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A vocabulary of words and 
images

Borrelia of the Spiral type

Borrelia of the Cystic type

Borrelia of the Granular type

Borrelia of the Cell wall deficient type



Mixtures of Borrelia types
may be found

in Borrelia biofilms

Some Borrelia biofilms may contain a majority 
of spiral  Borrelia, while others may contain

A majority of granular or Cystic Borrelia

Biofilms may contain different species of pathogens

(For example Borrelia and Babesia, Or other multiorganism
combinations )



Spiral Borrelia



Separate Cystic forms of

Borrelia burgdorferi

Without extracellular 
Matrix



Cystic Borrelia 
without granules

inside

Cystic Borrelia with

Granules inside



Granular Borrelia 

Evolving from spiral borrelia





Cell wall deficient Borrelia



Biofilm : A community of microbes
enveloped in a protective Extracellular matrix



“Biofilm” is the Extracellular material which holds

the communities of Bacteria together in a sessile

community”

The biofilm composition is often mucopolysaccharide 
material.

Some biofilms ( Pseudomonas species) are composed of

Extracellular DNA.



















Altered MicroEnvironment in Biofilms and

Antibiotic Resistance

Failure of Antibiotic to penetrate the Biofilm

Differentiation of Bacteria within the Biofilm -

Accumulation of Molecules in the biofilm 
which antagonize the Antibiotic action

Dormant State  and Altered Genetics

Bacterial Heterogeneity in Biofilms



Communities of pure Borrelia

burgdorferi ( corkscrew/ spiral)

Spiral Biofilm VARIANT



Communities of pure Borrelia 
burgdorferi

Mixed Cystic and Spiral 
VARIANT



Communities of Pure Borrelia 
burgdorferi

Biofilm composed of Cystic forms

Cystic Biofilm VARIANT







Cell wall deficient Borrelia in 
a biofilm community
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Dr K. Eisendle

Acrodermatitis Chronica 
Atrophicans

Immunohistochemistry

“Granular forms of B 
burgdorferi in a “colony”

With a “Reddish veil”



Morphea – with biofilm-like “clump” of Borrelia

Eisendle et al, “ Morphea” a manifestation of infection 
with Borrelia species”, British J Dermatology 2007, 
157:1189-1198



Image from 1987

Image from 1981



Human Brain Culture 
demonstrating a Biofilm of  
Borrelia burgdorferi

Year 1987

Tick gut Culture showing Borrelia 
burgdorferi in a Biofilm Unit

Year 1981



For comparison – Borrelia burgdorferi biofilm 2008







The In Transit concept 

For Borrelia biofilms

Contribution of Borrelia DNA to the formation

of Extracellular Matrix in Borrelia biofilms































Summation:   Biofilms of Borrelia burgdorferi

1. Biofilms of Borrelia are indispensible elements for 
species survival in hostile environments.

2. Biofilms of borrelia provide protection to the microbes 
which live inside of the matrix

3. DNA of Borrelia ( externalized) constitutes a portion of 
the borrelia biofilm matrix.

4. Exchange of genomic material occurs between the 
borrelia in the biofilm.

5. Morphologic diversity of borrelia within biofilms ( cyst, 
granular, L form, and spiral forms) is evident.



Borrelia biofilm works in progress

--Quorum sensing in Biofilms

---Viable but non- cultivatible Borrelia in Biolfilm 
communities
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Original Isolate of Borrelia burgdorferi , 1981

Image from the Yale Journal of Biology and Medicine


