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Definition of Vector-Borne Disease: Illness or disease caused by 
a pathogen (bacteria, virus, parasite) transmitted to humans 
and other animals through a bite or contact with an arthropod 
such as a tick, mosquito or flea







• More than a billion people are 
infected by vector-borne diseases 
each year

• Continue re-emerge in new 
geographic areas

• Impacted by climate change
• Significant financial and economic 

burden globally
• Vaccination may be the most cost-

effective strategy to prevent and 
control vector-borne diseases

Kim KS, Curr Med Chem, 2019 



Ticks 
• Lyme
• Tickborne Encephalitis
• Babesiosis 
• Anaplasmosis
• Rocky Mountain 

Spotted Fever
• Ehrlichiosis
• Tularemia
• Powassan virus
• Tickborne Relapsing 

Fever  
• Alpha-gal Syndrome 

Mosquitoes
• Malaria
• Chikungunya
• Dengue Virus
• Japanese Encephalitis Virus
• Yellow Fever
• Zika Virus
• West Nile Virus
• Other arthropod-borne 

encephalitides (La Crosse, 
Eastern equine, Western 
equine, etc.)

Vector-Borne Diseases

Fleas
• Cat scratch disease
• Plague (Yersinia pestis)

• Bubonic
• Pulmonic

• Murine typhus 



• Pathogen transmission by vectors is 
highly dependent on feeding rate, 
temperature changes, and the 
Extrinsic Incubation Period (EIP)

• EIP shorter at higher temperatures 
and longer at lower temperatures

• Durations are longer in ticks because 
ticks feed only once from a single 
host per feeding life stage and 
require time to transmit an infection 

Kim KS, Curr Med Chem, 2019 



• Understand which arthropod-related infections are common in your 
area

• Eliminate standing water sources that attract mosquitoes
• Reduce exposure to mosquitoes
• Reduce exposure to ticks
• Wear appropriate protective-clothing
• Consider treatment of clothing and gear (0.5% Permethrin)

www.epa.gov/insect-repellents/repellent-treated-clothing
www.epa.gov/mosquitocontrol/permethrin-resmethrin-d-phenothrin-sumithrinr-
synthetic-pyrethroids-mosquito

AAP Redbook General Protective Measures

http://www.epa.gov/insect-repellents/repellent-treated-clothing


• Complex life cycles of pathogens within vector vs human
• Immune evasion
• Host-vector-pathogen interface
• Limited animal models
• Pathogen variability and antigen targets
• Difficulty defining what constitutes immunity
• Identifying population to protect

• Geography/Endemic areas  
• Seasonality
• Diversity of subjects

Issues with Developing Vaccines for Vector-borne Diseases



Lyme Disease
Vector: Blacklegged tick
(Ixodes scapilaris)
Pathogen: Borrelia 
burgdorferi or B. 
mayonii

Lyme disease patients are most likely to have 
illness onset in June, July, or August and less 
likely to have illness onset from December 
through March

www.cdc.gov/vector-borne-diseases
Infectious Diseases Society of America
www. Idsociety.org/practice-guideline/all-practice-guidelines



Stages of Clinical Manifestations of Lyme Disease
Early Localized Disease Early Disseminated 

Disease
Late Disseminated 

Disease
3 to 30 days Several Weeks Several more weeks-months

• Erythma migrans (EM) lesion 
at the site of tick bite (70-
80% of people)

• EM most common 
manifestation in children

• Painless, non-pruritic, 
annular, erythematous, 
central clearing, ≥5 cm

• Malaise, headache, mild 
neck stiffness, myalgia, 
arthralgia, fever

• Progresses to disseminated 
disease in 60% of people

• Multiple EM lesions

• Cranial nerve palsies (CN 
VII)

• Lymphocytic meningitis

• Carditis with AV block (less 
common in children)

• Low-grade fever, arthralgia, 
myalgia, HA, fatigue

• Arthritis 
• Mono- or pauciarticular
• Large joints (knees)
• Swelling out of 

proportion to pain
• Baker’s cyst

• Polyneuropathy, 
encephalopathy, 
encephalitis (Rare)

APP Red Book 2018



• OpsA antigen vaccines developed in early 1990s by Sanofi and GSK, but only 
GSK vaccine licensed by US FDA in 1998

• Given in 2 doses during 1st year and 3rd dose in 2nd year; efficacy of 71-76% 
following last dose

• Concern for arthritic reaction; controlled studies showed no difference in 
arthritic-symptoms between vaccinated vs controls & no higher frequency 
seen in vaccinated compared to expected age-specific frequencies in the 
population

• Speculated that genetically susceptible individuals were reacting to vaccine; 
concern for latent autoimmunity

• Requirement for 3 doses, no approval for children, and reports of associated 
arthritis-> decreased vaccine uptake ->withdrawal of vaccine by GSK  

History of Vaccine for Lyme Disease

Plotkin SA & Shapiro ED, CID, 2025



Lyme Disease   Borrelia burgdorferi
Moderna: The Canopy Trial (June 2023 – Mar 2026)
A Clinical Trial of a Lyme Disease Vaccine for Adults
Pipeline: two novel mRNA vaccine candidates against 
Borrelia species (Lyme disease)

mRNA-1982
monovalent vaccine targeting prevalent US serotype 

mRNA-1975
multivalent, includes 7 RNAs targeting 7 European serotypes
Europe - Phase 1/2 study, 800 subjects
Anticipate results informing immunogenicity in 2024

Penn Medicine

VLA15-221 Phase 2 study showed a strong anamnestic antibody 
response for all serotypes in pediatric (5 to 11 years of age) and 
adolescent participants (12 to 17 years of age), as well as in adults 
(18 to 65 years of age), one month after administration of a 
booster dose (month 19).

Pfizer and Valneva partnership
• July 2017:  Fast Track designation by US FDA (Valneva)
• April 2020: Collaboration agreement between Valneva and 

Pfizer to co-develop VLA15 
“Safety and tolerability profile of VLA15 after a booster 
dose was consistent with previous studies as the vaccine 
candidate was well-tolerated in all age groups regardless 
of the primary vaccination schedule.”

“No vaccine-related serious adverse events (SAEs) and no 
safety concerns were observed by an independent Data 
Safety Monitoring Board (DSMB).”

www.pfizer.com/news/announcements/valneva-and-pfizer-report-positive-pediatric-and-adolescent-phase-2-booster

http://www.pfizer.com/news/announcements/valneva-and-pfizer-report-positive-pediatric-and-adolescent-phase-2-booster


Lyme Disease   Borrelia burgdorferi

VLA15 (Pfizer/Valneva) – Phase III trials
Investigational multivalent protein subunit vaccine - Targets outer surface protein A (OspA) of B. burgdorferi

• OspA:  surface protein expressed by B. burgdorferi when present in a tick; blocking OspA limits transmission 
• Vaccine covers 6 most common OspA serotypes (B. burgdorferi sensu lato species prevalent N. America, Europe)
• Alum-adjuvanted formulation; administered intramuscularly 

An Efficacy, Safety, Tolerability, Immunogenicity, and 
Lot-Consistency Clinical Trial of a 6-Valent OspA-Based 
Lyme Disease Vaccine (VLA15) (VALOR)
ClinicalTrials.gov ID:  NCT05477524
Sponsor:  Pfizer          Last Update Posted:  2024-07-26
https://clinicaltrials.gov/study/NCT05477524 Phase 3, randomized, placebo-controlled, observer-blinded 

trial to evaluate the safety of a 6-VALENT OspA-BASED 
LYME DISEASE VACCINE (VLA15) in healthy children 5 
through 17 years of age

Initiated Dec 2022, estimated completion mid-2025

Safety Study of a Vaccine to Help Protect 
Against Lyme Disease in Healthy Children
ClinicalTrials.gov ID:  NCT05634811
Sponsor:  Pfizer          Last Update Posted:  2024-05-22

Phase 3 trial
3-dose primary vaccination series at about 0, 2, and 5 to 9 
months and then receive a booster dose about 12 months later.

…primary series completed before peak Lyme disease 
season followed by a booster dose just prior to beginning 
of second Lyme disease season.

A n t i c i p a t e  2 0 2 6 …

https://clinicaltrials.gov/study/NCT05477524




Tick-borne Encephalitis • Single-Stranded RNA 
Flavirus; multiple subtypes

• Vector: Ixodes ticks
• Endemic to focal areas of 

Western/Central Europe, 
Russia and Asia (China, 
Japan, Kazakhstan, 
Kyrgyzstan, Mongolia & 
South Korea)

• Mostly in summer (April-
Nov)

• 1 case per 10,000 person-
months of exposure

• Pre-travel vaccine for 
travelers exposed 
outdoors in rural endemic 
areas during transmission 
period

• Biphasic disease; 1st phase-
flu-like symptoms; 2nd phase-
CNS encephalitis, meningitis

• Illness onset occurs median 8 
days (range 4 to 28)

• No antiviral therapy; 
supportive care

Johnson N, et al. Curr Opinion, 2023.
Pavli A & Maltezou HC. Travel Med & Infect Dis. 2022.



TBE Vaccine

• In US, inactivated vaccine (Ticovac) for adults and children ≥1 year
• Recommended for those traveling or moving to are where endemic and 

have extensive exposure to ticks through outdoor activities
• Multiple inactivated vaccines available in Europe and Russia and one in 

China
• Mass vaccination been undertaken in Austria with at least 96% 

protection rate; routine primary vaccination series requires ≥6 months 
for completion

Johnson N, et al. Curr Opinion, 2023.
Pavli A & Maltezou HC. Travel Med & Infect Dis. 2022.
Barrett RN, Schober-Bendizen S, Ehrlich HJ. Vaccine, 2003.



Malaria
• Plasmodium genus: P. falciparum, P. vivax, P. 

ovale, P. malariae, P. knowlesi  
• Vector: Female Anopheles genus of mosquito
• Highest risk: Sub-Saharan Africa, Papua New 

Guinea, & Solomon Islands; Intermediate risk: 
Indian subcontinent; Low risk: Southeast Asia and 
Latin America

• Intra-erythrocyte parasite that infects liver and 
spleen and rapidly replicates and disseminate

• Incubation time: 7-30 days; relapse can occur 
within weeks to months

https://www.cdc.gov/malaria/index.html



Severe findings:
• Cerebral: Altered MS, seizures
• Anemia, metabolic acidosis, 

hypoglycemia
• Acute kidney injury; nephrotic 

syndrome
• Pulmonary edema & ARDS
• Shock
• Jaundice, HSM

Diagnosis: Blood smear (thick & thin 
[%parasitemia]); rapid diagnostic 
testing and PCR

Treatment: antimalarial med based on 
species and drug resistance 
Severe malaria may need IV artesunate

Prevention:
• Bite protection: repellent, clothing, nets
• Chemoprophylaxis

• Referral to travel clinic
• CDC Yellow Book
• Multiple options-based on travel, age, medical history



Malaria Vaccine

• Vaccine development has been slow because of vector and pathogen 
diversity and variability; finding targets for different stages of life cycle

• Goal of prevention of disease vs eradication
• Vaccines developed focused on the pre-erythrocytic stage (parasite 

entering into human bloodstream and infected liver cells)
• RTS,S/AS01 vaccine-approved in WHO in October 2021 for children in 

areas with moderate to high transmission; moderately efficacious for 
prevention

• Targets circumsporozoite antigen on surface of parasite
• Other vaccines in development but more interventions needed for 

eradication 

Kim KS, Curr Med Chem, 2019.
Laurens MB, Human Vaccines & Immunotherapeutics, 2021. 



• Most infected become 
symptomatic

• High fever, polyarthralgia, 
myalgia, maculopapular 
rash, headache, N/V/D

• Diagnosis: clinical, PCR & 
serology

• Treatment: Supportive; 
?antirheumatic medications

• Prevention: Vaccine 
approved for 18 years and 
older at high risk (no longer 
available in US)

Chikungunya
• RNA virus
• Vector: Aedes albopictus
• Congenital transmission rare
• Africa, Asia, Europe, Indian & Pacific Oceans
• Reported in FLA, Puerto Rico, TX & US Virgin Islands

https://www.cdc.gov/chikungunya/about/index.html



Chikungunya Virus (CHIKV)

VLA1553 is a live-attenuated vaccine 
for active immunization and prevention of disease 
caused by chikungunya virus

www.thelancet.com/journals/lancet/article/PIIS0140-6736(23)00641-4/fulltext

March 2022:  Phase 3 data reported in 4,115 adults aged 18 years and above 
showing a 98.9% seroresponse rate at 28 days with single vaccination 

June 2023:  Results published in Lancet
The Lancet subsequently published these results in June 2023. 

Final lot-to-lot consistency results were published in May 2022, twelve-month 
persistence data in December 2022, and adolescent data in November 2023.

Follow-up study underway to monitor 5-year immune response data (NCT04838444).

November 2023
VLA1553 received U.S. FDA approval 
under brand name IXCHIQ® (Valneva) 

Indicated for prevention of disease 
caused by CHIKV in individuals 18 years 
of age and older who are at increased 
risk of exposure to CHIKV. 

News!

Continued approval in US is 
contingent upon verification of clinical 
benefit in confirmatory studies.

VLA1553 is also under accelerated 
assessment by the European Medicines 
Agency (EMA) and a standard regulatory 
review is underway with Health Canada.

http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(23)00641-4/fulltext


• FDA approval for IXCHIQ withdrawn in August of 2025 due to concerns for 
serious adverse events (severe or prolonged chikungunya-like illness with 
neurologic and cardiac complications)

• Recombinant virus-like-particle (VLP) vaccine (VIMKUNYA) approved by 
FDA and EMA in 2025 for individuals 12 years and older



Maure C, et al. Vaccine, 2024. 



From CDC Yellow Book: Dengue

Dengue • RNA virus, 4 closely related viruses (DENV 1-4)
• Vector: Aedes aegypti and other species
• Diagnosis: PCR, serology
• Treatment: Supportive; no antiviral
• Prevention: No US available travel vaccine



Dengue Vaccine

• Ideal vaccine would be efficacious for all four types
• Vaccines developed targeting all ages but specifically for children
• Dengvaxia (CYD-TDV) was approved in 2019 by US FDA for use in endemic 

areas. In 2021, recommended by ACIP for children aged 9 to 16  with 
serologic evidence of previous dengue infection & live in endemic US 
territories

• Worldwide, controversy over efficacy and safety; protective among children 
previously exposed but increased risk of hospitalization & severe illness who 
were not previously exposed

• Dengvaxia manufacturing discontinued because of low demand
• Odenga (TAK-003) approved in over 40 countries but not approved or 

available in US
Thomas SJ & Yoon I. Human Vaccines & Immunotherapies, 2019.
Kim KS, Curr Med Chem, 2019.
Adams AE, Waterman S, Paz-Bailey G. JAMA, 2022.



Japanese Encephalitis

• Japanese encephalitis virus- Flavivrus
• Vector: Culex vishnui mosquito subgroup, 

particularly Culex tritaeniorhynchus
• Most of Asia and Western Pacific region 
• Typically affects children <15 years of age 

• Fever, headache, mental status 
changes, seizures, focal neurologic 
deficits, aseptic meningitis

• Poliomyelitis-like acute flaccid 
paralysis due anterior horn cell 
damage 

• Diagnosis: clinical, antibodies in 
serum and CSF, PCR

• Treatment: Supportive care; no 
effective antiviral therapy

• Prevention: for frequent travelers 
or people moving to endemic 
areas  ≥2 months or older 



Japanese Encephalitis Vaccine

• Inactivated Vero cell culture-derived vaccine (IXIARO) 
• Licensed in 2009 for use in individuals ≥17 yeas in 2013 for 

children 2 months through 16 years age
• Children immunization programs-> significant decrease in cases

Pavli A & Maltezou HC. Travel Med & Infect Dis. 2022.
Adunga T, et al. Frontiers in Immunology, 2024.
Hills SL, Netravathi M, Solomon T. Am J Trop Med Hyg. 2023. 



Yellow Fever

• Single-stranded RNA Flavivirus
• Vector: infected female Aedes aegypti  mosquitoes in 

Africa, Haemagogus species in South America 
• Severe disease with fever, jaundice/hepatitis, renal 

failure, myocardial injury and hemorrhage
• Diagnosis: PCR, serology
• Treatment: Supportive care

From CDC Yellow Book: Yellow Fever
Monath TP & Vasconcelos PF. Journal of Verology, 2015.



Yellow Fever Vaccine

oFirst developed in 1936
• Live-attenuated vaccine from 17D strain; multiple available worldwide 

but US YF-VAX 
• Indicated/recommended in US for travelers to endemic areas in African 

and South America
• Some countries require vaccine for all travelers or only for those coming 

higher risk transmission areas
• Can be administered to individuals ≥9 months of age
• Routine immunization programs for immunization individuals living in 

endemic areas 
Pavli A & Maltezou HC. Travel Med & Infect Dis. 2022.
Monath TP & Vasconcelos PF. Journal of Verology, 2015.



Zika • Vector: Aedes albopictus & other species
• Most infections are asymptomatic or mild disease
• Fever, pruritic rash, arthralgia, conjunctival 

hyperemia, myalgia, headache, thrombocytopenia, 
leukopenia, elevated transaminases

• Diagnosis: PCR, serology but only really 
recommended for pregnant people & concern for 
congenital infected

• Treatment: Supportive; for congenital-early 
intervention, development referral

https://www.cdc.gov/zika/about/index.html



Zika Virus Vaccine

• Currently, no approved vaccine 
for clinical use but several in 
development

• Has 4 distinct serotypes similar 
to DENV which can be challenge 
for vaccine development due to 
cross-reactivity

• Challenges with long lasting 
immune response/protection 
that is cost effective

• GLS-5700, DNA vaccine which 
targets pre-membrane & 
envelope proteins (prM-E) 

• ZPIV, an inactivated virus vaccine 
that targets whole Zika virus 
virions Kim K. Current Medical Chemistry, 2019.

Pielnaa P, et al. Virology.2020.



West Nile Virus 
• RNA single-stranded Flavivirus 
• Vector: Culex spp. Mosquitoes
• 80% of case are asymptomatic; 1 in 5 cases 

flu-like illness
• 1 in every 150 cases progress to potentially 

fatal neurologic disease (encephalitis, 
meningitis, acute flaccid paralysis)

• Treatment: Supportive care

Kasier JA & Barrett. Viruses. 2019.
Singh P, et al. Emerging Microbes & Infections. 2025.



From CDC website: West Nile Virus



From CDC website: West Nile Virus



West Nile Virus Vaccine

• 4 equine vaccines are licensed in US but no human vaccines
• Live attenuated chimeric, recombinant E protein-based, plasma DNA vaccine, 

hydrogen-peroxide-inactivated  
Singh P, et al. Emerging Microbes & Infections. 2025.
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