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TALK OVERVIEW

• Mosquito-borne diseases
• West Nile virus

• Malaria and Oropouche virus

• Tick-borne diseases
• Lone star tick & diseases

• Black-legged tick & Lyme disease

• Other vectored diseases
• Chagas disease



ENDEMIC & (RE)EMERGING

MOSQUITO-BORNE DISEASES



WEST NILE VIRUS CLINICAL MANIFESTATIONS

Nolan & Braumuller. 2024. 
Neurobiology of Infectious Diseases



Murray et al 2014 PLOS One

All WNV disease groups 
experience long-term sequelae

WNV LONG-TERM OUTCOMES



WEST NILE VIRUS ESTABLISHMENT IN THE USA 



WNV HUMAN SEROPREVALENCE IN SOUTH CAROLINA

Nolan et al, In preparation



WNV HUMAN SEROPREVALENCE IN RICHLAND CO

4.62% IgM seroprevalence
---

17.52% IgG seroprevalence
---

21.90% combined seroprevalence

2% national cumulative incidence average
---

24.7% South Dakota vs. 0.1% New Hampshire
---

0.2% seroprevalence South Carolina

Ronca et al 2019 Emerg Infect Dis
Fridriksson et al 2025 In review



VALUE OF WNV TESTING



RE-EMERGENCE OF MALARIA IN THE USA

Mace et  al 2021, Morb Mortal Wkly Rep

1942
Office of Malaria Control in War 
Areas established in Atlanta, GA

1951
Malaria eliminated in the 

contiguous USA

(1957 – 2003)
Sporadic outbreaks

Blackburn et al, 2023, MMWR Morb Mortal Wkly Rep
Duwell et al, 2023, MMWR Morb Mortal Wkly Rep

Courtney et al, 2024, MMWR Morb Mortal Wkly Rep

2023
Autochthonous cases in 

4 states



WILL MALARIA RE-EMERGE IN SC?

Plasmodium spp positive mosquito pools 
were associated with seasonality, 

location and abundance, but not climate 



STATISTICAL HOTSPOTS OF MALARIA VECTORS



GEOSPATIAL VARIANCE OF MALARIA VECTORS



SEASONALITY OF MALARIA VECTOR SPECIES



SEASONALITY OF MALARIA VECTOR SPECIES



NEXT STEPS & KEY KNOWLEDGE GAPS: 
MALARIA EMERGENCE IN THE USA



EMERGING VECTOR-BORNE PATHOGEN OF 

PUBLIC HEALTH CONCERN: OROPOUCHE VIRUS

Media credit: CDC
Travassos de Rosas et al 2017 Am J Trop Med Hyg

2024-2025 outbreak

• 19,917 cases in Latin America

• Across 9 countries

• South America, Central America & Carribean

• 109 imported cases in the USA



OROPOUCHE VIRUS: ALTERNATE TRANSMISSION



TICKS & 
PANDORA’S PATHOGEN BOX



TICK BASICS3 life stages

1 host  vs  3 hosts 

veterinary 

importance

medical 

importance

Soft  vs  Hard

Argasidae Ixodidae

Ixodes Metastriate

Seasonal peaks, 

Life average of 2 – 3 years

Exhibit questing behaviors



SOUTH CAROLINA TICKS

Total ~20,000 ticks since 2020 

Eight species collected since 2020

• Amblyomma americanum**

• Am. maculatum

• Haemaphysalis longicornis

• Dermacentor variabilis

• Rhipicephalus sanguineus

• Ixodes scapularis

• Ix. keiransi (affinis) 

• Ha. leporispalustris

Active @ State ParksPassive Veterinarian



Amblyomma americanum

Lone Star tick

Very aggressive tick, feeds on humans readily

Vectors pathogens that cause:

Ehrlichiosis

Tularemia

SFGR

Heartland virus disease

Bourbon virus disease

STARI

Alpha-gal allergy (not caused by a pathogen)

adultsnymphlarva



WHAT IS ALPHA-GAL ALLERGY?



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8344025
https://www.med.unc.edu/medicine/news/chairs-corner/podcast/alpha-gal/

WHAT IS ALPHA-GAL ALLERGY?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8344025


NON-RED MEAT PRODUCTS WITH ALPHA-GAL 

• Rocky mountain oysters

• Anti-venom medication

• Some vaccines

• Some monoclonal antibody 

therapies for cancer

• Heparin (stroke)

• Products with:

• Magnesium stearate 

• Glycerin

• Gelatin

Some products with magnesium stearate:

 -Vegetable and coconut oil

 -Flaxseeds, walnuts

 -Eggs, cheese

 -Infant formula



HISTORY OF ALPHA-GAL ALLERGY

Image credit: Emily Owens Pickle



Image credit: Emily Owens Pickle



NATIONAL ALPHA-GAL ALLERY SERO-STUDY

Thompson et al 2023 MMWR
Carpenter et al 2022 MMWR

• ~30% of persons tested for AGA 

have a positive diagnostic test

• Older men were the greatest at-risk 

group

• Low clinical knowledge. 42% of 

health care providers have never 

heard of AGA



CROWD SOURCED PATIENT DATA

https://www.zeemaps.com/



DIAGNOSED ALPHA-GAL ALLERGY @ PRISMA

Waltz et al 2025 South Med J



LOCAL SYMPTOMOLOGY PROFILES

Waltz et al 2025 South Med J



AGA ANTIBODY TITERS OVER TIME

Waltz et al 2025 South Med J



CURRENT AGA RESEARCH

• Seroprevalence of AGA sensitization across 

the state using a large biobank

• Biomarkers associated with symptoms vs 

sensitization

• Prospective annual seroconversion risk

• MUSC Pediatric Allergy group → AGA in kids



• History of Ehrlichiosis

• 1920 - First identified in ticks

• 1986 – Recognized as human pathogen

• 1999 – Nationally notifiable disease

• Several pathogen species

• Ehrlichia chaffeensis

• E. ewingii

• E. ruminantium (Panola Mountain Ehrlichia)

• Clinical symptoms

• 1 to 2 week incubation period

• Flu-like illness, rash

• Severe disease: meningoencephalitis, organ failure, hemorrhagic 

leakage

EHRLICHIOSIS 

E. chaffeensis contained in vacuoles in the cytoplasm of 

a monocyte (Paddock & Childs, 2003).

Morulae 

contained in the 

cytoplasm of a 

white blood cell 

(monocyte)



EHRLICHIOSIS IN SOUTH CAROLINA 
• 6% of ticks have at least one Ehrlichia spp

• Ehrlichia positive ticks were

• 2x more likely in nymphal ticks

• 14x more likely in coastal marshes

• 16X more likely in Colleton County

• 9x more likely in April

• More likely on humid and hot days



SPOTTED FEVER GROUP RICKETTSIA



• Antibody titer >1:128 OR 4-fold increase over 2 week period

• R. rickettsii focused could be cross-reactive

• SFGR PCR of febrile patient blood OR eschar

• Classic Rocky Mountain Spotted fever triad (<50% of contemporary cases have this):

• Rash

• Headache

• Fever

• Rickettsia parkeri is characterized by eschar

• Rickettsia amblyommatis clinical profile is unknown

• Other clinical indicators:

• Thrombocytopenia

• Hyponatremia

• Elevated hepatic transaminases

• Doxycycline is most effective when given <5 days of symptom onset

Image credit: CDC

SFGR IN CLINIC

Classic pathognomic indicators of       

         R. parkeri              versus  R. rickettsii 

                     



SFGR SPECIES IN SOUTH CAROLINA TICKS

Five competent SFGR vector species 
Amblyomma americanum
Amblyomma maculatum

Dermacentor variabilis
Haemaphysalis longicornis
Rhipicephalus sanguineus

Image credit: Dr Lidia Gual Gonzalez



SFGR SPECIES IN SOUTH CAROLINA TICKS

~Half of tested metastriate ticks are SFGR positive

• 25% R. amblyommatis

• 19% R. parkeri 

R. amblyommatis tick infection was significantly 

correlated with:

• Deciduous, evergreen & mixed forests

R. parkeri tick infection was significantly 

correlated with:

• Deciduous, evergreen & mixed forests

• Herbaceous vegetation

• Cultivated cropland

• Wood and emergent wetlands

Gual Gonzalez et al 2024 Parasites and Vectors



CLINICAL SFGR IN SOUTH CAROLINA

3.4% seropositive (>1:128) on R. rickettsii IFA slides

• 17% at 1:64 titers

-------

• 0.8% at 1:256 titers

• 0.5% at 1:512 titers

Getis-Ord-Gi statistics identified hot spot clusters in 

rural counties

Gual Gonzalez et al 2024 Ticks and Tick borne Disease



Healthy, wealthy, older white 
males with known tick bites and 

outdoor activity were highest risk 
group for SFGR infection

CLINICAL SFGR IN SOUTH CAROLINA

Gual Gonzalez et al 2024 Ticks and Tick borne Disease



LYME DISEASE IN SOUTH 
CAROLINA



Ixodes scapularis

Blacklegged tick

 -Alternative vector: Ixodes keiransi, Ix brunneus 

Prefers to feed on rodents, birds and deer. Will bite humans

Vectors pathogens that cause:

• Lyme disease (Borrelia burgdorferi complex)

• Borrelia mayonii, B. garinii & B. bissettii

• Powassan virus

• Ehrlichia spp

• Anaplasma phagocytophilum

• Babesia microti

adults nymph

Rudenko et al 2023 Emerg Infect Dis, Golovchenko et al 216 Par Vec, Stanek et al 2012 Lancet



IXODES SCAPULARIS POPULATION STRUCTURE IN SC

Dill et al, in preparation

• <500 ticks in the last five years

• Peak in the winter months

• Northern clades associated with greater pathogen 

infection and overwinter on top of leaf litter

• Southern clades associated with amphibians and 

overwinter under leaf litter

• Classify the genetics of BLTs in our state

• 2020-2021 questing Ixodes scapularis ticks 

• 16S Sequencing of V3-V4 region

• DADA2 pipeline with Uclust for taxonomy

Snow Pack

Leaf litter

Ground

Northern Tick

Southern Tick



IXODES SCAPULARIS POPULATION STRUCTURE IN SC 

Dill et al, in preparation

Southern Northern

Southern Northern



SUMMARY OF IXODES SCAPULARIS

• Concern that it will become an emerging species 

in the Upstate, but currently little evidence of 

major concern in the state.

– 5 locations in 2020

– 13 locations in 2024

• Diseases from this tick are not a major concern:

– Lyme disease is the not most commonly reported TBD in 

SC

– <1% of ticks are Anaplasma infected

• None collected in the last three years 

– 2% of ticks are Borrelia infected

Ix. scapularis
 

Ix. keiransi
 

Ix. brunneus
 



SUMMARY OF SC TICKS

Employed Bayesian joint species distribution models to predict probability of 
tick presence at a 4 km2 resolution

Case et al 2024 Ticks Tickborne Dis



KISSING BUGS & TRYPANOSOMA CRUZI



CHAGAS DISEASE, AMERICAN TRYPANOSOMIASIS, OR
TRYPANOSOMA CRUZI

Media credit: WHO, CDC



ALTERNATIVE TRANSMISSION METHODS

Oral Vertical

Transplant/Transfusion

Up to 315 congenitally 

infected babies are born every 

year in USA



THE CLINICAL CHALLENGE OF DIAGNOSING 

CHRONIC DISEASE



WHAT IS THE CLINICAL IMPACT OF CHAGAS DISEASE IN THE 

AMERICAN HEALTH SYSTEM?



ID Age Gender Race Ethnicity
State, Country 

of Birth

True 

Positive††
BCM Testing

CDC Confirmation 

Testing

Stat-Pak Hemagen
Weiner 

EIA
Tesa Blot

CM-013 79 Female Caucasian Latino
Guerrero, 

Mexico
No Faint Positive (-) (-) NP

CM-014 66 Male Caucasian Latino
La Union, El 

Salvador
Yes Positive Positive Positive Positive

CM-017 62 Male Caucasian Latino

San Salvador, 

El Salvador Yes Positive Positive Positive Positive

CM-037 73 Female Caucasian Latino
El Salvador †

Yes Faint Positive (-) Positive Positive

CM-048 54 Male Caucasian Latino
Texas, USA

No Faint Positive (-) (-) NP

CM-058 68 Female Caucasian Latino
Michoacan, 

Mexico
No (-) Positive (-) NP

CM-082 70 Female Caucasian Latino
Tegucigalpa, 

Honduras 
Yes Positive Positive Positive Positive

CM-116 34 Male Caucasian Latino
Acapulco, 

Mexico
No Faint Positive (-) (-) NP

CM-121 77 Male Caucasian Latino
Maracay, 

Venezuela
Yes Positive Positive Positive Positive

CM-143 42 Male Caucasian Latino
San Miguel, El 

Salvador
Yes Positive Positive Positive Positive

CM-155 73 Male Caucasian Latino
(Unreported) †

No Faint Positive (-) (-) NP

CM-174 78 Male Caucasian Latino
Guerrero, 

Mexico
Yes Positive Positive Positive Positive

CM-197 62 Male Caucasian Latino
Tamaulipas, 

Mexico
No Positive (-) (-) NP

CM-243 54 Male Caucasian Latino
Durango, 

Mexico
No Faint Positive (-) (-) NP

14% screened 

positive

7% confirmed 

positive

Most were from 

El Salvador

Only one knew 

what Chagas 

disease was

UNDIAGNOSED CARDIAC CHAGAS DISEASE IN THE USA

Nolan et al 2021 Emerg Infect Dis



UNDIAGNOSED CHAGAS DISEASE IN THE HEALTHY 

FOREIGN-BORNE AMERICAN

2.9%
1.24% (2010s)

Lynn et al 2025 Open Forum Infect Dis
Castro-Sesquen et al 2020 Clin Infect Dis
Meymandi et al 2017 Clin Infect Dis
Naven et al 1985 Am J Pub Health

3.8%
2.5% (1985)



• Prior to starting surveillance study:

• Worked closely with community partners to 

design approach

• Free medical clinics

• Latinx-serving community organizations

• Performed several grand round presentations

• *Created clinical champions*

• 14 healthcare personnel across the provider 

spectrum

• Targeted educational meetings

• Connections to other Chagas-knowledgeable 

clinicians nation-wide

UNDIAGNOSED CHAGAS DISEASE IN THE HEALTHY 

SOUTH CAROLINIAN

Lynn et al, 2025, in review



CHAGAS DISEASE HUMAN SURVEILLANCE IN SOUTH CAROLINA

Lynn et al, 2025, in review

71 participants 
enrolled

6 patients 
screened 
positive

4 returned for 
confirmation 

testing

2 were confirmed 
positive and routed 
for clinical follow-

up

 All 

Participants 

(N=69) 

T. cruzi 

Negative 

Participants 

(N=67) 

T. cruzi 

Positive 

Participants 

(N=2)˦ 

N (%) N (%) N (%) 

Country/Region of Origin 

Mexico 40 (58%) 39 (58.2%) 1 (50%) 

Central America 19 (27.5%) 18 (26.9%) 1 (50%) 

South America 9 (13%) 9 (13.4%) 0 (0%) 

Latin American Carribean 1 (1.4%) 1 (1.5%) 0 (0%) 

Age range (years) 

18-29 10 (14.5%) 10 (14.9%) 0 (0%) 

30-39 18 (26.1%) 17 (25.4%) 1 (50%) 

40-49 28 (40.6%) 27 (40.3%) 1 (50%) 

50-59 9 (13.0%) 9 (13.4%) 0 (0%) 

≥60 4 (5.8%) 4 (6%) 0 (0%) 

Education 

≤Secondary school 40 (58%) 38 (56.7%) 2 (100%) 

>Secondary school 29 (42%) 29 (43.3%) 0 (0%) 

Number living in the household 

1-3 24 (34.8%) 22 (32.8%) 2 (100%) 

4-6 32 (46.4%) 32 (47.8%) 0 (0%) 

≥7-9 12 (17.4%) 12 (17.9%) 0 (0%) 

Health Insurance 

Yes (private/employer, Medicaid) 6 (8.7%) 6 (9%) 0 (0%) 

No 63 (91.3%) 61 (91%) 2 (100%) 

Reasons for difficulty seeking care 

Language, translation barrier 11 (15.9%) 11 (16.4%) 0 (0%) 

Money 3 (4.3%) 3 (4.5%) 0 (0%) 

Transportation 7 (10.1%) 7 (10.4%) 0 (0%) 

Other 2 (2.9%) 3 (4.5%) 0 (0%) 

7-fold increase in testing orders (p=0.009) up to 
51 months post-intervention



Dye-Braumuller et al 2020, AJTMH

IS LOCALLY ACQUIRED HUMAN CHAGAS DISEASE POSSIBLE IN SC?



• 1859: Triatoma lecticulara described in the Carolinas

•  1934 – today : 35 Triatomine specimens from 14 counties 

housed in Clemson’s state insect collection

• 2002 & 2007: High prevalence of T cruzi positive raccoons 

and foxes 

Yabsley et al 2002, J Wild Dis

Rosypal et al 2007, J Parasit

CHAGAS DISEASE HISTORY IN SC



UNDIAGNOSED CHAGAS DISEASE IS 

A PUBLIC HEALTH PROBLEM IN 

SOUTH CAROLINA!



TALK SUMMARY

• Mosquito-borne diseases
• West Nile virus

• Malaria and Oropouche virus

• Tick-borne diseases
• Lone star tick & diseases

• Black-legged tick & Lyme disease

• Other vectored diseases
• Chagas disease
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