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Persisting atypical and cystic forms of Borrelia burgdorferi and local inflammation in
Lyme neuroborreliosis.

Miklossy J, Kasas S, Zurn AD, McCall S, Yu S, McGeer PL.

Kinsmen Laboratory of Neurological Research, University of British Columbia, Vancouver, BC, Canada. judithmiklossy@bluewin.ch
BACKGROUND: The long latent stage seen in syphilis, followed by chronic central nervous system infection and inflammation, can be
explained by the persistence of atypical cystic and granular forms of Treponema pallidum. We investigated whether a similar situation
may occur in Lyme neuroborreliosis. METHOD: Atypical forms of Borrelia burgdorferi spirochetes were induced exposing cultures of
Borrelia burgdorferi (strains B31 and ADB1) to such unfavorable conditions as osmotic and heat shock, and exposure to the binding
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agents Thioflavin S and Congo red. We also analyzed whether these forms may be induced in vitro, following infection of primary
chicken and rat neurons, as well as rat and human astrocytes. We further analyzed whether atypical forms similar to those induced in
vitro may also occur in vivo, in brains of three patients with Lyme neuroborreliosis. We used immunohistochemical methods to detect
evidence of neuroinflammation in the form of reactive microglia and astrocytes. RESULTS: Under these conditions we observed atypical
cystic, rolled and granular forms of these spirochetes. We characterized these abnormal forms by histochemical, immunohistochemical,
dark field and atomic force microscopy (AFM) methods. The atypical and cystic forms found in the brains of three patients with
neuropathologically confirmed Lyme neuroborreliosis were identical to those induced in vitro. We also observed nuclear fragmentation
of the infected astrocytes using the TUNEL method. Abundant HLA-DR positive microglia and GFAP positive reactive astrocytes were
present in the cerebral cortex. CONCLUSION: The results indicate that atypical extra- and intracellular pleomorphic and cystic forms of
Borrelia burgdorferi and local neuroinflammation occur in the brain in chronic Lyme neuroborreliosis. The persistence of these more
resistant spirochete forms, and their intracellular location in neurons and glial cells, may explain the long latent stage and persistence
of Borrelia infection. The results also suggest that Borrelia burgdorferi may induce cellular dysfunction and apoptosis. The detection
and recognition of atypical, cystic and granular forms in infected tissues is essential for the diagnosis and the treatment as they can
occur in the absence of the typical spiral Borrelia form.

PMID: 18817547 [PubMed - indexed for MEDLINE]

PMCID: PMC2564911

Related articles

g Toll-like receptors: insights into their possible role in the pathogenesis of lyme neuroborreliosis.
[Infect Immun. 2008]

k Rarrelia huradorferi nersists in the brain in chronic lyme neuroborreliosis and may be associated with Alzheimer disease.
[J Alzheimers Dis. 2004]

B Intavnndion ~f b1 (isease spirochete Borrelia burgdorferi with brain parenchyma elicits inflammatory mediators from glial cells as well as glial and neuronal apoptosis.
[Am J Pathol. 2008] P 9 p y y 9 g pop

. The pathogenesis of lyme neuroborreliosis: from infection to inflammation.
[Mol Med. 2008]

p LEUEWM The rhesus model of Lyme neuroborreliosis.
[Immunol Rev. 2001]

o » See reviews... | » See all...

Recent Activity

Turn Clear
Off

a
Persisting atypical and cystic forms of Borrelia burgdorferi and local inflammation in Lym...Persisting atypical and cystic forms of Borrelia burgdorferi and local inflammation in
Lyme neuroborreliosis.

a
Neuropathology in Alzheimer's disease: awaking from a hundred-year-old dream.Neuropathology in Alzheimer's disease: awaking from a hundred-year-old dream.

a
Neuro-inflammation induced by lipopolysaccharide causes cognitive impairment through enhan...Neuro-inflammation induced by lipopolysaccharide causes cognitive
impairment through enhancement of beta-amyloid generation.

http://www.ncbi.nlm.nih.gov/pubmed/18817547ordinal pos=1&itool =EntrezSyste...yPanel .Pubmed_Discovery RA& linkpos=2& log$=rel atedarticles& logdbfrom=pubmed (2 of 3)6/13/2009 10:24:04 AM


http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed_reviews&uid=18817547&ordinalpos=1&log$=relatedarticles&logdbfrom=pubmed
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=18817547&ordinalpos=1&log$=relatedarticles&logdbfrom=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/18817547?cmd=HTOn&
http://www.ncbi.nlm.nih.gov/pubmed/18817547?cmd=HTOff&
http://www.ncbi.nlm.nih.gov/pubmed/18817547?cmd=HTOff&
http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?log$=activity&recordid=1244906618712106
http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?log$=activity&recordid=1244906555559069
http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?log$=activity&recordid=1244906508882835

Persisting atypica and cystic forms of Borreliab...[J Neuroinflammation. 2008] - PubMed Result
Beta-amyloid deposition and Alzheimer's type changes induced by Borrelia spirochetes.Beta-amyloid deposition and Alzheimer's type changes induced by Borrelia

spirochetes.

o

Chronic inflammation and amyloidogenesis in Alzheimer's disease -- role of Spirochetes.Chronic inflammation and amyloidogenesis in Alzheimer's disease -- role of

Spirochetes.

Display| AbstractPlus Show | 20 |Sort By Send to

. Write to the Help Desk
- NCBI|NLM |NIH
. Department of Health & Human Services
. Privacy Statement | Freedom of Information Act | Disclaimer

http://www.ncbi.nlm.nih.gov/pubmed/18817547ordinal pos=1&itool =EntrezSyste...yPanel .Pubmed_Discovery RA& linkpos=2& log$=rel atedarticles& logdbfrom=pubmed (3 of 3)6/13/2009 10:24:04 AM


http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?log$=activity&recordid=1244906451763185
http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?log$=activity&recordid=1244906356845593
http://www.ncbi.nlm.nih.gov/sites/ehelp?Ncbi_App=entrez&Db=pubmed&Page=Results&Time=2009-06-13T11:23:38-04:00&Host=portal110&Snapshot=Entrez@65570
http://www.ncbi.nlm.nih.gov/
http://www.nlm.nih.gov/
http://www.nih.gov/
http://www.os.dhhs.gov/
http://www.nlm.nih.gov/privacy.html
http://www.nih.gov/icd/od/foia/index.htm
http://www.ncbi.nlm.nih.gov/About/disclaimer.html

	nih.gov
	Persisting atypical and cystic forms of Borrelia b...[J Neuroinflammation. 2008] - PubMed Result


	LMAIJNHLIIOGFMDAGGFFHELDPMLJPKFOPL: 
	form1: 
	x: 
	f1: [pubmed]
	f2: 
	f3: pubmed
	f4: pubmed
	f5: 
	f6: 
	f7: 
	f8: 
	f9: 
	f10: 
	f11: 
	f12: 
	f13: 
	f14: 
	f15: 
	f16: 
	f17: 
	f18: false
	f19: 
	f20: 
	f21: 
	f22: 
	f23: AbstractPlus
	f24: AbstractPlus
	f25: 20
	f26: 
	f27: 
	f28: [AbstractPlus]
	f29: [20]
	f30: [Sort By]
	f31: [Send to]
	f32: all
	f33: all
	f34: 1
	f35: 8
	f36: 
	f37: Off
	f38: 
	f39: [AbstractPlus]
	f40: [20]
	f41: [Sort By]
	f42: [Send to]
	f43: 
	f44: EntrezSystem2
	f45: 
	f46: entrez
	f47: 04756EA8A33C2111_0000SID
	f48: Entrez@2.34





