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Learning Objectives

By the end of this session, participants will be able to:

• Describe the epidemiology of Lyme disease in Ontario

• Identify the new Lyme disease testing method and how it compares to 
previous testing methods

• Interpret laboratory results using the new modified two-tier testing 
(MTTT) for detection of Lyme disease
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Outline

• Epidemiology of Lyme disease in Ontario

• Clinical stages of Lyme disease

• Diagnostic testing for Lyme disease and changes to serological testing

• Implications for practice 

• Case studies
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Lyme Disease Overview

• Lyme disease is the most common tick-borne infection in Canada

• Vector-borne disease caused by infection with the spirochete bacteria 
Borrelia burgdorferi (in North America)

• B. burgdorferi is transmitted to humans in Ontario through the bite of an 
infected blacklegged tick (Ixodes scapularis) that has been attached for 
>24 hours
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Blacklegged Tick Life-Cycle 

Source: Ontario Agency for Health Protection and Promotion (Public Health Ontario). Technical report: Update on Lyme disease prevention and control. Second edition. Toronto, ON: Queen’s Printer 
for Ontario; 2016. Available from: https://www.publichealthontario.ca/-/media/Documents/Lab/lyme-disease-prevention-technical.pdf
Source: Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.publichealthontario.ca/-/media/Documents/Lab/lyme-disease-prevention-technical.pdf
https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Lyme Disease Transmission

• Nymphal ticks are most likely to transmit B. burgdorferi:

• Active in late spring + summer when humans are most often in areas 
where ticks live

• Small in size so harder to detect when attached to a person 

Source: Health Canada. Blacklegged (deer) ticks [Internet]. Ottawa, ON: Government of Canada; 2015 [cited 2023 Apr 13]. Figure 3; Figure 4. Available from: https://www.canada.ca/en/health-
canada/services/pest-control-tips/blacklegged-deer-ticks.html
Steere AC, Strle F, Wormser GP, Hu LT, Branda JA, Hovius JW, Li X, Mead PS. Lyme borreliosis. Nat Rev Dis Primers. 2016;2:16090. Available from: https://doi.org/10.1038/nrdp.2016.90

https://www.canada.ca/en/health-canada/services/pest-control-tips/blacklegged-deer-ticks.html
https://doi.org/10.1038/nrdp.2016.90
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Blacklegged Ticks in Ontario

Source: Ontario Agency for Health Protection and Promotion (Public Health Ontario). Ontario Lyme disease map 2022 estimated risk areas [Internet]. Toronto, ON: Queen's 
Printer for Ontario; 2022 [cited 2023 Apr 06]. Available from: https://www.publichealthontario.ca/-/media/Documents/O/2022/lyme-disease-risk-area-map-2022.pdf

https://www.publichealthontario.ca/-/media/Documents/O/2022/lyme-disease-risk-area-map-2022.pdf
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Lyme Disease Cases in Ontario

N = 175
Rate: 1.3/100,000

N = 1707
Rate: 11.5/100,000

Source: Ontario Agency for Health Protection and Promotion (Public Health Ontario). Infectious disease trends in Ontario [Internet]. Toronto, ON: King’s Printer for Ontario; 2022 [cited 
2023 Apr 6]. Available from: https://www.publichealthontario.ca/en/data-and-analysis/infectious-disease/reportable-disease-trends-annually

https://www.publichealthontario.ca/en/data-and-analysis/infectious-disease/reportable-disease-trends-annually
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Lyme Disease Clinical Manifestations

• Early localized 

• 3 to 30 days after an infected tick bite

• Early disseminated

• 1-3 months after an infected tick bite

• Late disseminated

• >3 months after an infected tick bite

Source: Government of Canada. Lyme disease: for health professionals [Internet]. Ottawa, ON: Government of Canada; 2022 [cited 2023 Apr 13]. Available from: 
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html

https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html
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Early Localized Lyme Disease

• 3 to 30 days after tick bite (usually 7-14 days)

• Erythema migrans rash

• Expanding rash >5 cm, occurs in 70-80% of infected patients

• Other potential signs + symptoms:

• Fever, generalized arthralgia and myalgia, headache, 
lymphadenopathy

Source: Public Health Agency of Canada. Lyme disease: symptoms and treatment [Internet]. Ottawa, ON: Government of Canada; 2022 [cited 2023 Apr 13]. Available from: https://www.canada.ca/en/public-
health/services/diseases/lyme-disease.html

https://www.canada.ca/en/public-health/services/diseases/lyme-disease.html
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Early Disseminated Lyme Disease

• Weeks to months after tick bite

• Fatigue and general weakness

• Multiple erythema migrans lesions

• Peripheral/central nervous system
• Cranial nerve palsies (often 7th)

• Meningitis or encephalitis

• Subtle cognitive difficulties

• Cardiac symptoms
• Atrioventricular (AV) node block

• Atrial fibrillation

• Myocarditis, pericarditis or endocarditis
Public Health Agency of Canada. Lyme disease: for health professionals [Internet]. Ottawa, ON: Government of Canada; 2022 [cited 2023 Apr 13]. Available from: 
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html

https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html
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Late Disseminated Lyme Disease

• Weeks to months after the initial infection, late symptoms can occur if 
untreated, including:

• Musculoskeletal 

• Arthritis - often monoarticular, usually involves large joints, especially the knee

• Baker’s cyst

• Neurological

• Meningitis

• Subacute mild encephalopathy, affecting memory + concentration

• Polyneuropathy

Public Health Agency of Canada. Lyme disease: for health professionals [Internet]. Ottawa, ON: Government of Canada; 2022 [cited 2023 Apr 13]. Available from: 
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html

https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease.html
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Lyme Disease Serological Testing
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Current Testing Approach in Ontario 
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2-tier testing (Recommended by IDSA/CDC and CPHLN)

IDSA: Infectious Disease Society of America
CDC: Centers for Disease Control
CPHLN: Canadian Public Health Laboratory Network

Sensitivity of two-tier testing

1. ELISA 
Negative

No serological evidence of testing
Positive/Indeterminate infection

2. WB testing Negative
The results should be 

IgM and IgG interpreted in the context 

Positive/Indeterminate of the clinical signs and 
symptoms

The results should be 
interpreted in the context 
of the clinical signs and 
symptoms
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Is there an alternative method that can be used to 
improve sensitivity or workflow? 
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Modified-two Tier-testing (MTTT)

1. ELISA testing (whole 
cell lysate

Negative No serological evidence of 
infection

Positive/Indeterminate

2. Second ELISA testing 
(VlsE recombinant 
antigen)

Provide overall results



PublicHealthOntario.ca 18



PublicHealthOntario.ca 19



PublicHealthOntario.ca 20

• Between 2011-2014, 10253 patients 
were tested using STTT method

• Samples that were WCS EIA positive 
were also tested for C6 EIA. 

• 271 patients with WCS/C6 positive had 
their charts reviewed

• Patient charts with WCS neg were NOT 
reviewed – thus can’t determine true 
sensitivity

• MTTT detected 25% more early 
localized cases than STTT

• Specificity was comparable
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Stage Published performance of MTTT Modeled performance of MTTT*

Early localized

EIA methods Sn (%) Sp (%) Ref. FN** TN** Sp (%) [95% CI]

WCS; C6 53 99.5 18 56 9750 99.6 [99.4 to 99.7]

WCS; C6 38 99.5

19

103 9703 99.5 [99.4 to 99.7]

WCS; VlsE 36 99.5 112 9694 99.5 [99.4 to 99.7]

VlsE; C6 54 99.3 54 9752 99.6 [99.4 to 99.7]

WCS; C6 50 98 63 9743 99.6 [99.4 to 99.7]

VlsE; C6 48 98 68 9738 99.6 [99.4 to 99.7]

WCS; C6 55 98

23

52 9754 99.6 [99.4 to 99.7]

WCS; VlsE 58 99 46 9760 99.6 [99.4 to 99.7]

VlsE; C6 50 99 63 9743 99.6 [99.4 to 99.7]

VlsE/C10; WCS 73 98.9 16 23 9783 99.6 [99.4 to 99.7]

Early disseminated

WCS; C6 100 99.5 18 0 9806 99.6 [99.4 to 99.7]

WCS; C6 88 98
28

8 9798 99.6 [99.4 to 99.7]

VlsE; C6 88 98 8 9798 99.6 [99.4 to 99.7]

WCS; C6 100 98

23

0 9806 99.6 [99.4 to 99.7]

WCS; VlsE 100 99 0 9806 99.6 [99.4 to 99.7]

VlsE; C6 100 99 0 9806 99.6 [99.4 to 99.7]

VlsE/C10; WCS 66.1 98.9 16 31 9775 99.6 [99.4 to 99.7]

Late disseminated

WCS; C6 100 99.5 18 0 9806 99.6 [99.4 to 99.7]

WCS; C6 100 98
28

0 9806 99.6 [99.4 to 99.7]

VlsE; C6 100 98 0 9806 99.6 [99.4 to 99.7]

WCS; C6 100 98

23

0 9806 99.6 [99.4 to 99.7]

WCS; VlsE 100 99 0 9806 99.6 [99.4 to 99.7]

VlsE; C6 100 99 0 9806 99.6 [99.4 to 99.7]

VlsE/C10; WCS 100 98.9 16 0 9806 99.6 [99.4 to 99.7]

All patients 

combined

WCS; C6 68 99.5 18 107 9699 99.5 [99.4 to 99.7]

WCS; C6 76 98
28

72 9734 99.6 [99.4 to 99.7]

VlsE; C6 73 98 84 9722 99.6 [99.4 to 99.7]

WCS/C6 78 98

23

64 9742 99.6 [99.4 to 99.7]

WCS/VlsE 77 99 68 9738 99.6 [99.4 to 99.7]

VlsE/C6 75 99 76 9730 99.6 [99.4 to 99.7]

VlsE/C10; WCS 81 98.9 16 53 9753 99.6 [99.4 to 99.7]

Estimation of MTTT 
specificity in Nova Scotia 
patients of whom charts 
were reviewed
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Table 2. Sensitivity of standard and modified serological testing for Lyme disease in patients with LD

Reference (sample size) Disease manifestations1 2 EIAs combinations used2

STTT sensitivity 

(CI)4

MTTT5 sensitivity % 

(CI)

Branda et al. 2011 (140) EM, ENB, LC WCS f/b C6 48 (40-56) 61 (53-69)

Branda et al. 2018 (318) EM, ENB WCS f/b C6 41 (36-46) 60 (55-66)

Branda et al. 2017 (55) Acute EM

WCS f/b C6; WCS f/b VlsE CFLIA; VlsE FLIA f/b 

C6 25 38; 36; 54

Branda et al. 2017 (47) Convalescent EM

WCS f/b C6; WCS f/b VlsE CFLIA; VlsE FLIA f/b 

C6 55 72; 66; 72

Molins et al. 2016 (95) EM, ENB, LC Vidas f/b C6 or VlsE3 60.2 (56.8-64.2)* 66.8 (65.2-68.4)3

Lipsett et al. 2016 (114) All disease stages combined WCS f/b C6 81.6 (73-88) 79.8 (71.1-86.5)

Pegalajar-Jurado et al. 2018 

(40) Acute EM VlsE f/b C6; WCS f/b C6; WCS f/b VlsE 43; 43; 50** 50; 55; 58

Pegalajar-Jurado et al. 2018 

(38) Convalescent EM VlsE f/b C6; WCS f/b C6; WCS f/b VlsE 61; 61; 63 76; 79; 76

Pegalajar-Jurado et al. 2018 

(124) All disease stages combined VlsE f/b C6; WCS f/b C6; WCS f/b VlsE 66, 67; 71 75: 78: 77

Zweitzig et al. 2019 (30) Acute EM VlsE /PEPC10 f/b WCS 50 73.3

Zweitzig et al. 2019 (30) Convalescent EM VlsE /PEPC10 f/b WCS 76.7 83.3

Zweitzig et al. 2019 (56)

Early disseminated disease-stage 

2 VlsE /PEPC10 f/b WCS 60.7 66.1

Branda et al. 2011 (29) LA, LNB WCS f/b C6 100 (86-100) 100 (86-100)

Branda et al. 2018 (122) LA, LNB WCS f/b C6 96 (91-98) 98 (93-99)

Molins et al. 2016 (29) LA Vidas f/b C6 or VlsE3 98.9 (97-100) 100

Zweitzig et al. 2019 (50)

Late disseminated disease-stage 

3 VlsE /PEPC10 f/b WCS 100 100
Adapted from: Hatchette T, Robbin L; Lyme Disease Diagnostics Working Group. Modified two-tiered testing algorithm for Lyme disease serology: the Canadian context. 
Can Commun Dis Rep. 2020;46(5):125-31. Available from: https://doi.org/10.14745/ccdr.v46i05a05
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Table 3. Specificity of standard and modified serological testing for Lyme disease in control subjects 

Reference (sample size) Patient cohort 2 EIAs combinations used1

MTTT specificity % 

(CI)

Overall controls

Branda et al. 2011 (1300) Healthy and symptomatic controls WCS f/b C6 99.5 (98.9-99.8)

Branda et al. 2018 (2208)

Healthy controls & patients with other 

diseases WCS f/b C6 99.5 (99.1-99.8)

Molins et al. 2016 (347)

Healthy controls & patients with other 

diseases Vidas f/b C6 or VlsE2 98.3 (96.2-99.3)

Lipsett et al. 2016 (931) Healthy and symptomatic controls WCS f/b C6 96.5 (94.6-97.6)**

Pegalajar-Jurado et al. 

2018 (347)

Healthy controls & patients with other 

diseases VlsE f/b C6; WCS f/b C6; WCS f/b VlsE 99.4; 97.7; 98.8

Zweitzig et al. 2019 (190)

Healthy controls & patients with other 

diseases VlsE /PEPC10 f/b WCS 98.9

Unhealthy controls only

Branda et al. 2011 (54) Symptomatic controls WCS f/b C6 100

Branda et al. 2017 (50) Patients with other diseases

WCS f/b C6; WCS f/b VlsE CLIA; VlsE 

CLIAf/b C6 98

Molins et al. 2016 (144) Patients with other diseases Vidas f/b C6 or VlsE2 98.2 (96.5 -100)**

Lipsett et al. 2016 (830) Symptomatic controls WCS f/b C6 96.5 (94.6-97.6)**

Pegalajar-Jurado et al. 

2018 (144) Patients with other diseases VlsE f/b C6; WCS f/b C6; WCS f/b VlsE 100; 96.5; 98

Zweitzig et al. 2019 (90) Patients with other diseases VlsE /PEPC10 f/b WCS 97.8
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“Science rarely advances by revolution. Science is an 
activity carried out by hundreds of thousands of 
researchers all contributing to the general picture that 
eventually emerges.”

Eric Scerii

Historian 

U of California at Los Angeles 

From New York Times
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Advantages and Disadvantages of the MTTT Compared to STTT
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Advantages

• Improved sensitivity for the 
detection of early infection (>25% 
improvement)

• Less costly

• Less laborious

• Less subjectivity

• Faster TAT

Disadvantages

• Cannot be used to rule out early 
localized disease (sen: <90%)

• Similar to STTT, MTTT cannot 
differentiate between recent and 
past infection or re-infections

• May provide lower specificity in low 
prevalence area (data unclear)
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Recommendations by CDC AND CPHLN

• “When cleared by FDA for this purpose, serologic assays that utilize EIA 
rather than western immunoblot assay in a two-test format are acceptable 
alternatives for the laboratory diagnosis of Lyme disease.” 
• Mead P, Petersen J, Hinckley A. Updated CDC recommendation for serologic diagnosis of Lyme disease. MMWR 

Morb Mortal Wkly Rep. 2019;68:703. Available from: http://dx.doi.org/10.15585/mmwr.mm6832a4external 

icon

• “Our working group agrees with the recommendation by the United States 
Centers for Disease Control that serological testing for LD using MTTT is an 
acceptable alternative to STTT.”
• Hachette T, Lindsay R; Lyme Disease Diagnostics Working Group. Modified two-tiered testing algorithm for 

Lyme disease serology: the Canadian context. Can Comm Dis Rep. 2020;46(5):125-31. Available from: 
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-
communicable-disease-report-ccdr/monthly-issue/2020-46/issue-5-may-7-2020/ccdrv46i05a05-eng.pdf

http://dx.doi.org/10.15585/mmwr.mm6832a4
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2020-46/issue-5-may-7-2020/ccdrv46i05a05-eng.pdf
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IDSA draft statement: https://www.idsociety.org/practice-
guideline/lyme-disease/
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• Serological testing for Lyme Disease 

• “Serum antibody tests should be performed using clinically validated assays in a 
conventional 2-tiered testing protocol, in which an enzyme immunoassay (EIA) or 
indirect fluorescent antibody test (IFA) is followed by immunoglobulin M (IgM) and 
IgG immunoblots, or in a modified 2-tiered testing protocol, in which 2 different EIAs
are performed sequentially or concurrently without the use of immunoblots [23–
27].”

Lantos PM, Rumbaugh J, Bockenstedt LK, Falck-Ytter YT, Aguero-Rosenfeld ME, Auwaerter PG, et al. Clinical practice guidelines by the Infectious Diseases Society of America (IDSA), American Academy of Neurology 
(AAN), and American College of Rheumatology (ACR): 2020 guidelines for the prevention, diagnosis and treatment of Lyme disease. Clin Infect Dis. 2021;72(1):e1-48. Available from: 
https://doi.org/10.1093/cid/ciab049

https://doi.org/10.1093/cid/ciab049
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As of April 1, 2023, PHO is Implementing Modified-two Tier-testing 
(MTTT)

1. ELISA testing (whole 
cell lysate

Negative No serological evidence of 
infection

Positive/Indeterminate

2. Second ELISA testing 
(VlsE recombinant 
antigen)

Provide overall results
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Testing Indications

• Serological testing of asymptomatic patients, including individuals following a tick bite, 
is not recommended.

• Serological testing for individuals with Erythema migrans, acute phase (seasonal 
occurrence and exposure in an endemic/risk area) is generally not recommended.

• Serological testing is useful for individuals in the absence of a rash, presenting with 
non-specific symptoms where Lyme disease is suspected. An acute and convalescent 
specimen (2-4 weeks apart) may be required for laboratory confirmation of Lyme 
disease.

• Serological tests should not be used to assess treatment response.

• When European Lyme is suspected, European Lyme serology should be specifically 
stated on the requisition along with exposure to tick bite and RECENT travel history 
(≤ 12 months) including location and dates
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Lyme Disease 
Test Result 
Interpretation
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Lyme Tier 1 EIA Lyme Tier 2 EIA Borrelia burgdorferi (Lyme disease) serology interpretation

Non- Reactive Not tested Non- Reactive

Advise follow-up specimen (2-4 weeks apart) if clinically indicated.

Indeterminate Non- Reactive Non- Reactive

The results should be interpreted within the clinical context.

Advise follow-up specimen (2-4 weeks apart) if clinically indicated.
Indeterminate Indeterminate Indeterminate

The results should be interpreted within the clinical context.

Advise follow-up specimen (2-4 weeks apart) if clinically indicated.

Copy of results sent to MOH.
Indeterminate Reactive Reactive

The results should be interpreted within the clinical context.

Copy of results sent to MOH.
Reactive Non- Reactive Non- Reactive

The results should be interpreted within the clinical context.

Advise follow-up specimen (2-4 weeks apart) if clinically indicated.

Reactive Indeterminate Reactive

The results should be interpreted within the clinical context.

Copy of results sent to MOH.
Reactive Reactive Reactive

The results should be interpreted within the clinical context.

Copy of results sent to MOH.
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Lyme Disease Serological Testing Changes:
Implications for Practice
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Testing Changes: Implications for Practice
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• Potential for more early cases identified

• Diagnosis of early localized Lyme disease is still a clinical diagnosis

• Minimal changes to interpretation of results

• Lyme disease test information sheet: results interpretation

• Minimal changes to iPHIS case entry

• Updated Lyme disease Ontario Investigation Tool (OIT)

• Updated Ontario Health Clinical Guidance Document

• Management of Tick Bites and Investigation of Early Localized Lyme Disease

• Updated Ministry of Health Appendix 1: Lyme Disease
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Ontario Investigation Tool Updates
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Source: Ontario Agency for Health Protection and Promotion (Public Health Ontario). Lyme disease investigation tool [Internet]. Toronto, ON: King’s Printer for Ontario; 2023 [cited 2023 Apr 13]. 
Available from: https://www.publichealthontario.ca/-/media/Documents/I/2017/investigation-tool-lyme-case-
management.DOCX?la=en&rev=ae991677db8b40889713cd7d5696ecee&sc_lang=en&hash=0DAA0CC6BF03B491E1A4D35CACA3B16E

OLD

NEW

https://www.publichealthontario.ca/-/media/Documents/I/2017/investigation-tool-lyme-case-management.DOCX?la=en&rev=ae991677db8b40889713cd7d5696ecee&sc_lang=en&hash=0DAA0CC6BF03B491E1A4D35CACA3B16E
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Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Summary

• Effective Apr 1, 2023 PHO implemented modified two-tier testing (MTTT) 
for detection of antibodies against B. burgdorferi (Lyme Disease)

• The MTTT algorithm has been endorsed by the Centers for Disease Control 
and Prevention (CDC) as well as the Canadian Public Health Laboratory 
Network (CPHLN) as an acceptable alternative method to the standard 
two-tier testing (STTT)

• Sensitivity of MTTT is higher (15-25%) than STTT in detecting antibodies 
during early-localized Lyme disease 

• PHO has updated iPHIS and the Lyme disease OIT to meet the new testing 
updates
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Links
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• Lyme Disease Ontario Investigation Tool
• https://www.publichealthontario.ca/en/diseases-and-conditions/infectious-diseases/ccm/oit

• Lyme Disease Test Information Sheet
• https://www.publichealthontario.ca/en/Laboratory-Services/Test-Information-Index

• Ontario Lyme Disease Estimated Risk Areas Map
• https://www.publichealthontario.ca/en/Diseases-and-Conditions/Infectious-Diseases/Vector-Borne-Zoonotic-Diseases/Lyme-

disease

• Ontario Health Clinical Guidance Document: Management of Tick Bites and 
Investigation of Early Localized Lyme Disease
• https://www.hqontario.ca/Evidence-to-Improve-Care/Evidence-and-Health-Quality-Ontario/Guidance-Documents

• Ministry of Health Appendix 1: Lyme Disease
• https://www.health.gov.on.ca/en/pro/programs/publichealth/oph_standards/docs/lyme_disease_chapter.pdf

https://www.publichealthontario.ca/en/diseases-and-conditions/infectious-diseases/ccm/oit
https://www.publichealthontario.ca/en/Laboratory-Services/Test-Information-Index
https://www.publichealthontario.ca/en/Diseases-and-Conditions/Infectious-Diseases/Vector-Borne-Zoonotic-Diseases/Lyme-disease
https://www.hqontario.ca/Evidence-to-Improve-Care/Evidence-and-Health-Quality-Ontario/Guidance-Documents
https://www.health.gov.on.ca/en/pro/programs/publichealth/oph_standards/docs/lyme_disease_chapter.pdf
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Cases
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Case #1

• 68-year-old retired nurse living in Ottawa area was bitten by a tick 
while gardening

• She took the tick to her local public health unit, but the tick was not 
sent to the laboratory at Public Health Ontario for identification

• A few days later she developed a rash and “flu-like” symptoms

• Upon examination – erythematous rash at the site of the bite 
measuring 8 cm

• Treated with doxycycline for two weeks

• Doctor did not test her for Lyme disease antibodies
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Case #1 Questions

• What evidence supports the diagnosis of early localized Lyme 
disease? 

• Should the physician have ordered serology?

• Patient returns and insists on getting tested for Lyme disease. 
How would you counsel her? 
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Case #1 Questions

• What evidence supports the diagnosis of early localized Lyme 
disease? 

• Should the physician have ordered serology?

• Patient returns and insists on getting tested for Lyme disease. 
How would you counsel her? 
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Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Source: Health Quality 
Ontario. Clinical guidance 
document: management of 
tick bites and investigation of 
early localized Lyme disease. 
Toronto, ON: King’s Printer 
for Ontario; 2023. Available 
from: 
https://www.hqontario.ca/P
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e/qs-lyme-disease-clinical-
guidance-2023-en.pdf
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Source: Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of  early localized Lyme disease. Toronto, ON: King’s Printer for 
Ontario; 2023. Available from:  https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Case #2

• 19 year old student lives in Kitchener

• Presented to a doctor with a 1 week history of rash (circular 
erythematous patch)

• General “flu-like” symptoms (i.e., fatigue, chills, fever, 
headache, muscle and joint aches, and swollen lymph nodes)

• No travel history to risk areas and no possible contact with 
ticks in past month

• Initial thoughts and work-up? 
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Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Source: Ontario Agency for Health Protection and Promotion (Public Health Ontario). Ontario Lyme disease map 2022 estimated risk areas [Internet]. Toronto, ON: Queen's 
Printer for Ontario; 2022 [cited 2023 Apr 6]. Available from: https://www.publichealthontario.ca/-/media/Documents/O/2022/lyme-disease-risk-area-map-2022.pdf

https://www.publichealthontario.ca/-/media/Documents/O/2022/lyme-disease-risk-area-map-2022.pdf
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Source: Health Quality Ontario. Clinical guidance document: management of tick bites and investigation of early localized Lyme disease. Toronto, ON: King’s Printer for Ontario; 2023. Available 
from: https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf

https://www.hqontario.ca/Portals/0/documents/evidence/qs-lyme-disease-clinical-guidance-2023-en.pdf
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Questions?
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	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; C6
	WCS; C6
	WCS; C6
	WCS; C6


	88
	88
	88


	98
	98
	98


	28
	28
	28


	8
	8
	8


	9798
	9798
	9798


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE; C6
	VlsE; C6
	VlsE; C6
	VlsE; C6


	88
	88
	88


	98
	98
	98


	8
	8
	8


	9798
	9798
	9798


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; C6
	WCS; C6
	WCS; C6
	WCS; C6


	100
	100
	100


	98
	98
	98


	23
	23
	23


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; VlsE
	WCS; VlsE
	WCS; VlsE
	WCS; VlsE


	100
	100
	100


	99
	99
	99


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE; C6
	VlsE; C6
	VlsE; C6
	VlsE; C6


	100
	100
	100


	99
	99
	99


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS


	66.1
	66.1
	66.1


	98.9
	98.9
	98.9


	16
	16
	16


	31
	31
	31


	9775
	9775
	9775


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	Late disseminated
	Late disseminated
	Late disseminated
	Late disseminated


	WCS; C6
	WCS; C6
	WCS; C6


	100
	100
	100


	99.5
	99.5
	99.5


	18
	18
	18


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; C6
	WCS; C6
	WCS; C6
	WCS; C6


	100
	100
	100


	98
	98
	98


	28
	28
	28


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE; C6
	VlsE; C6
	VlsE; C6
	VlsE; C6


	100
	100
	100


	98
	98
	98


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; C6
	WCS; C6
	WCS; C6
	WCS; C6


	100
	100
	100


	98
	98
	98


	23
	23
	23


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS; VlsE
	WCS; VlsE
	WCS; VlsE
	WCS; VlsE


	100
	100
	100


	99
	99
	99


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE; C6
	VlsE; C6
	VlsE; C6
	VlsE; C6


	100
	100
	100


	99
	99
	99


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS


	100
	100
	100


	98.9
	98.9
	98.9


	16
	16
	16


	0
	0
	0


	9806
	9806
	9806


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	All patients combined
	All patients combined
	All patients combined
	All patients combined


	WCS; C6
	WCS; C6
	WCS; C6


	68
	68
	68


	99.5
	99.5
	99.5


	18
	18
	18


	107
	107
	107


	9699
	9699
	9699


	99.5 [99.4 to 99.7]
	99.5 [99.4 to 99.7]
	99.5 [99.4 to 99.7]



	WCS; C6
	WCS; C6
	WCS; C6
	WCS; C6


	76
	76
	76


	98
	98
	98


	28
	28
	28


	72
	72
	72


	9734
	9734
	9734


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE; C6
	VlsE; C6
	VlsE; C6
	VlsE; C6


	73
	73
	73


	98
	98
	98


	84
	84
	84


	9722
	9722
	9722


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS/C6
	WCS/C6
	WCS/C6
	WCS/C6


	78
	78
	78


	98
	98
	98


	23
	23
	23


	64
	64
	64


	9742
	9742
	9742


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	WCS/VlsE
	WCS/VlsE
	WCS/VlsE
	WCS/VlsE


	77
	77
	77


	99
	99
	99


	68
	68
	68


	9738
	9738
	9738


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE/C6
	VlsE/C6
	VlsE/C6
	VlsE/C6


	75
	75
	75


	99
	99
	99


	76
	76
	76


	9730
	9730
	9730


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]



	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS
	VlsE/C10; WCS


	81
	81
	81


	98.9
	98.9
	98.9


	16
	16
	16


	53
	53
	53


	9753
	9753
	9753


	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
	99.6 [99.4 to 99.7]
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	Reference (sample size)
	Reference (sample size)
	Reference (sample size)
	Reference (sample size)


	Disease manifestations1
	Disease manifestations1
	Disease manifestations1


	2 EIAscombinations used2
	2 EIAscombinations used2
	2 EIAscombinations used2


	STTTsensitivity (CI)4
	STTTsensitivity (CI)4
	STTTsensitivity (CI)4


	MTTT5sensitivity % (CI)
	MTTT5sensitivity % (CI)
	MTTT5sensitivity % (CI)



	Branda et al. 2011 (140)
	Branda et al. 2011 (140)
	Branda et al. 2011 (140)
	Branda et al. 2011 (140)


	EM, ENB, LC
	EM, ENB, LC
	EM, ENB, LC


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	48 (40-56)
	48 (40-56)
	48 (40-56)


	61 (53-69)
	61 (53-69)
	61 (53-69)



	Branda et al. 2018 (318)
	Branda et al. 2018 (318)
	Branda et al. 2018 (318)
	Branda et al. 2018 (318)


	EM, ENB
	EM, ENB
	EM, ENB


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	41 (36-46)
	41 (36-46)
	41 (36-46)


	60 (55-66)
	60 (55-66)
	60 (55-66)



	Brandaet al. 2017 (55)
	Brandaet al. 2017 (55)
	Brandaet al. 2017 (55)
	Brandaet al. 2017 (55)


	Acute EM
	Acute EM
	Acute EM


	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6
	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6
	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6


	25
	25
	25


	38; 36; 54
	38; 36; 54
	38; 36; 54



	Branda et al. 2017 (47)
	Branda et al. 2017 (47)
	Branda et al. 2017 (47)
	Branda et al. 2017 (47)


	Convalescent EM
	Convalescent EM
	Convalescent EM


	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6
	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6
	WCS f/b C6; WCS f/b VlsECFLIA; VlsEFLIAf/b C6


	55
	55
	55


	72; 66; 72
	72; 66; 72
	72; 66; 72



	Molins et al. 2016 (95)
	Molins et al. 2016 (95)
	Molins et al. 2016 (95)
	Molins et al. 2016 (95)


	EM, ENB, LC
	EM, ENB, LC
	EM, ENB, LC


	Vidasf/b C6 or VlsE3
	Vidasf/b C6 or VlsE3
	Vidasf/b C6 or VlsE3


	60.2 (56.8-64.2)*
	60.2 (56.8-64.2)*
	60.2 (56.8-64.2)*


	66.8 (65.2-68.4)3
	66.8 (65.2-68.4)3
	66.8 (65.2-68.4)3



	Lipsett et al. 2016 (114)
	Lipsett et al. 2016 (114)
	Lipsett et al. 2016 (114)
	Lipsett et al. 2016 (114)


	All disease stages combined
	All disease stages combined
	All disease stages combined


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	81.6 (73-88)
	81.6 (73-88)
	81.6 (73-88)


	79.8 (71.1-86.5)
	79.8 (71.1-86.5)
	79.8 (71.1-86.5)



	Pegalajar-Jurado et al. 2018 (40)
	Pegalajar-Jurado et al. 2018 (40)
	Pegalajar-Jurado et al. 2018 (40)
	Pegalajar-Jurado et al. 2018 (40)


	Acute EM
	Acute EM
	Acute EM


	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE


	43; 43; 50**
	43; 43; 50**
	43; 43; 50**


	50; 55; 58
	50; 55; 58
	50; 55; 58



	Pegalajar-Jurado et al. 2018 (38)
	Pegalajar-Jurado et al. 2018 (38)
	Pegalajar-Jurado et al. 2018 (38)
	Pegalajar-Jurado et al. 2018 (38)


	Convalescent EM
	Convalescent EM
	Convalescent EM


	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE


	61; 61; 63
	61; 61; 63
	61; 61; 63


	76; 79; 76
	76; 79; 76
	76; 79; 76



	Pegalajar-Jurado et al. 2018 (124)
	Pegalajar-Jurado et al. 2018 (124)
	Pegalajar-Jurado et al. 2018 (124)
	Pegalajar-Jurado et al. 2018 (124)


	All disease stages combined
	All disease stages combined
	All disease stages combined


	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE
	VlsEf/b C6; WCS f/b C6; WCS f/b VlsE


	66, 67; 71
	66, 67; 71
	66, 67; 71


	75: 78: 77
	75: 78: 77
	75: 78: 77



	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)


	Acute EM
	Acute EM
	Acute EM


	VlsE/PEPC10 f/b WCS
	VlsE/PEPC10 f/b WCS
	VlsE/PEPC10 f/b WCS


	50
	50
	50


	73.3
	73.3
	73.3



	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)
	Zweitzig et al. 2019 (30)


	Convalescent EM
	Convalescent EM
	Convalescent EM


	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS


	76.7
	76.7
	76.7


	83.3
	83.3
	83.3



	Zweitzig et al. 2019 (56)
	Zweitzig et al. 2019 (56)
	Zweitzig et al. 2019 (56)
	Zweitzig et al. 2019 (56)


	Early disseminated disease-stage 2
	Early disseminated disease-stage 2
	Early disseminated disease-stage 2


	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS


	60.7
	60.7
	60.7


	66.1
	66.1
	66.1



	Branda et al. 2011 (29)
	Branda et al. 2011 (29)
	Branda et al. 2011 (29)
	Branda et al. 2011 (29)


	LA, LNB
	LA, LNB
	LA, LNB


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	100 (86-100)
	100 (86-100)
	100 (86-100)


	100 (86-100)
	100 (86-100)
	100 (86-100)



	Branda et al. 2018 (122)
	Branda et al. 2018 (122)
	Branda et al. 2018 (122)
	Branda et al. 2018 (122)


	LA, LNB
	LA, LNB
	LA, LNB


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	96 (91-98)
	96 (91-98)
	96 (91-98)


	98 (93-99)
	98 (93-99)
	98 (93-99)



	Molins et al. 2016 (29)
	Molins et al. 2016 (29)
	Molins et al. 2016 (29)
	Molins et al. 2016 (29)


	LA
	LA
	LA


	Vidas f/b C6 or VlsE3
	Vidas f/b C6 or VlsE3
	Vidas f/b C6 or VlsE3


	98.9 (97-100)
	98.9 (97-100)
	98.9 (97-100)


	100
	100
	100



	Zweitziget al. 2019 (50)
	Zweitziget al. 2019 (50)
	Zweitziget al. 2019 (50)
	Zweitziget al. 2019 (50)


	Late disseminated disease-stage 3
	Late disseminated disease-stage 3
	Late disseminated disease-stage 3


	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS


	100
	100
	100


	100
	100
	100
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	Reference (sample size)
	Reference (sample size)
	Reference (sample size)
	Reference (sample size)


	Patient cohort
	Patient cohort
	Patient cohort


	2 EIAscombinations used1
	2 EIAscombinations used1
	2 EIAscombinations used1


	MTTTspecificity % (CI)
	MTTTspecificity % (CI)
	MTTTspecificity % (CI)



	Overall controls
	Overall controls
	Overall controls
	Overall controls



	Branda et al. 2011 (1300)
	Branda et al. 2011 (1300)
	Branda et al. 2011 (1300)
	Branda et al. 2011 (1300)


	Healthy and symptomatic controls 
	Healthy and symptomatic controls 
	Healthy and symptomatic controls 


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	99.5 (98.9-99.8)
	99.5 (98.9-99.8)
	99.5 (98.9-99.8)



	Branda et al. 2018 (2208)
	Branda et al. 2018 (2208)
	Branda et al. 2018 (2208)
	Branda et al. 2018 (2208)


	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	99.5 (99.1-99.8)
	99.5 (99.1-99.8)
	99.5 (99.1-99.8)



	Molins et al. 2016 (347)
	Molins et al. 2016 (347)
	Molins et al. 2016 (347)
	Molins et al. 2016 (347)


	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases


	Vidas f/b C6 or VlsE2
	Vidas f/b C6 or VlsE2
	Vidas f/b C6 or VlsE2


	98.3 (96.2-99.3)
	98.3 (96.2-99.3)
	98.3 (96.2-99.3)



	Lipsett et al. 2016 (931)
	Lipsett et al. 2016 (931)
	Lipsett et al. 2016 (931)
	Lipsett et al. 2016 (931)


	Healthy and symptomatic controls 
	Healthy and symptomatic controls 
	Healthy and symptomatic controls 


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	96.5 (94.6-97.6)**
	96.5 (94.6-97.6)**
	96.5 (94.6-97.6)**



	Pegalajar-Jurado et al. 2018 (347)
	Pegalajar-Jurado et al. 2018 (347)
	Pegalajar-Jurado et al. 2018 (347)
	Pegalajar-Jurado et al. 2018 (347)


	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases


	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE
	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE
	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE


	99.4; 97.7; 98.8
	99.4; 97.7; 98.8
	99.4; 97.7; 98.8



	Zweitzig et al. 2019 (190)
	Zweitzig et al. 2019 (190)
	Zweitzig et al. 2019 (190)
	Zweitzig et al. 2019 (190)


	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases
	Healthy controls & patients with other diseases


	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS
	VlsE /PEPC10 f/b WCS


	98.9
	98.9
	98.9



	Unhealthy controls only
	Unhealthy controls only
	Unhealthy controls only
	Unhealthy controls only



	Branda et al. 2011 (54)
	Branda et al. 2011 (54)
	Branda et al. 2011 (54)
	Branda et al. 2011 (54)


	Symptomatic controls
	Symptomatic controls
	Symptomatic controls


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	100
	100
	100



	Branda et al. 2017 (50)
	Branda et al. 2017 (50)
	Branda et al. 2017 (50)
	Branda et al. 2017 (50)


	Patients with other diseases
	Patients with other diseases
	Patients with other diseases


	WCS f/b C6; WCS f/b VlsE CLIA; VlsE CLIAf/b C6
	WCS f/b C6; WCS f/b VlsE CLIA; VlsE CLIAf/b C6
	WCS f/b C6; WCS f/b VlsE CLIA; VlsE CLIAf/b C6


	98
	98
	98



	Molins et al. 2016 (144)
	Molins et al. 2016 (144)
	Molins et al. 2016 (144)
	Molins et al. 2016 (144)


	Patients with other diseases
	Patients with other diseases
	Patients with other diseases


	Vidas f/b C6 or VlsE2
	Vidas f/b C6 or VlsE2
	Vidas f/b C6 or VlsE2


	98.2 (96.5 -100)**
	98.2 (96.5 -100)**
	98.2 (96.5 -100)**



	Lipsett et al. 2016 (830)
	Lipsett et al. 2016 (830)
	Lipsett et al. 2016 (830)
	Lipsett et al. 2016 (830)


	Symptomatic controls
	Symptomatic controls
	Symptomatic controls


	WCS f/b C6
	WCS f/b C6
	WCS f/b C6


	96.5 (94.6-97.6)**
	96.5 (94.6-97.6)**
	96.5 (94.6-97.6)**



	Pegalajar-Juradoet al. 2018 (144)
	Pegalajar-Juradoet al. 2018 (144)
	Pegalajar-Juradoet al. 2018 (144)
	Pegalajar-Juradoet al. 2018 (144)


	Patients with other diseases
	Patients with other diseases
	Patients with other diseases


	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE
	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE
	VlsE f/b C6; WCS f/b C6; WCS f/b VlsE


	100; 96.5; 98
	100; 96.5; 98
	100; 96.5; 98



	Zweitzig et al. 2019 (90)
	Zweitzig et al. 2019 (90)
	Zweitzig et al. 2019 (90)
	Zweitzig et al. 2019 (90)


	Patients with other diseases
	Patients with other diseases
	Patients with other diseases


	VlsE/PEPC10 f/b WCS
	VlsE/PEPC10 f/b WCS
	VlsE/PEPC10 f/b WCS


	97.8
	97.8
	97.8
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	Eric Scerii
	Historian 
	U of California at Los Angeles 
	From New York Times
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	Advantages
	Advantages

	•Improved sensitivity for the detection of early infection (>25% improvement)
	•Improved sensitivity for the detection of early infection (>25% improvement)
	•Improved sensitivity for the detection of early infection (>25% improvement)
	•Improved sensitivity for the detection of early infection (>25% improvement)

	•Less costly
	•Less costly

	•Less laborious
	•Less laborious

	•Less subjectivity
	•Less subjectivity

	•Faster TAT
	•Faster TAT


	Disadvantages

	•Cannot be used to rule out early localized disease (sen: <90%)
	•Cannot be used to rule out early localized disease (sen: <90%)
	•Cannot be used to rule out early localized disease (sen: <90%)
	•Cannot be used to rule out early localized disease (sen: <90%)

	•Similar to STTT, MTTTcannot differentiate between recent and past infection or re-infections
	•Similar to STTT, MTTTcannot differentiate between recent and past infection or re-infections
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