemic. Increasing 
evidence has documented that patients with malignancies 
are highly susceptible to severe infections and mortality 
from COVID-19. …
In this review, we highlight the clinical and molecular 
similarities between cancer and COVID-19 and summarize 
the four major signaling pathways at the intersection of 
COVID-19 and cancer, namely, cytokine, type I interferon 
(IFN-I), androgen receptor (AR), and immune checkpoint 
signaling. In addition, we discuss the advantages and 
disadvantages of repurposing anticancer treatment for the 
treatment of COVID-19.”


