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► Breast cancer      ► Monoclonal Gammopathy ► Prostate cancer 

► Blood cancers ► Glioblastoma

This follows on from Part 1 last month
https://aonm.org/view-past-webinars/

https://aonm.org/view-past-webinars/
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Lung, liver, stomach and bowel the most 
common causes of cancer death worldwide

Source: 
https://www.cancerresearchuk.org/health-
professional/cancer-statistics/worldwide-
cancer#heading-One

https://www.cancerresearchuk.org/health-professional/cancer-statistics/worldwide-cancer#heading-One
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Lung cancer is the leading cause of cancer death 
worldwide

Source: Osorio JC, Blanco R, Corvalán AH, Muñoz JP, Calaf GM, Aguayo F. Epstein-Barr Virus Infection in Lung Cancer: Insights and 
Perspectives. Pathogens. 2022 Jan 21;11(2):132.

“Tobacco smoke  …..  environmental factors 
such as arsenic, radon or asbestos  …. 
Additionally, the involvement of some viral 
infections such as high-risk human 
papillomaviruses (HR-HPVs), Merkel cell 
polyomavirus (MCPyV), Jaagsiekte Sheep 
Retrovirus (JSRV), John Cunningham Virus 
(JCV), and Epstein–Barr virus (EBV)”

Lung Cancer
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Viral oncogenes in EBV can activate various tumour-
associated pathways

Source:  Kheir F, Zhao M, Strong MJ, Yu Y, Nanbo A, Flemington EK, Morris GF, Reiss K, Li L, Lin Z. Detection of Epstein-Barr Virus 
Infection in Non-Small Cell Lung Cancer. Cancers (Basel). 2019 May 31;11(6):759.; Becnel D, Abdelghani R, Nanbo A, Avilala J, Kahn J, Li 
L, Lin Z. Pathogenic Role of Epstein-Barr Virus in Lung Cancers. Viruses. 2021 May 11;13(5):877.

“Both viral latency and the lytic cycle are 
required for EBV pathogenesis”

Lung Cancer
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Chlamydia pneumoniae is significantly related to the 
risk of lung carcinoma 

Source: Wang C, Zhang N, Gao L. Association between Chlamydia pneumoniae infection and lung cancer: a meta-analysis. Transl Cancer Res. 
2019 Dec;8(8):2813-2819.

“Results showed that C. pneumoniae 
infection was significantly related to the 
risk of lung carcinoma, with a 3.19-fold 
increased risk compared to a negative 
titre (95% CI, 1.96–5.19) for IgA and 2.02 
times (95% CI, 1.29–3.16) for IgG”

Lung Cancer

https://www.ncbi.nlm.nih.gov/pubmed/16432867
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Chlamydia pneumoniae: “Elevated antibody titers 
associated with significantly increased risk“

Source: https://aacrjournals.org/cebp/article/19/6/1498/68420/Chlamydia-pneumoniae-Infection-and-Risk-for-Lung

“CHSP-60 seropositivity and elevated 
antibody titers were associated with 
significantly increased risk for 
subsequent lung cancer, supporting an 
etiologic role for C. pneumoniae 
infection in lung carcinogenesis.”

“Our results highlight the 
potential for lung cancer risk 
reduction through treatments 
targeted toward C. pneumoniae 
infections and chronic pulmonary 
inflammation.”

Lung Cancer

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://aacrjournals.org/cebp/article/19/6/1498/68420/Chlamydia-pneumoniae-Infection-and-Risk-for-Lung
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Thirteen studies with 2,553 lung carcinoma 
cases and 2,460 controls

Source: Premachandra NM, Jayaweera JAAS. Chlamydia pneumoniae infections and development of lung cancer: systematic review. Infect 
Agent Cancer. 2022 Mar 22;17(1):11.

“One mechanism is through 
mediators of inflammation. 
Inflammation gives rise to 
reactive oxygen species that may 
cause damage to DNA. 
Inflammation causes cell injury, 
resulting in consequent cell 
repair, increasing the rate of cell 
division … higher cell turnover 
will increase the risk of a 
mutation, conferring a selective 
advantage to cells, leading to 
cancer.”

Lung Cancer

https://www.ncbi.nlm.nih.gov/pubmed/16432867
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Mycoplasma infection in lung cancer was 52.6% 
in this study

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/

“There was high correlation between 
mycoplasma infection and different 
cancers, which suggests the possibility of 
an association between the two.”

Lung Cancer

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/
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Mycoplasma pneumoniae infection induces reactive oxygen 
species and DNA damage, especially to the mitochondria

“M. pneumoniae infection induced 
changes in the expression of cellular 
proteins, in particular a group of proteins 
involved in the oxidative stress response, 
such as glucose-6-phosphate 1-
dehydrogenase, NADH dehydrogenase 
(ubiquinone) Fe-S protein 2, and 
ubiquinol-cytochrome c reductase 
complex core protein I mitochondrial 
precursor ... It was further shown that M. 
pneumoniae infection also induced DNA 
double-strand breaks, as demonstrated 
by the formation of H2AX foci. On the 
other hand, an ROS scavenger, N-
acetylcysteine, could inhibit the ROS 
generation ..”

Lung Cancer
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Source: Rolfo C et al. Lung Cancer and Severe Acute Respiratory Syndrome Coronavirus 2 Infection: Identifying Important Knowledge Gaps 
for Investigation. J Thorac Oncol. 2022 Feb;17(2):214-227.

Connections between lung cancer and SARS-CoV-2 now 
being investigated: vulnerability already detected

Lung Cancer
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» Lung cancer:
1. Chlamydia pneumoniae EliSpot + 
IgG/IgA antibodies
2. Mycoplasma pneumoniae EliSpot + 
IgG/IgA antibodies
3. EBV EliSpot

Tailored testing protocol for the possibility of 
infection-associated lung cancer

Lung Cancer
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A number of bacteria implicated in the development 
of colorectal cancer

“Several bacteria have been 
identified and implicated in 
the development of CRC. 
These include: 
Streptococcus bovis, 
Helicobacter pylori, E. coli, 
Klebsiella pneumoniae, and 
more recently, 
Fusobacterium.”

Source: Antonic V, Stojadinovic A, Kester KE, Weina PJ, Brücher BL, Protic M, Avital I, Izadjoo M. Significance of infectious agents 
in colorectal cancer development. J Cancer. 2013;4(3):227-40.

Colorectal
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… as well as several viruses: EBV, HPV, CMV and JCV

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8978519/pdf/MOL2-16-1423.pdf

“EBV and HPV, together with 
cytomegalovirus (CMV or
human herpesvirus type 5) 
and John Cunningham virus 
(JCV), have been consistently 
reported to be
prevalent in CRC.”

Colorectal

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8978519/pdf/MOL2-16-1423.pdf
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Cytomegalovirus detected in 42.3% of colorectal 
tumor specimens in this 2012 study

Source: Chen HP, Jiang JK, Chen CY, Chou TY, Chen YC, Chang YT, et al. Human cytomegalovirus preferentially infects the neoplastic epithelium of colorectal cancer: 
a quantitative and histological analysis. Journal of clinical virology : the official publication of the Pan American Society for Clinical Virology. 2012;54(3):240-4.

163 specimens: “HCMV DNA was 
detected in 42.3% (69/163) of the tumor
specimens”

Colorectal
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» Colorectal cancer:
1. H. pylori IgG/IgA
2. EBV EliSpot
3. CMV EliSpot

Tailored testing protocol for the possibility of 
infection-associated colorectal cancer

Colorectal
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Gastric cancer and H pylori/Epstein Barr Virus

Source: 1. https://pubmed.ncbi.nlm.nih.gov/25186851/; 2. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769310/pdf/fonc-10-583463.pdf; 
Selgrad M et al. (2008) The role of viral and bacterial pathogens in gastrointestinal cancer. J Cell Physiol 216, 378–388; Costa N, Gil da Costa R & 
Medeiros R (2018) A viral map of gastrointestinal cancers. Life Sci 199, 188–200.

“In the past decades, Helicobacter 
pylori and Epstein Barr
virus infections have been 
identified and confirmed to be
causal factors of gastric cancer.”

“EBV-positive gastric cancer often occurs in the 
proximal stomach (cardia and gastric body), 
where it forms lumps or ulcers that are 
accompanied by lymphocyte infiltration. 
Another noteworthy feature of EBV-positive 
gastric cancer is the ease of invasion into the 
submucosa, with a low rate of lymph node 
metastasis.”

Gastric

https://pubmed.ncbi.nlm.nih.gov/25186851/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769310/pdf/fonc-10-583463.pdf
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Source: Tokunaga, M.; Land, C.E.; Uemura, Y.; Tokudome, T.; Tanaka, S.; Sato, E. Epstein-Barr virus in gastric carcinoma. Am. J. Pathol. 
1993, 143, 1250–1254; Osorio JC, Blanco R, Corvalán AH, Muñoz JP, Calaf GM, Aguayo F. Epstein-Barr Virus Infection in Lung Cancer: 
Insights and Perspectives. Pathogens. 2022 Jan 21;11(2):132.

“The Epstein-Barr virus (EBV) 
is detected in the tissue of about 
10% of gastric carcinoma cases 
throughout the world. In each 
case, 100% of carcinoma cells are 
infected with EBV. Analysis of 
EBV in carcinoma biopsies 
indicates that carcinoma is 
formed by the proliferation of a 
single EBV infected cell.”

EBV is the causal agent of a subset of gastric 
carcinomas

Gastric
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» Gastric cancer:
1. H. pylori IgG/IgA
2. EBV EliSpot

Tailored testing protocol for the possibility of 
infection-associated gastric cancer

Gastric



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

What cancers have infections been associated with?

Part 2:

► Lung

► Colorectal

► Gastric

► Oesophageal (Barrett’s Syndrome)

► Cervical

► Liver

Selection



25
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Mycoplasma infection in oesophageal cancer 
was 50.9% in this study

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/

Oesophageal

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/
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Oesophageal

Tailored testing protocol for the possibility of 
infection-associated oesophageal cancer

» Oesophageal cancer:
1. Mycoplasma pneumoniae Elispot

and IgG/IgA antibodies
2. H. pylori IgG/IgA
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Chlamydia trachomatis is associated with 
a greater risk of invasive cervical cancer

Source: https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20257

“This study, based on data from 1,238 
case and 1,100 control participants in 7 
countries worldwide, shows that
C. trachomatis serum antibodies were 
associated with a 1.8‐fold increased risk 
of squamous cell invasive cervical 
cancer.”

Cervical

https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20257
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“ HSV infections lead to 
unscheduled cellular DNA 
synthesis, chromosomal 
amplifications, and 
mutations.”

Several independent studies suggest that HSV-2 
infections correlate with a higher than normal 
incidence of cervical cancer, and with HPV

“Among the HPV DNA-positive women, HSV-
2 seropositivity was associated with 
increased risks of squamous-cell carcinoma.”
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Tailored testing protocol for the possibility of 
infection-associated cervical cancer

» Cervical cancer:
1. Chlamydia trachomatis EliSpot and 

IgG/IgA antibodies
2. HSV I/2 EliSpot and IgG/IgA 

antibodies
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More than half of the world’s cases of liver cancer 
are due to viral liver infections

Source: https://www.nature.com/articles/d41586-022-00821-0?proof=t

“Hepatitis B virus causes cancer by 
integrating its DNA into human cells. 
Delving further, his group found that 
the viral break-ins led to chromosome 
rearrangements, wiping out genes 
that suppress tumours and allowing 
cancer cells to proliferate.”

Liver

https://www.nature.com/articles/d41586-022-00821-0?proof=t
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Most common risk factor for liver cancer is chronic 
infections with hepatitis B or C

Source: https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html; https://www.hepb.org/research-and-
programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk%20of%20developing%20liver%20cancer.

”Individuals chronically infected with 
hepatitis B have a 25% to 40% lifetime risk of 
developing liver cancer.”

Liver

https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html
https://www.hepb.org/research-and-programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk%20of%20developing%20liver%20cancer
https://www.hepb.org/research-and-programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk%20of%20developing%20liver%20cancer
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Over half of cases of liver cancer – the 3rd leading cause of 
cancer deaths globally – are due to viral liver infections

Source: https://www.nature.com/articles/d41586-022-00821-0;  Álvarez EG, Tubio JMC et al. Aberrant integration of Hepatitis B virus DNA promotes 
major restructuring of human hepatocellular carcinoma genome architecture. Nat Commun. 2021 Nov 25;12(1):6910; 
https://pubmed.ncbi.nlm.nih.gov/34824211/; https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html; 
https://www.hepb.org/research-and-programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk
%20of%20developing%20liver%20cancer.

Worldwide, the most common risk 
factor for liver cancer is chronic (long-
term) infection with hepatitis B virus 
(HBV) or hepatitis C virus (HCV).
In the US, infection with hepatitis C is 
the more common cause of 
hepatocellular carcinoma, while in 
Asia and developing countries, 
hepatitis B is more common.

”Tubio’s … group found that 
the viral break-ins led to 
chromosome rearrangements, 
wiping out genes that suppress 
tumours and allowing cancer 
cells to proliferate.”

Liver

https://pubmed.ncbi.nlm.nih.gov/34824211/
https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html
https://www.hepb.org/research-and-programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk%20of%20developing%20liver%20cancer
https://www.cancer.org/healthy/cancer-causes/infectious-agents/infections-that-can-lead-to-cancer/viruses.html
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Campylobacter also an association: 38% of patients had 
liver cancer in a study of 183 patients with C. bacteremia

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5620392/; https://academic.oup.com/cid/article/47/6/790/325735

“The main underlying 
conditions were liver 
disease (39%) and cancer 
(38%).”

Liver

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5620392/
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Enteroviruses also associated with liver cancer

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6350183/; https://academic.oup.com/femspd/article/68/2/52/2398850

The coxsackievirus-adenovirus receptor (CAR) 
is “expressed more in more in liver than in 
other tissues … These findings indicate that 
CAR plays an important role in the initiation 
of CVB infections and is closely associated 
with hepatotropism and age-specific 
susceptibility”.

Liver

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6350183/
https://academic.oup.com/femspd/article/68/2/52/2398850
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Viral infection history can be used to detect 
hepatocellular cancer (HCC)

Source: https://www.cell.com/cell/pdf/S0092-8674(20)30671-1.pdf

Liver

https://www.cell.com/cell/pdf/S0092-8674(20)30671-1.pdf
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» Liver cancer:
1. Hepatitis B
2. Hepatitis C
3. Camphylobacter
4. Coxsackie A/B IgG/IgA antibodies

Tailored testing protocol for the possibility of 
infection-associated liver cancer

Liver
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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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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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Professor Sapi gave us incredible insights into the possible 
links between Borrelia and breast cancer

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

Breast

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