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Division of Clinical Microbiology 
• International reference laboratory 
• > 4 million tests annually 
• Seven specialty laboratories 

• Bacteriology 
• Virology 
• Infectious Diseases Serology 
• Core Processing/Media Preparation 
• Mycology/Mycobacteriology 
• Parasitology/Vector-borne diseases 
• Clinical Microbiology Molecular lab 



Vector-borne Diseases in the United 
States 
Starting with tickborne diseases 
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More trouble: 
Increased disease incidence and 
expanded tick ranges 





Lyme Disease in North America 

http://www.cdc.gov 



 Mosquito-borne 
diseases 



West Nile Virus human cases - 2022 



 

 

 

Other endemic mosquito-borne diseases 
• St. Louis encephalitis virus 
• Eastern Equine encephalitis virus 
• Western Equine encephalitis virus 
• LaCrosse encephalitis virus 





  
 

 
   

 

Testing landscape in the United States for 
parasitic and vector-borne diseases 
• There are no molecular assays approved by the food 

and drug administration for vector-borne diseases in 
symptomatic patients 

• Blood donor screening assay for Babesia microti 

• Tissue donor screening assay for WNV 
• Only a few FDA-approved assays for parasites: 

• Gastrointestinal protozoa, Trichomonas vaginalis 





  
 

 

   

   

Testing landscape in the United States for 
parasitic and vector-borne diseases, cont. 
• Due to the lack of FDA-approved tests, 

laboratories must create their own tests 
(Laboratory-Developed Tests = LDTs) 

• Some labs will also purchase test kits that are 
not FDA-approved and validate them like LDTs 

• The FDA is hoping to regulate LDTs in the near 
future, which will have a large impact on labs 



Vector-borne disease laboratory 
testing at Mayo Clinic 



1990s: Conventional Molecular testing began 

David Persing, MD, PhD 



 

 

 

 

 

 Tick-borne pathogen PCR began in 1990s 
Conventional PCR-EIA Tests offered: 

• Anaplasma phagocytophilum - 1996 
(formerly Ehrlichia phagocytophila) 

• Babesia microti - 1996 
• Borrelia burgdorferi - 1994 

1996 1997 1998 2002 

PCR, Lyme disease 119 49 20 3230 

PCR, Ehrlichia agent 48 30 32 336 

PCR, Babesia microti 17 7 12 418 



 

  

 

 

 

 

 

Introduction of real-time PCR 

• Overseen by Dr. Frank Cockerill 

• Assays included: 
• Plasmodium species (malaria) 
• Babesia spp. 
• Anaplasma phagocytophilum 

• Ehrlichia spp. 
• Toxoplasma gondii 

• And many others… 

Frank Cockerill, MD 



 
 

 

  
         

 

Mayo Clinic Ehrlichia/Anaplasma 
Real time PCR assay 

• Targets the groEL heat shock operon 

• Uses specific primers to amplify target DNA 

• Uses FRET hybridization probes to detect the amplified DNA 
• When the dyes are close to one another, a fluorescent signal is 

produced 
Probes 

Amplified Anaplasma 

or Ehrlichia DNA 
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Anaplasma/Ehrlichia PCR – FRET hybridization probes 

Melting Temperature Analysis 

Real-time PCR 
Targeting the 
groEL heat 

shock operon 
gene 

(Bell & Patel, 

DMID 2005) 
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Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Tests 

performed 

275 520 779 1224 1909 2198 4365 7349 7723 13639 9592 13516 22995 

2021 

42,000 

Ehrlichia/Anaplasma PCR volumes 





 

Summer 2013 
An atypical Borrelia PCR result 



   
      

 
    

• 10 yo boy from NW Minnesota 
• Presented with fever, HA, neck pain, myalgia, N/V and diffuse rash 
• Also had profound somnolence 
• Spent the week prior in Spooner, WI 





Patient result

Lyme PCR - EDTA whole blood specimen 

B. afzelii 

B. garinii 

B. burgdorferi 



 

Patient History, continued 
• Patient was hospitalized for 4 days 
• Treated with ceftriaxone (1d), followed by 21 d 

of amoxicillin 
• Complete recovery 



  
  

  
 

 
  

More cases identified 
• PCR positive in whole blood: 

• July 2013 – 11 yo male from WI 
• Retrospective review: July 2012 – 65 yo 

male from ND (exposure in MN) 
• Synovial fluid specimen from another Mayo 

Clinic site in Wisconsin 
• June 2013 – 21 yo woman from WI 



   • 89-95% similar to different Borrelia 

burgdorferi sensu lato Bbsl 
genospecies 

  

         

Plasminogen binding protein gene (oppA2) – 149 bp 

Bootstrap support values >50% are shown. The scale bar corresponds to 0.01 substitutions per nucleotide position. 



  
 

 

    
     

Diep “Zip” Hoang Johnson 
Vectorborne Epidemiologist 

Dave Neitzel, MS 
Epidemiologist 

Paul Mead, MD  Jeannine Petersen, PhD 
Epidemiologist Molecular Microbiologist 



   

  

  Blood from 2 patients sent for culture and sequencing 

Spirochetes visualized in blood from 1 patient (2/70 hpf of blood, diluted 1:10) = 
~85,000 spirochetes/mL 

Cultures positive for blood from 2 patients 





  
  

  

concatenated housekeeping genes: 
uvrA, rplB, recG, pyrG, pepX, clpX, 

clpA, nifS amplified from patient 

• Phylogenetic analysis of 8 

isolates 
(MN14-1539, MN14-1420) 



 
 

   

  
 

 

Multi-Locus Sequence Analysis (MLSA) 
• 8 gene MLSA performed 

• Previously used for defining Borrelia burgdorferi sensu lato (Bbsl) 
genospecies 

• Confirmed that this is a novel Bbsl genospecies 
• Therefore, it is in the Lyme disease causing group of pathogens 

• Named: Borrelia mayonii 



      
  

    
     

    

     

  

   
     

   

Key Findings - B. mayonii 

• Most patients lack the classic erythema migrans (EM) rash seen 
with B. burgdorferi infection 

• Reacts with B. burgdorferi serologic tests 
• Serology is the test of choice for B. burgdorferi infection 

• Only found in the upper midwest 
Erythema migrans 

• May have a propensity for causing neurologic manifestations 

• Seen in peripheral blood! 

• High DNA loads in peripheral blood 
• Therefore, PCR of whole blood is considered the best test 

for diagnosis (a game changer!) 



 

   
 

 

      

   

    

      
    

THE LANCET Infectious Diseases 
Identification of a novel pathogenic Borrelia species causing Lyme borreliosis with 
unusually high spirochaetaemia: 
a descriptive study 
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Emergence of a New Pathogenic Ehrlichia Species, 
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TICKNET 

• A PROSPECTIVE, Collaborative Public Health Approach to Tickborne Disease 
Surveillance and Research 

• Established in 2007 

• Provides funding to state and local health departments to support surveillance activities 

• Mayo Clinic has contributed >30,000 specimens from patients who are suspected of 
having a tickborne disease 

• Tested for bacterial pathogens by targeted (16S rRNA gene) next-generation sequencing 
(NGS) 



  
  

  

  
     

   

   

     
     

 

Recent publications 
• Kingry et al. Targeted Metagenomics for Clinical Detection and 

Discovery of Bacterial Tick-Borne Pathogens 
• Results of 16S V1-V2 rRNA gene-based metagenomics on 

>13,000 residual specimens 
• 881 specimens were positive for TBP 
• Also 2 new possible tick-borne pathogens! (in addition to B. 

johnsonii) 
• Anaplasma sp. and Rickettsia sp. 

• Also: Neorickettsia risticii, R. typhi, Coxiella burnetii, Francisella 
tularensis, Leptospira spp. 

• Rodino et al. JCM 2021 Detection of Tick-Borne Bacteria from Whole 
Blood Using 16S Ribosomal RNA Gene PCR Followed by Next-
Generation Sequencing 



 
 

  

 
 

Broad range Bacterial PCR/Sequencing 
• Targets the 16S rRNA gene found in all bacteria 
• Allows for detection of all bacteria in a 

specimen 
• More time consuming and expensive than PCR 
• **Targeted and shotgun metagenomic testing is 

likely to be a first-line test in the near future. 





   
 

   

If the Tick-Borne disease molecular panel 
is negative, consider the 16S rRNA broad 
range bacterial PCR on peripheral blood 







Questions? 
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	•
	•
	•
	•
	•
	10 yo boy from NW Minnesota


	•
	•
	•
	Presented with fever, HA, neck pain, myalgia, N/V and diffuse rash


	•
	•
	•
	Also had profound somnolence


	•
	•
	•
	Spent the week prior in Spooner, WI
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	•
	•
	•
	•
	•
	Patient was hospitalized for 4 days


	•
	•
	•
	Treated with ceftriaxone (1d), followed by 21 d 
	of amoxicillin


	•
	•
	•
	Complete recovery
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	•
	•
	•
	•
	•
	PCR positive in whole blood:


	•
	•
	•
	•
	July 2013 
	–
	11 yo male from WI 


	•
	•
	•
	Retrospective review: July 2012 
	–
	65 yo 
	male from ND (exposure in MN)



	•
	•
	•
	Synovial fluid specimen from another Mayo 
	Clinic site in Wisconsin


	•
	•
	•
	•
	June 2013 
	–
	21 yo woman from WI
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	oppA2
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	149 bp


	Bootstrap support values >50% are shown. The scale bar corresponds to 0.01 substitutions per nucleotide position.
	Bootstrap support values >50% are shown. The scale bar corresponds to 0.01 substitutions per nucleotide position.
	Bootstrap support values >50% are shown. The scale bar corresponds to 0.01 substitutions per nucleotide position.
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	89
	-
	95% similar to different 
	Borrelia 
	burgdorferi 
	sensu lato 
	Bbsl
	genospecies





	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Diep “Zip” Hoang Johnson
	Diep “Zip” Hoang Johnson
	Diep “Zip” Hoang Johnson

	Vectorborne Epidemiologist
	Vectorborne Epidemiologist



	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Dave Neitzel, MS
	Dave Neitzel, MS
	Dave Neitzel, MS

	Epidemiologist
	Epidemiologist



	Figure
	Figure
	Figure
	Span
	Paul Mead, MD    Jeannine Petersen, PhD
	Paul Mead, MD    Jeannine Petersen, PhD
	Paul Mead, MD    Jeannine Petersen, PhD

	Epidemiologist     Molecular Microbiologist
	Epidemiologist     Molecular Microbiologist




	Slide
	Span
	Spirochetes visualized in blood from 1 patient (2/70 
	Spirochetes visualized in blood from 1 patient (2/70 
	Spirochetes visualized in blood from 1 patient (2/70 
	hpf
	of blood, diluted 1:10) = 
	~85,000 spirochetes/mL


	Cultures positive for blood from 2 patients
	Cultures positive for blood from 2 patients
	Cultures positive for blood from 2 patients


	Figure
	Figure
	Blood from 2 patients sent for culture and sequencing
	Blood from 2 patients sent for culture and sequencing
	Blood from 2 patients sent for culture and sequencing



	Slide
	Span
	Figure

	Slide
	Span
	Figure
	Figure
	•
	•
	•
	•
	•
	Phylogenetic analysis of 8 
	concatenated housekeeping genes: 
	uvrA
	, 
	rplB
	, 
	recG
	, 
	pyrG
	, 
	pepX
	, 
	clpX
	, 
	clpA
	, 
	nifS
	amplified from patient 
	isolates



	(MN14
	(MN14
	-
	1539, MN14
	-
	1420) 
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	Locus Sequence Analysis (MLSA)


	•
	•
	•
	•
	•
	8 gene MLSA performed


	•
	•
	•
	•
	Previously used for defining 
	Borrelia burgdorferi 
	sensu lato (
	Bbsl
	) 
	genospecies


	•
	•
	•
	Confirmed that this is a 
	novel 
	Span
	Bbsl
	genospecies


	•
	•
	•
	•
	Therefore, it is in the Lyme disease causing group of pathogens



	•
	•
	•
	Named: 
	Borrelia mayonii
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	-
	B. mayonii


	•
	•
	•
	•
	•
	Most patients lack the classic erythema 
	migrans
	(EM) rash seen 
	with 
	B. burgdorferi 
	infection


	•
	•
	•
	Reacts with 
	B. burgdorferi 
	serologic tests


	•
	•
	•
	•
	Serology is the test of choice for 
	B. burgdorferi 
	infection 



	•
	•
	•
	Only found in the upper 
	midwest


	•
	•
	•
	May have a propensity for causing neurologic manifestations


	•
	•
	•
	Seen in peripheral blood!


	•
	•
	•
	High DNA loads in peripheral blood


	•
	•
	•
	•
	Therefore, PCR of whole blood is considered the best test 
	for diagnosis (a game changer!)
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	•
	•
	•
	•
	•
	A PROSPECTIVE, Collaborative Public Health Approach to Tickborne Disease 
	Surveillance and Research


	•
	•
	•
	Established in 2007


	•
	•
	•
	Provides funding to state and local health departments to support surveillance activities


	•
	•
	•
	Mayo Clinic has contributed >30,000 specimens from patients who are suspected of 
	having a tickborne disease


	•
	•
	•
	Tested for bacterial pathogens by targeted (16S rRNA gene) next
	-
	generation sequencing 
	(NGS)
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	•
	•
	•
	•
	•
	Kingry et al. Targeted Metagenomics for Clinical Detection and 
	Discovery of Bacterial Tick
	-
	Borne Pathogens


	•
	•
	•
	•
	Results of 16S V1
	-
	V2 rRNA gene
	-
	based metagenomics on 
	>13,000 residual specimens


	•
	•
	•
	881 specimens were positive for TBP


	•
	•
	•
	Also 2 new possible tick
	-
	borne pathogens! (in addition to 
	B. 
	johnsonii
	)


	•
	•
	•
	•
	Anaplasma 
	sp. and 
	Rickettsia 
	sp.



	•
	•
	•
	Also: Neorickettsia risticii, R. typhi, Coxiella burnetii, Francisella 
	tularensis, Leptospira 
	spp.



	•
	•
	•
	Rodino et al. JCM 2021 Detection of Tick
	-
	Borne Bacteria from Whole 
	Blood Using 16S Ribosomal RNA Gene PCR Followed by Next
	-
	Generation Sequencing
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	•
	•
	•
	•
	•
	Targets the 16S rRNA gene found in all bacteria


	•
	•
	•
	Allows for detection of all bacteria in a 
	specimen


	•
	•
	•
	More time consuming and expensive than PCR


	•
	•
	•
	**Targeted and shotgun metagenomic testing is 
	likely to be a first
	-
	line test in the near future.
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	If the Tick
	-
	Borne disease molecular panel 
	is negative, consider the 16S rRNA broad 
	range bacterial PCR on peripheral blood
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