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Borrelia burgdorferi the spirochete that causes Lyme 
disease 

• In 1982, the etiologic agent of Lyme 
disease was discovered by Willy 
Burgdorfer who isolated spirochetes 
belonging to the genus Borrelia from the 
mid-guts of Ixodes ticks. 

• He showed that these spirochetes 
reacted with immune serum from 
patients that had been diagnosed with 
Lyme disease. Subsequently, the 
etiologic agent was given the name 
Borrelia burgdorferi.

Borrelia burgdorferi , FA stain (CDC)



Let’s look at Borrelia exposed to penicillin

Youtube video



The most recognized forms of Borrelia burgdorferi

• Spirochetes

• Round bodies (cysts, granules)

• Attached biofilm

Photo by Pabbati N MS

Photo by Luecke DF MS

Persisters

Photo by Socarras K MS





Effect of antibiotics on the aggregates of Borrelia measured LIVE/DEAD staining 
Sapi E et al 2011

Red stain: Dead
Green stain: Viable



What is biofilm?

• collections of  microorganisms (bacteria, yeasts or protozoa) that form on a 

hard surface (exception floating biofilms)

• examples: plaque that forms on teeth and the slime that forms on surfaces 

in watery areas (shower)

• surrounded by slimy secretions: mucoid polysaccharide structure which 

attaches the community to a surface

• estimated that over 90% of  bacteria live in biofilm (late Costerton WJ) 



Problems caused by biofilms

• Can form almost anywhere that water is present, including catheters, 
kitchen counters, showers, water pipes etc.

• Damage to industrial equipment

• Contamination of food, pharmaceutical and medical products

• Energy loss through inefficient energy transfer

• Medical infections and super-resistant to antibiotics



Borrelia biofilm

Sapi E et al PLoS ONE 2012



Alginate on the surfaces of Borrelia aggregates 

Sapi E et al 2012 PLoS ONE



Can Borrelia biofilms exist in 
vivo?

• Double immunohistochemical staining with Borrelia 
and biofilm specific markers 

• In situ hybridization confirmation experiments

• PCR/Whole genome sequencing confirmation

Samples:

– Skin biopsies from Borrelia infected skin lesions 

– (Dr. B. Zelger)

– Autopsy tissues from a Lyme disease patient

– (Dr. K. Leigner and Dr J. Goldman)





Double immunostaining: Borrelia and alginate 
antibody from 

Skin biopsies from Borrelia Lymphocytoma

Sapi E et al 2016



Sapi E et al 2016



Additional IHC and 

in situ hybridization data

Sapi E et al 2016



Borrelia biofilm in infected skin tissues

Sapi E et al 2016



So could other pathogens 
exist in these tissues?

Velica, DevianArt



Metagenomic analyses for Borrelia Lymphocytoma
Tissues

Genomic DNA analyzed by whole genome sequencing method 

(Perkin Elmer). Reads were aligned to human reference 

sequences using Burrows-Wheeler aligner software (http://bio-

bwa.sourceforge.net) 

After Sequence Alignment/Map (http://samtools.sourceforge.net) 

tool was used to filter out reads not mapped to human. The 

remaining reads were aligned to bacterial reference genomes 

using Blast program (NCBI).

Reads Borrelia burgdorferi sensu lato, 

Reads for Chlamydia spp

Sapi E et al 2019



Sapi E et al 2019



Mixed Biofilm in Other Infected Skin Tissues



Mixed Biofilm in Infected Skin Tissues

Middelveen MJ et al 2019



Amyloid Changes in Mixed Borrelia Biofilms

Middelveen MJ et al 2019



Mixed Biofilm and Phospho-Tau in Infected Skin Tissues

Middelveen MJ et al 2019



Borrelia in Mixed Biofilms

Middelveen MJ, Filush KR, Bandoski C, et al. Mixed Borrelia burgdorferi and Helicobacter pylori Biofilms in Morgellons Disease Dermatological

Specimens. Healthcare (Basel). 2019;7(2):70. Published 2019 May 17. doi:10.3390/healthcare7020070

Sapi E, Gupta K, Wawrzeniak K, et al. Borrelia and Chlamydia Can Form Mixed Biofilms in Infected Human Skin Tissues. Eur J Microbiol

Immunol (Bp). 2019;9(2):46–55. Published 2019 Apr 11. doi:10.1556/1886.2019.00003



Where else you can find Borrelia biofilm 
in the human body?

Hoiby N et al 2014



Borrelia Biofilm in Human Brain from in a 
Lyme disease /Alzheimer patient Correlates with Amyloid Changes

Senejani et al 2022



Autopsy tissues from Columbia University  
Dr. James Goldman and Dr. Kenneth Liegner

• A 53-year-old woman with a 16-year history of Lyme disease who initially 
presented with headaches, fevers, fatigue, memory loss, cranial nerve 
palsies and gait disturbance and later developed progressive spastic 
quadraparesis and died despite the multiple antibiotic treatment

• Autopsy tissues from liver, heart, brain, kidney, lung, lymph node arrived 
from Columbia and the study was funded by:



5th International 

Conference 

of Lyme Borrelosis –

1992 Arlington VA



Liver autopsy tissues examined for Borrelia

Sapi E, Goldman J, Liegner K - unpublished data 2019



Immunohistochemical analyses 

of four different organs for Borrelia 

and for alginate (biofilm marker)

Heart, Kidney, Liver, CNS 

Sapi E et al 2019



Sapi E, Goldman J, Liegner K 2019



Borrelia biofilm presence corresponded with infiltrating T cells in 
kidney and liver tissues – inflammation response?

Sapi E, Goldman J, Liegner K 2019



Borrelia Spirochetes and Biofilms in the Heart

Sapi E, Goldman J, Liegner K 2019



Borrelia biofilm presence corresponded with 
inflammatory markers

Sapi E, Goldman J, Liegner K 2019 

unpublished data



“In summary, these results show that Borrelia burgdorferi OMVs serve to 

directly counter superoxide production in BE2C neurons, thereby ‘priming’ the 

host environment to support B. burgdorferi colonization”



Borrelia-host interaction

• Neuron cells 
(BE2C) infected 
with Borrelia at 

• 30 min (A), 

• 2-hour (B), and 

• 24-hour (C) time 
points.  

Wawrzeniak K et al 2020





Where else can we find 
Borrelia –
Neoplastic Tissues?



Breast cancer pilot study

• OBJECTIVE: 200 invasive breast cancer samples and 20 from healthy breast 
tissues evaluated for Borrelia burgdorferi presence by 
immunohistochemical methods

• RESULTS: Significant numbers of invasive breast ductal carcinoma and 
lobular invasive breasts carcinomas were positive for the presence of 
Borrelia burgdorferi spirochetes and biofilms while all of the 
fibroadenomas or the healthy control tissues were negative. 

Gauri G and Sapi E 2021 unpublished data



Borrelia inside of breast cancer cells?

Gauri G and Sapi E 2020 unpublished data



Borrelia inside of breast cancer cells

Gauri G and Sapi E 2022





➢ Helicobacter pylori - Gastric cancer

➢ Streptococcus bovis/gallolyticus - Colorectal carcinoma

➢ Salmonella typhi – Gallbladder carcinoma

➢ Chlamydia pneumonia, Mycoplasma sp. - Lung cancer

➢ C. pneumonia, C. trachomatis, C. psittaci - Pulmonary Mucosa-Associated 
Lymphoid Tissue (MALT) lymphoma

➢ Mycoplasma sp., C. trachomatis - Ovarian cancer

➢ Staphylococcus epidermidis, Escherichia sp. Bartonella sp. – prevalent in 
breast cancer

According to American Cancer Society - 15% 
of all cancers are caused by infectious agents



Jin et al., 2019, Cell 176, 

998–1013



 Spirochete bacteria like Borrelia and Treponema associated with
different types of breast cancer

Banerjee S., Tian T., Wei Z., Shih N., Feldman M.D., Peck K.N., DeMichele A.M., Alwine J.C., Robertson E.S. Distinct microbial signatures associated with different breast cancer 

types. Front. Microbiol. 2018;9:951. doi: 10.3389/fmicb.2018.00951





Tumor-resident intracellular microbiota promotes
metastatic colonization in breast cancer

Fu A et al - Cell 185, 1356–1372, 2022

Bacteria living inside tumor cells promote 
cancer metastasis by helping cancerous 
host cells against mechanical stress in the 
bloodstream, in turn promoting cell 
survival during tumor progression. 

Antibiotics treatment reduced tumor 
metastasis more than 3-fold!



 Gaylord, 1907 – in vivo study suggests a potential connection between
spirochetes and primary breast cancer in mice



HYPOTHESIS

Borrelia burgdorferi plays a role in tumorigenic 

changes in breast epithelial cells



Effect of Borrelia on 
normal and 
breast cancer cells 
invasion

• Gauri G et al 2021



Effect of Borrelia infection on Breast Cancer Markers

Gauri G et al 2021



Current Projects: 
Identifying pathways and searching for markers in Borrelia infected cells

• Molecular analyses of Infected Breast Cancer and Normal Epithelial Cells

– RNAseq and tumor panel analyses

– MicroRNA analyses

– Tissue remodeling factors

– Chemotherapeutic resistance markers



Current Projects: 
New models for antibiotic studies

Ex vivo culture systems: 

skin biopsies (see left) 

heart valve cultures

Zebrafish model
Torres J, Sapi E 2019



Antimicrobial Testing in Zebrafish   



Summary

Borrelia burgdorferi
does have an 

antibiotic resistance 
form – called biofilm
- which can reside in 

human infected 
tissues

Biofilm form provides 
a very effective 

refuge strategy from 
antimicrobial 
treatments

Borrelia can infect 
various of tissues and 
can make changes in 

the host cells 
physiology

Borrelia can enhance 
cancer cell invasion



UNH Lyme and Breast Cancer 
Disease Research Group 
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Question?

• Please call me or send me an email:

• esapi@newhaven.edu

• 1-203-479-4552

mailto:esapi@newhaven.edu



