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Overview

• Vectors and hosts: Ticks, and 
mice, and deer – oh my!

• Health burden of tick-borne 
diseases worldwide and in 
the US

• Epidemiological, 
microbiological, and clinical 
aspects of Lyme borreliosis 
(Lyme disease)

• Insights on Lyme-associated 
chronic illness (Lyme – IACI)



Tick-borne Diseases (TBDs) – Animals are the “hosts” 
and ticks are the “vectors”

Reservoir host is the white-footed (deer) 
mouse (Peromyscus)

Incidental 
hostsBorrelia burgdorferi (Lyme disease), B. miyamatoi (BMD) and 

other “Relapsing Fever” Borrelia, Anaplasma (anaplasmosis), 
Ehrlichia (ehrlichiosis), Babesia (babesiosis), and Powassan virus



1Lyme disease
(Borrelia spp.)

Anaplasmosis
Babesiosis
Powassan Virus
2BMD (Borrelia spp.)
Ehrlichiosis
Alpha-gal syndrome
Tick paralysis

RMSF
Tularemia
Powassan Virus
Tick paralysis

Ehrlichiosis
Tularemia
Powassan virus et.al.
RMSF
2STARI (Borrelia spp.)
Alpha-gal syndrome
Tick paralysis

RMSF
Theileriosis
Powassan virus
Blood loss
Heartland virus
Tick paralysis

*Carries but doesn’t 
transmit Lyme disease?

Ixodes
Black-legged (deer) tick

Dermacentor
Dog tick

Amblyoma
Lone Star tick

*Haemophysalis
Longhorned tick

1Lyme Borreliosis
2Relapsing Fever Borreliosis



https://nyticks.org
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How long before a tick makes you sick??

No one really knows….

• Assumption that ticks 
must be attached for > 48 
hours is based on limited 
research done with mice 
and nymph stage ticks 
ONLY

• Bottom Line: The longer 
the tick is attached, the 
higher the risk!

Lyme disease

• Ticks may carry no pathogens, or may carry multiple pathogens.

• Different tick stages may take longer or shorter to transmit pathogens



New TBD on the Block:

Alpha-gal Syndrome

Black-legged 
tick bite



Allergic reaction to 
α-galactose

“Alpha-gal that is contained in 
glycolipids is suspected to be the 
triggering antigen, and the slow gut 
absorption of lipid accounts for the 
delay in reaction. Some patients have 
only one symptom such as hives or 
gastrointestinal distress, but most 
report multiple symptoms.”

Houchens, Nathan & Hartley, Sarah & Commins, Scott & Claar, Dru & Saint, Sanjay. (2021). Clinical Problem-Solving: 
Hunting for a Diagnosis. New England Journal of Medicine. 384. 462-467. 10.1056/NEJMcps2017588. 



Allergy to Mammalian Meat



Ticks 

SUCK!!!



Lyme disease is the most common tick-borne 
AND vector-borne disease in the US



CAPC Surveillance (Dogs)
https://www.petsandparasites.org/parasite-prevalence-maps/#/

https://www.petsandparasites.org/parasite-prevalence-maps/#/


Lyme disease – Lyme borreliosis

Lyme borreliosis
• Borreliella burgdorferi (US)
• B. afzelii (Europe)
• B. garinii (Europe)

Relapsing fever borreliosis (US)
• Borrelia miyamatoi (BMD)
• B. hermsii
• B. parkeri
• B. turicatae (STARI)



• Lyme disease Borrelia are obligately parasitic, tick-transmitted, 
invasive, persistent bacterial pathogens that cause disease in 
humans and non-reservoir vertebrates primarily through the 
induction of inflammation. 

• During transmission from the infected tick, the bacteria undergo 
significant changes in gene expression, resulting in adaptation to the 
mammalian environment. 

• The organisms multiply and spread locally and induce inflammatory 
responses that, in humans, result in clinical signs and symptoms. 
Borrelia virulence involves a multiplicity of mechanisms for 
dissemination and colonization of multiple tissues and evasion of 
host immune responses. 

• Most of the tissue damage, which is seen in non-reservoir hosts, 
appears to result from host inflammatory reactions, despite the low 
numbers of bacteria in affected sites. This host response to the Lyme 
disease Borrelia can cause neurologic, cardiovascular, arthritic, and 
dermatologic manifestations during the disseminated and persistent 
stages of infection. 

• The mechanisms by which a small number of organisms … 
can cause varied and in some cases profound inflammation 
and symptoms remains mysterious but are the subjects of 
diverse ongoing investigations.



Multiple Mechanisms for Bacterial
Dissemination and Colonization 

Spirochetes penetrate endothelial layer, invade connective-tissue 
rich areas including the synovium, cardiac membranes and 

meninges, causing inflammation resulting in arthritis, carditis, 
encephalopathy, neuropathy

Spirochetes inoculated into 
host during tick feeding

Spirochetes replicate and 
spread in skin:

Erythema migrans

Tick attaches to host and 
injects tick salivary proteins 
that suppress the immune 
response, modulate blood 

coagulation, protect Bb



Misdiagnosis and delayed diagnosis can make Lyme disease more 
difficult to treat and lead to prolonged and debilitating illness

• The rash is not always present or easily recognized

• Diagnostic tests cannot yet accurately identify the earliest stage of Lyme 
disease when making the diagnosis is crucial.

• Early symptoms can be mistaken for a summer flu

• Lyme disease can involve several parts of the body, including joints, 
connective tissue, heart, brain, and nerves, and produce different symptoms 
at different times.

• Antibody testing done after early treatment may be negative and never turn 
positive for some cases

• Borrelia burgdorferi can evade our protective immune system and trigger 
immune system dysfunction.

• No reliable blood test is presently available to measure treatment success, 
necessitating close clinical follow up and improved physician education.

https://www.hopkinslyme.org/lyme-disease/diagnosis-of-lyme-disease/

Lyme disease is difficult to diagnose

https://www.hopkinslyme.org/lyme-disease/diagnosis-of-lyme-disease/


Schotthoefer AM, Green CB, Dempsey G, Horn EJ. The Spectrum of Erythema Migrans in Early Lyme Disease: 

Can We Improve Its Recognition? Cureus. 2022 Oct 25;14(10):e30673. doi: 10.7759/cureus.30673. 

Variability of EM and non-EM rashes



So who gets the antibiotic??

(All pictures used with permission)



• “The results reinforce the known limitations 
of serologic testing in early Lyme disease, 
with only 29% of individuals presenting 
with EM lesion sizes of >5 cm yielding a 
positive result using the standard two-tier 
serology.”

Current “two-tier” tests for 
Lyme disease have a high rate 
of FALSE NEGATIVE results

• “A lack of provider awareness of the absence 
of EM or nonclassical EM presentations can 
lead to underdiagnosis and delayed 
treatment, highlighting the need for better 
diagnostics for early Lyme disease.”



30 – 50% of patients with 
delayed diagnosis/treatment 
develop a chronic illness

• 70 – 75% of patients diagnosed 
with Lyme disease do not recall a 
tick/bite

• 37% saw no EM rash – no study 
ever published has conclusively 
shown how many people with 
Lyme disease actually develop an 
EM rash!

• 61% had false negative lab test 
results

Delayed diagnosis increases risk of Lyme-
infection associated chronic illness (Lyme-IACI)

Source: LymeDisease.org  MyLymeData



Figure 1. Distributions by participant group of average scores (Panel a) and the 
percentage reporting “moderate” or “severe” (Panel b) for individual symptoms 
included on the Post-Lyme Questionnaire of Symptoms (PLQS). 

John N. Aucott, Ting Yang, Isaac Yoon, Debra Powell, Steven A. Geller, Alison W. Rebman. Risk of post-treatment Lyme disease in patients with ideally-treated 
early Lyme disease: A prospective cohort study. International Journal of Infectious Diseases, Volume 116,2022 https://doi.org/10.1016/j.ijid.2022.01.033



• Transplacental transmission of the 
human fetus is recognized for 
both Lyme disease and relapsing 
fever borreliosis

• Gestational tick-borne disease can 
be transmitted to unborn children 
in-utero and has the potential to 
cause premature labor, 
fetal/offspring abnormalities, 
fetal death and stillbirth.

• Hormonal changes during 
pregnancy can lead to changes in 
immune function  that may affect 
detection of clinical or laboratory 
findings.

https://www.hhs.gov/sites/default/files/
tbdwg-report-to-congress-2018.pdf

Ticks may not be the only route of transmission

https://www.niaid.nih.gov/sites/default/files/NIH-
Strategic-Plan-Tickborne-Disease-Research-2019.pdf

https://www.hhs.gov/sites/default/files/tbdwg-report-to-congress-2018.pdf
https://www.niaid.nih.gov/sites/default/files/NIH-Strategic-Plan-Tickborne-Disease-Research-2019.pdf


Mice infected with B. 
burgdorferi: 
• Enlarged uterus
• Ovarian cysts
• Thickening of the vaginal 

lining
• Inflammation of internal 

and external tissues.
• Notably, older mice 

experienced more severe 
outcomes.

Women diagnosed with 
Lyme disease: 
Increased risk of:
• Endometriosis
• Dysmenorrhea (cramps)
• Menorrhagia (heavy 

bleeding
• Miscarriage
• Uterine polyps
• Adverse fetal outcomes in 

pregnant women

Hansen–Colburn PS, Blacker G, Galloway S, Feng Q, Padmanabham PS, Pisani G, Lee BT, Loeser G, Perez MW, Liu K, Kuan J, Von Saltza E, Strausz S, Mattei L, 
Nahass GR, Kitjasateanphun A, Potula HS, Shoham MA, Mascetti VL, Gars E, Ollila HM, Bruner-Tran KL, Weissman IL, You S, Pollack B, Griffith L, Sinnott-
Armstrong N, Tal MC. (2025). Lyme disease increases risk for multiple gynecological conditions. medRxiv. https://doi.org/10.1101/2025.03.03.25323258.

“Lyme disease increases risk for multiple gynecological conditions”



2010
“Adverse outcomes” in 12% of IV 

treated moms; 31.6% of oral treated 
moms; and 60% of untreated moms

2020
“Adverse outcomes” in 14% of 
IV treated moms. All pregnant 

moms were treated

Adverse fetal outcomes in pregnant moms with Lyme disease

2018
“Adverse outcomes” in 11% of 

treated moms and 50% of 
untreated moms

“…appraised by fetal loss and stillbirth, pre-term birth, offspring malformations…”



Resources:

Research Funding
• Stephen and Alexandra Cohen Foundation
• Project Lyme
• Bay Area Lyme Foundation
• LymeDisease.org
• Global Lyme Alliance
• Focus on Lyme

Advocacy and Information 
• Center for Lyme Action
• Lyme Action Network
• Central New York Lyme and TBD Alliance
• Southern Tier Lyme Support
• Lyme WNY

Treatment Grants
• LivLyme Foundation
• LymeLight Foundation


