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• Know your ticks
• New York: Epicenter of LD
• Erythema migrans
• LD can cause a chronic 

infection
• Post-Treatment LD Syndrome
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LESSON 1

KNOW YOUR TICKS



Deer tick (Ixodes scapularis) 
- Borrelia burgdorferi and B. mayonii (which cause Lyme disease)
- Anaplasma phagocytophilum (anaplasmosis),
- B. miyamotoi disease (a form of relapsing fever)
- Ehrlichia muris eauclairensis (ehrlichiosis)
- Babesia microti (babesiosis)
- Powassan virus (Powassan virus disease).

Lone start tick (Amblyomma americanum)
- Ehrlichia chaffeensis and E. ewingii (which cause human 

ehrlichiosis)
- Francisella tularensis (tularemia)
- Heartland virus (Heartland virus disease)
- Bourbon virus (Bourbon virus disease)
- Southern tick-associated rash illness (STARI).

American Dog tick (Dermacentor variabilis)
- Francisella tularensis (tularemia)
- Rickettsia rickettsii (Rocky Mountain spotted fever).

TICKS OF NEW YORK 











https://www.youtube.com/watch?v=tut-3G4WcHk

Lesson learnt: 
Know your 

ticks
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LESSON 2

WE LIVE IN THE 

EPICENTER OF LYME 

DISEASE IN THE US 



Reported Cases of Lyme Disease — United 
States, 2019

Source: CDC. Incidence in NY: 14.6 / 100,000 population. Absolute: 2847 confirmed cases, 
second in the country.  



Confirmed Cases of Lyme Disease in the US by 
Month of Disease Onset, 2008-2018

14Source: https://www.cdc.gov/lyme/datasurveillance/charts-figures-recent.html



Courtesy: Dr. Jorge Benach, SBU



LESSON 3

ERYTHEMA 

MIGRANS 



Steere, A., et al. Lyme borreliosis. Nat Rev Dis Primers (2016)



Erythema migrans





















STARI OR LYME?
“Many people, even health care providers, can be confused about 

whether the lone star tick causes Lyme disease. It does not. 
Patients bitten by lone star ticks will occasionally develop a 

circular rash similar to the rash of early Lyme disease. The cause of 
this rash has not been determined”. CDC

STARI: southern tick-associated rash illness. 
Symptoms: fatigue, headache, fever, and muscle pains
STARI has not been linked to arthritis, neurologic disease, or 
chronic symptoms. Researchers once hypothesized that STARI 
was caused by the spirochete, Borrelia lonestari, however 
other studies did not support this finding. 

The cause of STARI remains unknown.









Rickettsia amblyommatis infection transmitted 
by Amblyomma americanum in New York

Figure 1. Human patients 

elicit R. amblyommatis-

specific IgG responses after 

A. americanum bite.

R. amblyommatis 
may cause RMSF 
serology positive, 

be aware!
Funding: DOM, SBU. PI: Marcos LA. Co-PI: Kim H. 



LESSON 4

LYME DISEASE CAN 

LEAD TO A CHRONIC 

INFECTION



Serology



MTT SENSITIVITY = 58%; STT SENSITIVITY = 45%



- EM: history and visual inspection of the skin lesion. Laboratory 
testing not needed or recommended.

- Tests are not sensitive in very early disease
- Avoid overtesting for Lyme for unspecific chronic symptoms 

(especially avoid IgM testing) 





TREATMENT
• Early, localized and disseminated, Lyme disease

– EM: doxycycline, 100 mg BID for 10 days
– Meningitis or Neuropathy: Ceftriaxone 2gr IV daily or 

cefotaxime 2gr IV q8h or doxycycline 100 mg BID for 
14 -21 days

– Cardiac disease: All above or cefuroxime 500mg PO 
BID x 14 days

• Late Lyme disease
• Arthritis: PO regimen for 28 days 
• Recurrent arthritis: IV ceftriaxone for 14-28 days (but 

refractory arthritis does not respond to ATB)
• Neurological Lyme disease: IV regimen for 14-28 days

IDSA LYME GUIDELINES 2021



LESSON 5

POST TREATMENT 

LYME DISEASE 

SYNDROME 



Chronic Symptoms on treated 
Lyme patients  

Symptoms 
Symptoms Symptoms 

1-6 months 
1-6 months 

stressors

stressors

Brain fogginess 
Neurologic impairment
distal paresthesias
radicular pain
memory loss
Fatigue

Post Lyme disease 
syndrome



Antibiotics don’t 
improve 
symptoms for long 
term symptoms 
attributed to Lyme 
Disease. 



Cognitive performance does not 
improve with longer antibiotic 

treatment compared to shorter-
term treatment in patients with 

persistent symptoms attributed to 
Lyme borreliosis.



LESSON 6
NOT EVERYTHING IS 

LYME, WE HAVE 10 

MORE TICK BORNE 

DISEASES IN NY



• Relapsing fever
• First case in the US, 2013
• B. miyamotoi may cause 

chronic meningitis in 
immunocompromised 
host

• B. miyamotoi can cause 
a summer illness without 
a rash 
– Clinical syndrome is 

different from Lyme 
disease





Heartland 
virus is 

here 



U.S Data of TBD 1987-2013



RMSF IgG 1:64 is due to Ricketssia amblyommii?



TICK BORNE DISEASES
TICK BORNE 

DISEASES
Human Monocytic
Ehrlichiosis (HME)

Human Granulocytic 
Anaplasmosis (HGA)

Babesiosis

Organism Ehrlichia chaffeensis Anaplasma phagocytophilum Babesia microti 

Vector Lone star tick (Amblyomma
americanum)

Deer tick (Ixodes scapularis) Deer tick (Ixodes scapularis)

Clinical 
Manifestations 

Fever, headache, rash, 
leukopenia, thrombocytopenia 

(95%)
Transaminitis

Fever, headache, leukopenia, 
thrombocytopenia (70%)

Transaminitis
No rash

Thrombocytopenia (95%)
Mild transaminitis

Mild jaundice 
Dark urine 

Splenomegaly (pain)

Diagnosis PCR in blood (test of choice)
Convalescent titers (IgM is 

negative during first week). A 
titer above 256 is indicative of 

recent infection. 

PCR in blood 
Convalescent titers 
4-fold higher titers

Blood smear microscopy x 3
PCR in blood 

Convalescent titers 

Treatment Doxycycline 100mg PO BID x 
7-14 days

Doxycycline 100mg PO BID x 
7-14 days

Atovaquone 750mg PO BID 
and azithromycin (500mg 

loading dose, 250mg PO daily) 
x 7-10 days

Complications Myocarditis, cholecystitis, 
mortality 2-5% 

Small bowel perforation, 
mortatlity 1%

Severe anemia, acute 
respiratory distress syndrome, 

relapsing disease on 
immunocompromised patients 



POWASSAN 
VIRUS



1 2 3 4

Age
Gender 

70 y/o
Man

53 y/o
Woman

25 y/o 
Man

66 y/o
Man

Fever
AMS

104.7 F
Yes

103 F
Yes

101.3 F
Yes

Afebrile
Yes

CSF 40 white blood cells 
(WBCs)/mm3 (normal: 

<4/mm3) (87% lymphocytes) 
with elevated protein (96 

mg/dL; normal: 20--50 mg/dL)

148 WBCs/mm3 (46% 
neutrophils, 40% 

lymphocytes).

920 WBCs/mm3 (74% 
lymphocytes) with 

elevated protein (77 
mg/dL)

54 WBCs/mm3 (95% 
lymphocytes) and 

elevated protein (67 
mg/dL)

Serology POW virus-specific IgM; 
neutralizing antibody (1:640 

titer)

POW virus-specific IgM 
and neutralizing antibody 

(1:640 titer)

positive for POW virus-
specific IgM antibody. 

The serum sample 
also had neutralizing 

antibody (1:80 titer) to 
POW virus

POW virus-specific 
IgM and neutralizing 
antibody (1:640 titer)

Outcome unable to move his left arm or 
leg after three months 

Nine months after onset of 
symptoms, she was 

walking and had regained 
her strength, but the 

ophthalmoplegia
continued.

When discharged 
home 44 days later, 
the patient required 
assistance to stand 
and perform daily 

activities

When discharged 
home 11 days later, he 

could walk but had 
cognitive difficulties, 

including severe 
memory lapses.

Outbreak of Powassan Encephalitis --- Maine and Vermont, 1999—2001. MMWR 2001. 

POWASSAN VIRUS INFECTION



Brain MRI: T2/FLAIR white matter hyperintensity involving the deep and superficial 
periventricular white matter and corpus callosum
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THROMBOCYTOPENIA

Order PCR in Blood for these 
pathogens:
-Anaplasma (Deer Tick)
-Ehrlichia (Lone Star Tick)
-Babesia (Deer Tick)
-Borrelia miyamotoi (Deer 
Tick)

Lyme 
Disease
(Deer 
Tick)

ALGORITHM FOR TICK-BORNE DISEASES IN NEW 
YORK 

YE
S

NO

Flu-like Syndrome
Erythema Migrans
Carditis
Meningitis 

Lyme Serology (Modified 
Two-Tier Testing –
preferred)

***LYME ARTHRITIS USUALLY PRESENTS IN THE FALL OR WINTER***
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