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EPIDEMIOLOGY



Cases of Lyme disease by year—
US, 1995-2013



Human Lyme cases by year—
Indiana, 2009–2014



Human Lyme cases by month—
Indiana, 2014





Distribution of Ixodes scapularis, IN



Incidence of human Lyme 
disease—Indiana, 2013



SIGNS AND SYMPTOMS



Early localized stage (3–30 days)

• Erythema migrans (EM) rash

• 70–80% of infected persons

• Up to 12 inch diameter

• Parts of the rash clear as it 
enlarges (“bulls-eye”)

• Warm to the touch

• Not itchy or painful

• Any area of the body

• Fatigue

• Chills

• Fever

• Headache

• Myalgia and arthralgia

• Swollen lymph nodes



Erythema migrans rash

Photos: CDC.

NOTE: A small, red bump at the bite site 

that goes away within a few days is NOT 

an EM rash



Early disseminated stage (days–weeks)

• Additional EM rashes in 
new locations

• Facial or Bell’s palsy

• Meningitis

• Arthritis in large joints

• Shooting pains that may 
interfere with sleep

• Carditis (heart palpitations 
and dizziness)

Lyme-associated Bell’s palsy. 

Photo: CDC.



Late disseminated stage (months–years)

• Intermittent arthritis in 
large joints

– 60% of untreated infections

• Neurologic complaints

– Shooting pains, numbness, 
tingling in hands/feet

– Cognitive problems

– 5% of untreated infections Lyme arthritis in the knees.

Photo: CDC.



Post-treatment Lyme disease 
syndrome (PTLDS)

• 10-20% of patients have symptoms lasting 
months to years after antibiotic treatment

– Myalgia

– Arthralgia

– Cognitive impairment

– Sleep disturbances

– Fatigue

• These symptoms are currently thought to 
reflect an autoimmune process



DIAGNOSIS AND TESTING



Interpretation of diagnostic tests

Lyme positive Lyme negative

Test positive True positives 
a

False positives
b

Test negative False negatives
c

True negatives
d

Gold standard, or “truth”

Test 

results



Interpretation of diagnostic tests

Sensitivity: probability that a test will be positive when 
Lyme disease is present (true positive rate) (a/a+c)

False negative rate: probability that a test will be negative 
when Lyme disease is present (1-sensitivity)

Lyme positive Lyme negative

Test positive True positives 
a

False positives
b

Test negative False negatives
c

True negatives
d



Interpretation of diagnostic tests

Lyme positive Lyme negative

Test positive True positives 
a

False positives
b

Test negative False negatives
c

True negatives
d

Specificity: probability that a test will be negative when 
Lyme disease is not present (true negative rate) (d/b+d)

False positive rate: probability that a test will be positive 
when Lyme disease is not present (1-specificity)



Interpretation of diagnostic tests

Positive predictive value (PPV): the probability that Lyme 
disease is present if a test is positive (a/a+b)

Lyme positive Lyme negative

Test positive True positives 
a

False positives
b

Test negative False negatives
c

True negatives
d



Interpretation of diagnostic tests

Lyme positive Lyme negative

Test positive True positives 
a

False positives
b

Test negative False negatives
c

True negatives
d

Negative predictive value (NPV): the probability that 
Lyme disease is not present if a test is negative (d/c+d)



Interpretation of diagnostic tests

• Sensitivity and specificity are inversely related

• Sensitivity and specificity do not change for a 
given test

• PPV and NPV are dependent upon sensitivity 
and specificity AND the prevalence of disease 
in the population 

• A test with excellent sensitivity and specificity 
might have poor predictive values if used in a 
population with low prevalence of disease



40% 1%

Assuming sensitivity = 98% and specificity = 98%



Factors affecting Lyme prevalence

• Geographic

– Most Lyme disease cases are reported from 10 
states in the Northeast and upper Midwest

– Northwest Indiana has a geographic focus of 
moderate risk

• Symptomatic

– Prevalence of Lyme is highest in patients with 
compatible symptoms

– Prevalence of Lyme is lower in patients with non-
specific symptoms (headache, fatigue, myalgia)





Antibody kinetics in acute disease



Common errors in Lyme testing

• Testing a patient with nonspecific symptoms, or 
symptoms not compatible with Lyme disease

• Skipping the first test

• Interpreting a positive IgM Western Blot for a 
patient who has had symptoms for >30 days, 
especially if they are IgG negative

• Using tests not approved by the Food and Drug 
Administration or validated by CDC



SURVEILLANCE



National Lyme disease surveillance

• CDC conducts surveillance for conditions of 
public health importance as determined by 
the states

• Council of State and Territorial Epidemiologists 
(CSTE) includes Lyme disease on its list of 
notifiable diseases

• 410 IAC 1-2.3-47, 48, and 80 mandate that 
Lyme disease is notifiable in Indiana



Case definition

• Set of uniform criteria used to define a disease 
for public health surveillance

• Enable public health officials to count and 
classify cases consistently

• NOT intended for the diagnosis or clinical 
management of clinical cases

• Case definitions have sensitivity and specificity 
just like laboratory tests



Case definition criteria

• Clinical

– Erythema migrans rash

– Late manifestations affecting the musculoskeletal, nervous,   
or cardiovascular systems

• Laboratory 

– Positive culture for Borrelia burgdorferi

– Positive two-tier testing (EIA/IFA + IgM WB; onset <30d prior)

– Positive two-tier testing (EIA/IFA + IgG WB)

– Positive single-tier testing (IgG WB)

– CSF EIA/IFA > serum EIA/IFA



Surveillance case definition

• Confirmed case

– Erythema migrans + known exposure

– Erythema migrans + laboratory evidence

– Late manifestation + laboratory evidence

• Probable case

– MD diagnosis + laboratory evidence

• Suspect case

– Erythema migrans with no exposure or lab evidence

– Laboratory evidence with no clinical information



TREATMENT





Treatment guideline history

• Nov 2006: Clinical Practice Guidelines released

• Nov 2006: Connecticut Attorney General (CAG) 
initiated an antitrust investigation against IDSA under 
pressure from Lyme activists

• Apr 2008: CAG agreed to end the investigation and   
IDSA agreed to review the guidelines

• Apr 2010: thorough review of the guidelines found 
that they were developed appropriately; no changes 
were recommended





Treatment of Lyme disease

• Early Lyme disease

– Erythema migrans: oral antibiotics (doxycycline, 
amoxicillin, cefuroxime axetil) for 14 days

– Early neurologic Lyme disease: IV antibiotics 
(ceftriaxone) for 14 days

– Lyme carditis: oral or IV antibiotics for 14 days

• Late Lyme disease

– Lyme arthritis: oral antibiotics for 28 days

– Late neurologic Lyme disease: IV antibiotics for 2–
4 weeks



Treatment of PTLDS

• 10-20% of patients treated appropriately for 
Lyme disease will have lingering symptoms

• Often mischaracterized as “chronic Lyme”

• There is no evidence that PTLDS is due to 
persistent active bacterial infection

• Placebo-controlled clinical studies show that 
long-term antibiotic therapy is not beneficial

• Patients usually improve with time



Treatments NOT recommended

• High-dose antibiotic therapy

• Multiple, repeated courses of antibiotics

• Long-term (≥6 months) antibiotic therapy

• Combination antibiotic therapy

• Pulsed-dosing antibiotic therapy

• Vitamins or nutritional supplements

• Other alternative therapies



CONCLUSIONS



Conclusions

• The mainstream medical community agrees 
on national guidelines for diagnosis and 
treatment of Lyme disease

• A vocal minority of “Lyme-literate” physicians 
and patient activists reject these guidelines

– Some patients diagnosed with Lyme disease do 
not meet national diagnostic criteria

– Some patients diagnosed with Lyme disease 
receive inappropriate antibiotic therapy



Primum non nocere: 
“first, do no harm”

• Misapplication of diagnostic tests:

– Results in unnecessary medical intervention

– Causes emotional distress for the patient

– Allows other diseases to go undiagnosed

• Inappropriate antibiotic treatment:

– Has not been proven effective

– Contributes to antibiotic resistance

– Causes potentially serious complications

– Incurs out-of-pocket expenses for the patient





Feeling worse after treatment?

…maybe it’s not Lyme disease.

Watch:

https://www.youtube.com/watch?v=823jkRIaLgA#

https://www.youtube.com/watch?v=823jkRIaLgA


Recommended resources

• CDC’s Lyme disease page     
www.cdc.gov/lyme

• Infectious Diseases Society of America 
www.idsociety.org

• American Lyme Disease Foundation 
www.aldf.com

http://www.cdc.gov/lyme
http://www.idsociety.org/
http://www.aldf.com/
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