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Lyme Disease

• Disease

– Borrelia burgdoferi sensu stricto

– Tick borne infection

– Primary sites of transmission include the 

Northeast, Upper Midwest, and Northern 

California

– Clinical presentation varies in patients later 

in disease 
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Lyme Disease

• Syndromes

– Early localized (Erythema migrans)

– Early disseminated

– Late disseminated

– Chronic post-treatment symptoms

N Engl J Med. 2001 Jul 12;345(2):115-25.

PPID

https://www-ncbi-nlm-nih-gov.libproxy1.upstate.edu/pubmed/11450660?dopt=Abstract


Lyme Disease

Lyme meningitis Lyme arthritis

https://www.cdc.gov/lyme/resources/TickborneDiseases.pdf

Lyme carditis
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Lyme Disease

• Vector

NIH

CDC
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Lyme Disease

• Treatment

– Doxycycline 

– Amoxicillin

– Cefuroxime

– Ceftriaxone

– Cefotaxime

– Penicillin G



Diagnostics

• Standard

– Clinical (EM rash)

– Two Step testing

• ELISA

• Immunoblot

– Combination of  23 and 41kDa 

bands may be false positive for 

IgM testing

– Half the population has 41kDa IgG 

reactivity



Two Step Testing Approach

Onset of 

Symptoms

Antibody/EI

A

Bands to Consider

First few weeks IgM 2 of the following: 24, 39, 41

After first few weeks IgG 5 of the following: 18, 23, 28, 30, 39, 41, 45, 58, 

66, 93



Diagnostics

JID 1993; 16: 392.



Diagnostics

• PCR

– Only recommended for use in synovial fluid

– Burden of organism not found to be in 

sufficient quantities for blood or CSF  

Arthritis Rheum. 2011; 63: 2238-47



Diagnostics

• C6 peptide ELISA

– Comparable to two tiered testing

– IgG antibodies develop early

– May have higher sensitivity in patients 

infected with other genotypes

– Titers may indicate response to treatment

CID. 2008; 47(2): 188

Eur J Clin Microbiol Infect Dis 23: 615-8

Clin Vaccine Immunol. 15: 115-19.

j Clin Microbiol. 41; 4955-4960

Clin Diagn Lab Immunol. 12: 1069-74



Diagnostics

CID. 2008; 47(2): 188



Diagnostics

Clin Vaccine Immunol. 15: 115-19.



Diagnostics

Clin Diagn Lab Immunol. 12: 1069-74



Diagnostics

• Shortcomings of Current Diagnostics

– Insensitive early in the course of illness

– Sensitivity may be lower if infected with a 

different genotype

– Indirect tests

– False positives

– ”Bad” reference laboratories

JID. 2003; 187: 1187-1199
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Diagnostics

CID 2014. 59(12): 1705-10.
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Diagnostics

What about the patients with chronic 

symptoms and repeatedly negative tests?



Chronic Symptoms

• Symptoms

– General malaise (i.e. feeling unwell)

– Arthritis, arthralgias, or myalgias

– Headaches

– Brain fog

– Fatigue

– Pain and paresthesias



Chronic Symptoms

• Antibiotic-refractory Lyme arthritis

– Synovial cell hyperplasia

– Vascular proliferation

– Infiltration of mononuclear cells (T cells)

– Upregulation of adhesion molecules

– May be more likely with RST1 strains

– Vast majority of these patients are negative 

on culture and PCR

Arthritis Rheum. 2006; 54: 3079-86

Nat Rev Immunol. 2004; 4: 143-52.



Chronic Symptoms

• Antibiotic-refractory Lyme arthritis
– Some mouse models with high pathogen load have 

shown that spirochetal antigens are retained near 

cartilage surfaces after antibiotic therapy

– Patients often homozygous for TLR1 polymorphism 

(1805GG)

– HLA-DR specific alleles (DRB1  0101 and 0401)

• Endothelial cell growth factor autoantibodies

J Clin Invest. 2012:122: 2622-2660

Arthritis Rheum. 2012: 64: 1497-1507

Arthritis Rheum. 2008.; 58:3892-3901

Arthritis Rheum. 2013; 65: 186-196.



Infect Dis Ther. 2018 Nov 30 (Epub ahead of print)



Chronic Symptoms

• Chronic Neurologic Manifestations

– Chronic axonal polyneuropathy with 

radicular pain or distal paresthesias

– Lyme encephalopathy

• Subtle cognitive disturbances

Neurology. 1992; 42: 303-11

NEJM. 1990.; 323: 1438-1444. .



Chronic Symptoms

• Persistent Infection?
– Some animal studies indicating persistence

– Several RCTs have not provided evidence that retreatment 

with prolonged courses of antibiotics significantly help

• One study indicated improvement in fatigue

• One small study indicated a temporary cognitive improvement

Am J Path. 2018; 188(3): 672-82.

NEJM. 2001; 345(2): 85.

Neurology. 2003.; 60(12): 1916.

Neurology. 2003; 60(12): 1923

Neurology. 2008; 70(13):992

NEJM. 2016;374(13):1209-20.



Chronic Symptoms

• Wrong diagnosis

– Other infections

– Co-infections

– Autoimmune disorders



Chronic Symptoms

J. Clin. Med. 2018, 7(12), 506

1220 European adults



Treatment

What is there to do?



Treatment

Arthritis Rheum. 2013; 65: 291-302



Treatment

• Gabapentin

– Pilot study performed

– Pain improved in 9/10 patients

• DMARDS such as methotrexate or 

infliximab have been used for antibiotic 

refractory arthritis
Dermatology. 2005;211(2):123-7

Arth & Rheum 2006;54(1):3079-86.

https://www-ncbi-nlm-nih-gov.libproxy1.upstate.edu/pubmed/16088158


Treatment



Dangers

• Misdiagnosis

JAMA Intern Med. 2015; 175(1):132-33.



Dangers

• Line infections

CID. 2000;31(4):1107-9

MMWR. 2017;66(23).607-9.



Dangers

Clin Infect Dis. 2010;51:369–370.



Dangers

Antibiotic

adverse effects



Dangers

• Retrospective cohort analysis of medical and 

pharmacy claims of patients with PLDS

– Infections increased by 22% and 17% in the IV and Oral 

treatment groups respectively

– Emergency room visits were 11.3% vs 0.9% in IV treated 

compared to untreated patients respectively

CID 2018. In press



Dangers

CID 2018. In press



Dangers

CID 2018 Nov 21 (Epub ahead of print)



Controversy

• Need for additional research

• Subpar diagnostics

• Suffering patients

Who is right?



Prevention

• PPE

– DEET  (~25%)

– Picaridin

– Permethrin (not for skin)

• Doxycycline 200 mg PO x 1 if given 

within 72 hours of engorged tick

NEJM. 2001; 345(2): 79



Prevention

• Lymerix

– OspA vaccine approved in late 90s

– Immunogenic and efficacious

– Controversy over lyme arthritis type 

symptoms in vaccine recipients

• Specific epitopes of concern (hLFA-1)

Epidemiol Infect 2007; 135:1-8



Prevention

Adapted from NEJM. 1998; 339: 209-15. 



Prevention

• Valneva vaccine candidate VLA15

– Targets OspA

– Phase 1 study completed

• No safety concerns in any treatment groups

• Immunogenic with good OspA IgG responses 

against OspA serotypes

• Phase 2 study (2 sites in US in U.S.) started 

recruiting in December 2018

Data not yet published



Prevention

J Infect Dis 2018 Nov 21 (Epub ahead of print)





Borrelia miyamotoi
• Spread by Ixodes species ticks

• Genetically related to relapsing fever species

• First human cases reported in Russia 2011; U.S. 2013

• Presents with “viral like illness”

– Neurologic symptoms may be more common in 

immunocompromised

• Generally treated with 2-4 weeks of doxycycline

– Jarisch-Herxheimer reaction has been described

• PCR testing and serology is available

– Blood smear also possible



wikipedia
Lyme
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B. miyamotoi



Blacklegged tick

Local unpublished reports 

indicate a 4-5% tick 

infection rate  



Borrelia miyamotoi



Borrelia miyamotoi



NEJM 2013; 368: 291-3.

SEROPREVALENCE

Group 1: 1%

Group 2: 3.2%

Group 3: 21%



Borrelia miyamotoi



One more thing…





Questions?


