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Taxonomy of Borrelia

• Kingdom: Bacteria
• Phylum: Spirochaetae
• Class: Spirochaetes
• Order: Spirochaetales
• Family: Sprochaetaceae
• Genus: Borrelia



Borrelia burgdoreferi Complex

Borrelia burgdoreferi sensu Lato

Lyme disease

Western Pacific Coast Situation

Borrelia burgdoreferi sensu stricto



Base phrase Comparative Superlative Meanings

sensu stricto sensu strictiore sensu 
strictissimo

in the 
strict/stricter/strictest 
sense

sensu lato sensu latiore sensu 
latissimo

in the 
broad/broader/broadest 
sense

sensu amplo sensu ampliore sensu 
amplissimo

in a relaxed/more 
relaxed/most relaxed 
sense

Variants of phrases using the word sensu

Wikipedia



Borrelia species Vector Hosts/reservoirs Geographical distribution Reference

B. afzelii I. ricinus I. persulcatus Rodents Asia, Europe Canica et al. (1993)

B. americana I. pacificus, I. minor Birds United States Rudenko et al. (2009c)

B. andersonii I. dentatus Cotton tail rabbit United States Marconi et al. (1995)

B. bavariensis I. ricinus Rodents Europe Margos et al. (2009)

B. bissettii I. ricinus, I. scapularis, I. pacificus, I. minor Rodents Europe, United States Postic et al. (1998)

B. burgdorferi sensu stricto I. ricinus, I. scapularis, I. pacificus Rodents, birds, lizards, big 
mammals

Europe, United States Baranton et al. (1992)

B. californiensis I. pacificus, I. jellisonii, I. spinipalpis Kangaroo rat, mule deer United States Postic et al. (2007)

B. carolinensis I. minor Rodents, birds United States Rudenko et al. (2009b)

B. garinii I. ricinus, I. persulcatus, I. hexagonus, I. 
nipponensis

Birds, lizards, rodents Asia, Europe Baranton et al. (1992)

B. japonica I. ovatus Rodents Japan Kawabata et al. (1993)

B. kurtenbachii I. scapularis Rodents Europe, United States Margos et al. (2010)

B. lusitaniae I. ricinus Rodents, lizards Europe, North Africa LeFleche et al. (1997)

B. sinica I. ovatus Rodents China Masuzawa et al. (2001)

B. tanukii I. tanuki Unknown (possibly dogs and 
cats)

Japan Fukunaga et al. (1996)

B. turdi I. turdus Birds Japan Fukunaga et al. (1996)

B. spielmanii I. ricinus Rodents Europe Richter et al. (2006)

B. valaisiana I. ricinus, I. granulatus Birds, lizards Asia, Europe Wang et al. (1997)

B. yangtze Haemaphysalis longicornis, I. granulatus Rodents China Chu et al. (2008)

Genomospecies 2 I. pacificus Unknown United States Postic et al. (2007)

B. miyamotoi United States Pritt et al (2015)

B. mayonii United States Pritt et al (2016) 

Currently known spirochete species from the
Borrelia burgdorferi sensu lato complex.

Ticks tic Borne Dis. 2011. 2930 123-128



No Not Isolated from 
Human

Pathogenic Potential 
in Human

Mostly Found on 
Human

1 B americana B afzeli B afzeli
2 B andersonii B bavariensis B burgdoreferi (ss)
3 B californianiensis B bissettii B garinii
4 B carollinensis B burgdorferi (ss)
5 B japonica B garinii
6 B tanuki B kurtenbachii
7 B turdi B mayonii
8 B sinica B miyamotoi
9 B yangtze B lusitaniae
10 B spelmanii
11 B valisiana

Association of Borrelia spp with Human Disease

Ticks tic Borne Dis. 2011. 2930 123-128



Bridge Vector Maintenance Vector

Ixodes scapularis Amplyomma americanum;

I pacificus I minor; I affinis; I dentatus; I spinapalpis; 

I angustus I hexanus; I uriae; I turdus; I tanuki; 

I ricinus I ovatus; I columnae; I nipponensis

I persulcatus Many more Ixodes species……..

Darmacentor variabilis; D albipictus; 

Hemophysalis longicornis, h concinna; H 
bispinosa

Borrelia-Vcetor-Host Association

Ticks tic Borne Dis. 2011. 2930 123-128



• There are 21 Borrelia species under 
Borrelia burgdorferi senu lato ……more to 
come

• 9 of them usually do not found on human
• 3 of them are responsible for over 99% 

cases in Eurasia and NA

Conclusions



Early and Late Symptoms of 
Lyme Disease

Lyme Disease Symptoms



Lyme Disease Clinical Course
Acute cutaneous 

disease

Early disseminated 
disease

Late 
disseminated 
disease



Distribution of Borrelia spp causing 
disease in humans



JAMA. 2016;315(16):1767-1777. doi:10.1001/jama.2016.2884

Ixodes Ticks and Their Geographic Distributions in the United States.  Ixodes scapularis nymphal and adult ticks (ticks in 
black circles are shown at actual size). The nymphs and adult females can transmit Borrelia burgdorferi, Anaplasma
phagocytophilum, and Babesia microti; adult males may attach but do not feed and thus do not transmit these pathogens. 
Map showing distribution of Ixodes scaularis in the eastern part and I pacificus in the western part  





Reported Cases of Lyme Disease in US



Endemic and travel-related cases of Lyme diseases in 
Washington State between 2004-2012
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Distribution of Lyme Disease Ticks in Canada



Lyme disease in BC: 2005-2014





Rate of Lyme Disease In the 
Pacific Northwest

Source: Centers for Disease Control and Prevention:  
Lyme Disease Incidence Rates by State, 2009-2015

* Rate per 
100,000 2009 2010 2011 2012 2013 2014 2015

British 
Columbia 0.2 0.2 0.4 0.4

Washington 0.2 0.2 0.2 0.2 0.2 0.1

Oregon 0.3 0.2 0.2 0.1 0.3 0.1

Idaho 0.3 0.4 0.2 0.0 0.9 0.5

California 0.3 0.4 0.0 0.2 0.2 0.2

U.S.A. 9.8 7.3 7.8 7.0 8.6 7.9

*Eastern US states such as ME, VT, NH, MA, NY, CT, RI observe an average 
rate of 40-50 cases per 100,000 annually!



Seasonal Distribution of Ticks in BC
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Mak, Morshed and Henry. J Med Entomol. 2010





Ticks Retrieved from Mice
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Ixodes pacificus Dermacentor andersoni Ixodes angustus Ixodes soricis

2013

2014

Species
2013 2014

Sample Size Positives Sample Size Positives
Ixodes pacificus 394 3 (0.76%) 395 2 (0.51%)
Ixodes angustus 21 0 (0.0%) 15 0 (0.0%)
Ixodes soricis 1 0 (0.0%) 2 0 (0.0%)

Yearly Comparison of Species



Map of Borrelia burgdorferi surveillance in ticks 
and mice in British Columbia. Land cover type 
(A), ecological niche model for B. burgdorferi (B), 
mice (C) and ticks (D) captured from study 
locations. 

Morshed et al, Vector Borne Zoonotic Dis. 2015 



Morshed et al, 

Can Commun Dis Rep. 2000



BIRD TICK STUDY

American robin 
Turdus
migratorius

Fox sparrow
Passerella iliaca

Swainson's thrush 
Catharus ustulatus



Occurrence 
of Ixodes spp. 

ticks on 
passerine 

birds in BC 
and presence 

of Borrelia 
burgdorferi in 

ticks



• Borrelia burgdorferi originated from Europe
• Only few species of B burgdoreferi sensu lato is 

responsible for causing Lyme disease in human and 
animals.

• B. Burgdorferi activities is much higher in the Eastern  
NA compare to the Pacific West Coast. 

• Lyme disease Case numbers in the Pacific West Coast 
are much lower than Eastern part of USA

• Tick activities are seasonal
• Bird may carry ticks from long distance. More studies 

are needed on their establishment

Conclusions



• Serology
Most common and widely accepted

• PCR
Work best on synovial fluid if patients 
has not been given any antibiotics

• Culture
For special cases only, take weeks, sensitivity low 
and not recommended for routine diagnosis                         

Laboratory Based Diagnostic Options

Diagnosis



Test Algorithms



Western blots can not be used 
independent of EIAs

• EIAs are quantitative, blots are subjective
• IgM western blots have poor specificity.  Only 
diagnostic if used in first 6 weeks of infection

• European species can be falsely negative on NA WB

Aguero-Rosenfeld and Wormser, 2015. Exprt Rev Mol Diagn 15:1-4
DeBiasi. 2014. Curr Infect Dis Rep 16:450-455

Western blot as an Independent Test



1999‐2001 East Lyme Connecticut
76 patients who had culture confirmed EM
147 with late Lyme or other illnesses
objective clinical findings and positive serology

PLD (Post LD or Chronic LD)
pain or neurocognitive or fatigue < 6 months 
after appropriate ABX Rx

Controls

CID 2008 47:188-195



Disease State C6 EIA
EIA 

IgM WB
EIA

IgG WB
EIA

IgM or IgG WB

Acute (stage 1) 19‐38% 11‐38% 6‐15% 17‐43%

Convalescent after antibiotics  47‐63% 39‐70% 17‐20% 53‐75%

Disseminated infection (acute 
neurologic or arthritis) (stage 2)

100% 85% 85% 100%

Persistent infection (stage 3) 100% 23% 100% 100%

Not Lyme (n=75) (CFS, FM,MS,RA)  1% 0%  0% 0%

Healthy (endemic area) (n=86) 5% 1% 1% 2%

Healthy (non‐endemic area) (n=50) 2% 0%  0% 0%

CID 2008 47:188-195 Contd….



Performance characteristics of 
serological assay

Molins et al 2014 JCM 52:10



Conclusions

 Serological test is good for 
detecting early disseminated (>1M) and 
late disseminated or persistent (>3M) infections

 Refractory symptoms may persist 
in 10-20% patients

 Long term treatment may do harm 
to patients



In acute stage, EM rash itself is diagnostic, no Lab 
confirmation is needed for diagnosing acute Lyme 
disease. So physician should treat at this stage on 

suspicion of infection.



Bull's-Eye and Non-target Skin Lesions of Lyme Disease:
An Internet Survey of Identification of Erythema Migrans

Aucott et al, Dermatol Res Pract. 2012

John Hopkins Univ. Maryland



Aucott et al, Dermatol Res Pract. 2012

Bull's-Eye and Nontarget Skin Lesions of Lyme Disease:
An Internet Survey of Identification of Erythema Migrans



Bull's-Eye and Non-target Skin Lesions of Lyme Disease:
An Internet Survey of Identification of Erythema Migrans

Aucott et al, Dermatol Res Pract. 2012

John Hopkins Univ. Maryland



Conclusions

• Early treatment of this disease has much better 
outcome than late disseminated disease BUT…
• Tick exposure history is very important and also need to know 

tick and Borrelia endemicity around that area.

• In a low endemic areas, physicians should be careful about 
judging EM rashes. Many rashes are simply could be bite mark 
or due to other reasons. If it’s a bite mark and no other 
symptoms, wait for 3 weeks and do Lyme serology testing 
before giving antibiotics.



How about diagnosing  
B. miayamotoi; B Mayonii, B americana ?



• PCR can detect if acutely infected-window 
period is very short

• Current serology can’t distinguish new 
species

• Approx. over 99.9 percent cases are due 
to Bb
• Dr Pritt tested over 100,00 sample and found 6 

Lyme positive cases due to B mayonii

Diagnostic test available for 
other Borrelia strains



Complains

• BCCDC test is not good
• US “X” lab gave me positive results

A  B



In-house laboratory criteria for a positive IgM WB at Specialty Laboratory B were ≥2 of the following bands: 
23–25, 31, 34, 39, 41, 83/93. Criteria for a positive IgG WB were ≥2 of the following bands:
23–25, 31, 34, 39, 41, 83/93.

Fallon et al., 2014.  Clin Infect Dis 
59(12):1705–10



Test performance as reported by Fallon in Clinical Infectious 
Diseases 2014

100 Alternative Lyme Tests



Lyme Disease Diagnosed by Alternative Methods:
A Phenotype Similar to That of Chronic Fatigue Syndrome

Conclusions:
In British Columbia, a setting with low Lyme disease 
incidence, ADCLS (Alternatively Diagnosed Chronic Lyme 
Disease) patients have a similar phenotype to that of CFS 
chronic fatigue syndrome patients). Disagreement 
between alternative and reference laboratory Lyme 
testing results in this setting is most likely explained by 
false‐positive results from the alternative laboratory.

Patrick et al, CID. 2015

BC Complex Chronic Disease Study



Pretest issue
• Type of specimens

• Collection time with 
respect to disease state

• If patient had taken 
antibiotic prior to give 
sample for testing

• Biodiversity

• New Borrelia species

• Lack of gold‐standard 
samples

Post test issue

• Poor sensitivity early 
in the infection

• Difficult to diagnose 
reinfection

• Unable to monitor 
treatment outcome 

• Unvalidated tests by private 
laboratories

Challenges in laboratory based diagnosis of 
Lyme Disease



Conclusions

 Patient suffering over 2‐3 years with a negative 
serology results should be investigated further to 
find out for real causative agents.

 FP should be aware of the test reliability of 
private laboratories

 In a low endemic areas, physicians should be 
very careful about false positive results



• Pamphlets for parents at 
parks etc.

• Mailings and articles for 
physicians

• Messages in media
• Twitter feed
• Summer advisory

Important-Communication



Suggested Treatments for Adult Patients With the Most 
Common Clinical Manifestation sf Lyme Disease in NA

Manifestation Antibiotic Duration

Erythema migrans
Doxycycline, 100 mg orally twice daily 10 d
Amoxicillin, 500 mg orally 3 times daily  14 d
Cefuroxime axetil, 500 mg orally twice daily 14 d

Erythema migrans in a patient unable to 
take beta‐lactams or tetracyclines

Azithromycin, 500 mg orally once daily 7‐10 d

Lyme meningitis
Ambulatory Doxycycline, 100 mg orally twice daily or 200 mg once daily 14 d
Hospitalized Ceftriaxone, 2 g intravenously once daily 14 d
Lyme cranial neuropathy or radiculopathy Doxycycline, 100 mg orally twice daily or 200 mg once daily 14d

Amoxicillin, 500 mg orally 3 times daily 14d
Cefuroxime axetil, 500 mg orally twice daily 14d

Cardiac Lyme disease
Ambulatory Same as for erythema migrans 14 d (range,14‐21 d)

Hospitalized
Ceftriaxone, 2 g intravenously once daily until stabilized or discharged 
Complete course with oral antibiotic recommended for erythema migrans

14 d (range,14‐21 d)

Lyme arthritis
Doxycycline, 100 mg orally twice daily 28 d
Amoxicillin, 500 mg orally 3 times daily 28 d
Cefuroxime axetil, 500 mg orally twice daily 28 d
Re‐treat using 1 of the above oral regimens 28 d
Ceftriaxone, 2 g intravenously once daily 14‐28 d

Erythema migrans

Initial

Persistent Lyme arthritis after first course 
of oral therapy

Lyme cranial neuropathy or radiculopathy 
in a patient unable to take tetracyclines



• Health care professionals and residents 
need to be reminded about different 
aspects of Lyme disease including 
preventative measures

• “Prevention is better than Cure”
• Borrelia spp is sensitive to penicillin and 

shown to be effective and never been 
reported  resistance to Borrelia spp.

Conclusions
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Next Up!

Dr. Vance Kawakami
CDC Epidemic Intelligence Service Officer, LT, 
U.S. Public Health Service, Public Health Seattle

& King County, Communicable Disease 
Epidemiology & Immunization


