
“The majority of bacteria exist in nature attached to a 
substratum”

MacEachran, D.P. O’Toole, G.A.
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Clinical Implications of 
Biofilms of Borrelia burgdorferi

Biofilms of Borrelia burgdorferi in human tissue

provide microscopic proof of persistence of 

spirochetes in cases of chronic Lyme borreliosis.

Biofilms of borrelia,by definition, explain

Persistence of infection after antibiotic  therapy

and recurrence of disease symptoms in

chronic Lyme borreliosis.



Dr Eva Sapi
The first to recognize that 
Borrelia burgdorferi

Could exist in Biofilm 
Communities



Common shared properties in  

“mature “Biofilms

“The microcolony structure observed in established

Mature biofilms is strikingly similar across mono-and 

Multispecies biofilms, across different habitats, as well as for

Different organismal levels” 

Kjelleberg, S., and Givskov, M.

The Biofilm mode of Life, 2007, page 5.
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Perfect spirochete



Routes to the formation of Biofilms

Multiple, Parallel pathways to 
Biofilm Formation



Borrelia burgdorferi in culture –
Coexistent cystic form and Spiral forms



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

Separate cystic Borrelia



Cystic Borrelia 
without granules

inside

Cystic Borrelia with

Granules inside



Granular Borrelia 

Evolving from spiral borrelia





Granular forms 

Of Borrelia in

Brain tissue



Cell wall deficient Borrelia



Cell wall deficient form of Borrelia burgdorferi



Membrane material separating from Borrelia 
burgdorferi



Membrane material separating from Borrelia burgdorferi



Cell wall deficient forms of Borrelia burgdorferi



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.

Other biofilms may incorporate Flagellae,Fimbriae,Pili 
into the biofilm







Planktonic microbes
Motility

Provided

By Flagellae

Attachment to surface

Provided by Flagellae

Two functions of Flagellae:

Propulsion

Adhesion to surface



Attachment of early biofilm – Reversible and Irreversible



Growth of Biofilms



Regeneration of Planktonic microbes within the biofilm





Regional
ASPECTS

Zonation





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



Granular borrelia in a biofilm community



Biofilm of Borrelia burgdorferi  with 
internal “empty spaces” showing one type 
of organization in a Multicellular 
community



Biofilm of 
Borrelia 
burgdorferi



Biofilm of Borrelia 
burgdorferi



Biofilm of 
Borrelia 
burgdorferi



Biofilm of 
Borrelia 
burgdorferi



Biofilm of 
Borrelia 
burgdorferi



Biofilm of 
Borrelia 
burgdorferi



Biofilm of 
Borrelia 
burgdorferi





Evolution of Cystic borrelia 

From spiral 



Evolution of Cystic borrelia 

From spiral 



Evolution of Cystic borrelia 

From spiral 



Evolution of Cystic 
borrelia 

From spiral 



A membrane bound “bridge” 
connecting two biofilm units of 
Borrelia burgdorferi







Cell wall deficient 
form of Borrelia 
burgdorferi –
Membranes 
without cell walls



Biofilm of Borrelia 
burgdorferi



Dr K. Eisendle. BORRELIA LYMPHOCYTOMA

IMMUNOHISTOCHEMISTRY  AJCP 2007,127:213-222

Two groupings of Borrelia burgdorferi in Skin – Biofilms



Dr K. Eisendle.



Dr K. Eisendle

Acrodermatitis Chronica 
Atrophicans

Immunohistochemistry

“Granular forms of B 
burgdorferi in a “colony”

With a “Reddish veil”

A colony of granular 
Borrelia burgdorferi

- Reclassified as a 
Biofilm unit in Skin of 
ACA



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-

What is the source?

Image from 1981-

What is the source?



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 –2008-- Borrelia burgdorferi biofilm    
grown from  Pure culture from ATCC strain



Formation of Cystic and Cell wall deficient Spherical

forms is initiated by Localized LOSS of Cell Wall



Cystic and spiral Borrelia 
burgdorferi in Aged pure culture



The In Transit concept 

For Borrelia biofilms

Contribution of Borrelia DNA to the formation

of Extracellular Matrix in Borrelia biofilms























Paired Borrelia in ACA skin with adjacent  red blush 
staining  ?? In Transit biofilm form ??

Dr Klaus Eisendle -
American Journal of 
Clinical Pathology

2007

Vol 127 :213-222



Alzheimer’s disease – Frontal lobe Cortex – Imprint

cytology showing a group of Borrelia with adjacent







DNA distribution in biofilm of Borrelia burgdorferi



Original Isolate of Borrelia burgdorferi , 1981

Image from the Yale Journal of Biology and Medicine



Biofilms as primitive Multicellular systems

Micro Colony formation

Differentiation of Microbes within the biofilm

Dispersal from biofilm colonies

Microfilm “units”

Planktonic “units”

Nitric oxide – Signal for differentiation

and Dispersal from biofilms



Signal transmission within Biofilms

Cell to cell communication

Cyclic diGMP ( 2nd messenger) [GGDEF/EAL SYSTEM]

Nitric Oxide

Peptide signaling

“melting” phenomenon – formation of  Syncytial Units









Viable but NonCultivatible 
Microbes

Stationary Phase

Not killed by antibiotics

Strains of Borrelia 
burgdorferi and other 
borrelia species 

Difficult to grow in 
Laboratory

Viable in the human host



Bacteriophage Activities within Biofilms







The Biofilm Matrix

Components

Extracellular Polysaccharides

Lipoproteins

Peptidogylcans

Extracellular DNA ( Pseudomonas model)



Multispecies Biofilms –

Examples from other Species

Complex Systems of Microbes and Protozoans

Survival benefits

Exchange of DNA between Species?



Flocks

Granules

Rounded shaped units   (microcolonies)

Mushroom shaped units

Filamentous biofilms

Loose biofilm aggregates

Multicellular  -Biofilm  -
Variations under the microscope



Life Cycle Concept 

For Microbes

Biofilm Life cycles

Planktonic Life cycles
Two 
components



Predators of Biofilms ??

Protozoans ?

Phagocytes ??

Bacteriophages??

Other bacteria??



Attachment Considerations in Biofilm

Specific Adhesive proteins – bind to surfaces

Cell to Cell cohesion by Cell Binding proteins

Carbon sources at the site of attachment

Presence of mucin at site of attachment

Competition with other bacteria at attachment

Resistance to Shear Forces

Up Regulation and down Regulation of genes



Mutations and Horizontal Gene Transfer

in Biofilms

Transcriptome analysis in Biofilms –

Current constraints

Comparative Analysis of Events in Biofilm Life 
Cycles       across bacterial species

Future Research in Borrelia biofilms





Borrelia biofilm works in progress

--Quorum sensing in Biofilms

AHL model for QS in Gram Negative bacteria

---Viable but non- cultivatable Borrelia in Biolfilm 
communities

Persister forms of bacteria

Non dividing  forms

Slow to divide forms



Quorum Sensing- Chemical messenger molecules produced

by a single bacterium are different  (quantitatively) from those

produced by a population of bacteria in a biofilm.

Quorum Sensing Blockers
Can we identify the Genetic underpinnings of

Quorum Sensing chemical species in Borrelia

and utilize these in treatment of Chronic 

infections? 

[ Examples - furanones, patulin, penicillic acid, garlic 
extract – as  natural QS blockers in biofilm via 
downregulation of genes in pathogenic bacteria]



Clinical Implications of 
Biofilms of Borrelia burgdorferi

Biofilms of Borrelia burgdorferi in human tissue

provide microscopic proof of persistence of 

spirochetes in cases of chronic Lyme borreliosis.

Biofilms of borrelia,by definition, explain

Persistence of infection after antibiotic  therapy

and recurrence of disease symptoms in

chronic Lyme borreliosis.



Summation:   Biofilms of Borrelia burgdorferi

1. Biofilms of Borrelia are indispensable 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.
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