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Learning Objectives

• Describe when patients are at risk for contracting 
vector-borne diseases based on where they live and 
travel

• Identify key symptoms of vector-borne diseases and 
know when immediate medical attention/intervention 
is needed

• Facilitate patient/parent education on prevention 
strategies and bite avoidance information
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TicksTicks
• “The Swiss Army knife of disease vectors” 

(National Academy of Sciences)
• Around since the Jurassic era
• Are opportunistic
• Survive frigid climates
• Don’t fall from trees

• Usually in knee-high vegetation away from direct 
sunlight

• Edge of wooded areas
• MOST BITES HAPPEN IN OR NEAR YOUR 

PATIENTS’ OWN YARDS
• More than 90% of nationally notifiable vector borne 

diseases are linked to ticks* 
*England Journal of Medicine Bracing for the Worst — Range Expansion of the Lone Star Tick in the Northeastern U.S.
DNewec 5, 2019 4

Ticks and Tick-borne Diseases (TBDs)
• Worldwide, ticks are second only to mosquitoes as the most important 

vector of infectious disease agents in humans
• Transmit a greater diversity of viral, bacterial and protozoan infections than any 

other arthropod on earth
• In many regions of the world, including Europe and the U.S., TBDs are the 

most widespread and medically important of all vector-borne infections 
• TBDs have expanded worldwide both in the U.S. and Europe

• 14 newly recognized TBD have been identified in the last 25 years
• Minimizing the risk of tick bites remains the most important measure to 

reduce the risk of TBD
• Wear long pants tucked into boots
• Apply tick repellents and permethrin
• Inspect for and removing attached ticks as soon as possible following exposures to 

tick-infested areas

U.S. Ticks That Bite HumansU.S. Ticks That Bite Humans
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Reported Tick-borne Disease Cases

Centers for Disease Control and Prevention

Tick-borne Disease 2020 2021
Lyme 476,000 estimated 476,000 estimated

Spotted fever rickettsiosis* N/A N/A
Anaplasmosis 3,543 5,749
Babesiosis 1,746 2,306
Ehrlichiosis 1,173 927
Tularemia 147 114
Powassan 19 19
Borrelia Miyamotoi, Bourbon, Heartland Emerging – no national data

* CDC has not updated its data there were 5,207 in 2018 and 5,544 in 
2019.

Tick-borne Diseases Are Challenging

• Most tick-borne diseases have similar symptoms
• Symptoms are non-specific, flu-like

• Tests for many tickborne diseases are generally not 
accurate until 45 days after symptom onset

• Best to treat on the presumption of a vector-borne
illness

Lyme DiseaseLyme Disease
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• Lyme is the #1 vector-borne disease in 
the U.S.

• Bacterium transmitted by the 
blacklegged tick

• More than 476,000 cases annually
• 10-fold higher than the number of 

reported cases
• Attachment time for transmission = 

24-36 hours
• Most active in Spring and early 

Summer but can occur in the Fall

Blacklegged (or Deer) Tick

2019 Lyme Cases

Centers for Disease Control and Prevention

Western Blacklegged Tick 
(West Coast)

Lyme DiseaseLyme Disease
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• Symptom onset 3 - 30 days 
• Bull’s eye rash occurs in 70-80% of cases 

• Can appear anywhere on the body
• Expands over several days up to 11” in 

diameter
• Warm, painless, doesn’t itch
• Not always a “classic” erythema migrans 

rash
• Multiple rashes may appear

Atypical Lyme Erythema Migrans

*Smith RP et al.  Ann Intern Med 2002
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Treatment For Lyme – CDC Recommendation

• Follow CDC guidelines for treatment 
• Doxycycline is treatment of choice

• Tests for Lyme are generally not accurate until 45 days after symptom 
onset
• Treat on the presumption of a vector-borne illness – testing is often 

unreliable, misinterpreted

• Treat
• Patients with symptoms
• Asymptomatic patients who have experienced high-risk bites 

• If the bite is from a blacklegged tick
• It occurred in a highly endemic area AND
• The tick was attached for 36+ hours 

12
Centers for Disease Control and Prevention
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Blacklegged Ticks Are 
Different in the South/Midwest

• In northern areas, blacklegged ticks are 
aggressive, PREFER humans 

• In the South/Midwest, blacklegged ticks are 
reclusive

• Rarely emerge from leaf litter
• Prefer other hosts

• Less likely to feed on humans

• Less Lyme in the environment
• Genetic differences explain why the South has 

almost no Lyme 
• The role of lizards in the South

13

Arsnoe, I.M. et al. Different Populations of Blacklegged Tick Nymphs Exhibit Differences in Questing Behavior That Have Implications for Human Lyme Disease Risk PLoS One 2015; 10(5)

Southern Tick Associated Rash Illness (STARI) 
• Is mistaken for Lyme, especially in the South
• Pathogen unknown
• Reported in all age groups 
• Lyme-like symptoms but rash differs:

• A single rash (Lyme may have multiple)
• Smaller (2-4” vs. Lyme 2-11”)
• Occurs at bite site

• More prevalent than Lyme in southeastern 
U.S.

• Also called Masters disease
• Transmitted by the Lone Star tick

14

Intern Med Advance Publication

Lone Star Tick

Photo courtesy Karen Bloch, MD

Spotted Fever Rickettsioses
Rocky Mountain Spotted Fever (RMSF)

• 2018 – 2019: 10,751 cases reported in the U.S. 

• Caused by bacterium Rickettsia rickettsii

• Children <10 years at special risk
• Represent 6% of RMSF diagnoses, but 22% of RMSF deaths

• Tick attachment >6 hours required for injection of bacteria

• Most cases occur between April – September

• Symptom onset 7-14 days after tick bite 

15

American Dog Tick 
Source: Centers for Disease Control and Prevention

RMSF Symptoms
• Early signs/symptoms not specific to RMSF (including fever and headache)
• Rapid progression to serious, life-threatening illness if treatment is not 

started promptly
• Symptoms may include:

• Fever
• Headache
• Rash
• Nausea, Vomiting
• Stomach pain
• Muscle pain
• Lack of appetite

• Children report nausea, vomiting, loss of appetite, and rash
• Are less likely to report headache
• Abdominal pain, altered mental status
• Edema involving the dorsum of the hands or around the eyes

• Laboratory diagnostics are usually ineffective for establishing an acute 
diagnosis

Source: Centers for Disease Control and Prevention

RMSF Rash
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Early (day 2-4) Late (>day 4)

RMSF Treatment
Follow CDC Guidelines

• “If you don’t treat by Day 5, they may be DEAD by Day 8”—CDC MD
• Start treatment, don’t wait for test results

• Before antibiotics, fatality rate was 80%
• Doxycycline first-line treatment for adults and children of all ages:

• Adults: 100 mg every 12 hours

• Children under 45 kg (100 lbs): 2.2 mg/kg body weight BID

• Treat for at least 3 days after the fever subsides and there is evidence of 
clinical improvement

• Minimum course of treatment is 5-7 days

• See CDC Guidelines

18
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Anaplasmosis
• An emerging public health threat in 

the U.S.
• 2010 – 2019: cases more than tripled 

in the U.S. 
• 18,955 from 2018-2021

• Six states including ME, MA, NY, PA, WI 
and MN accounted for more than 75% of 
all cases

• Life-threatening disease with 
estimated case fatality of 0.3%

• At highest risk – males, those over 40 
years, those who live near or spend 
time in known blacklegged tick 
habitats

• Most cases occur May - August 19

Blacklegged Tick

Anaplasmosis -- Symptoms

• Typically begin within 1–2 weeks after the bite of an infected tick
• Can cause severe illness if treatment is delayed
• Symptoms are non-specific

20

• Early (1-5 Days)
• Fever, chills
• Severe headache
• Muscle aches
• Nausea, vomiting, diarrhea, loss 

of appetite

• Late (5 Days or More)
• Respiratory failure
• Bleeding problems
• Organ failure
• Death

Anaplasmosis -- Treatment

• Early treatment with the antibiotic doxycycline can prevent death 
and severe illness. The CDC recommends

• Adults: 100 mg every 12 hours
• Children under 45 kg (100 lbs): 2.2 mg/kg body weight given twice a day
• 10–14 days to provide appropriate length of therapy for possible concurrent 

Lyme disease infection.

• Can lead to severe illness and even death if treatment is delayed
• See CDC Guidelines for more information

21

Babesiosis 2021Babesiosis 2021
• An infection of red blood cells caused by parasites
• Between 2018 – 2021 there were 19,118 cases 

reported in the U.S. 
• Northeastern and upper Midwest where Lyme is an 

issue
• Can occur as a co-infection
• Transmitted by blacklegged ticks and by blood 

transfusion
• Transmission - Spring, Summer and Fall - peaks during 

the warm months
• Most patients age 50+ 

• Fewer than 5% (2013) are under the age of 18
• Hospitalization rate: cases reported to the CDC between 

2011 - 2015 about 50% were hospitalized 
• 1/3 experienced complications
• Hospitalization rate 16% among children aged 10–19 years

• Can be life-threatening esp. for those who are asplenic, 
immunocompromised, elderly

22

Blacklegged Tick

Source: Centers for Disease Control and Prevention

Babesiosis - Symptoms
• Onset typically June-August 
• Underdiagnosed in all age groups
• Symptoms within a week or so after tick bite

• Many individuals are asymptomatic

• Often nonspecific, flu-like symptoms:
• Fever, chills
• Sweats
• Headache
• Body aches
• Loss of appetite
• Nausea or fatigue

• Symptoms can be severe
• Can lead to hemolytic anemia, respiratory distress myocardial infarction, renal 

failure, hepatic compromise, altered mental status, and death
23

Babesiosis TreatmentBabesiosis Treatment

• This is a parasite and should not be treated with Doxycycline
• CDC recommends 7-10 days with either:

• Atovaquone PLUS azithromycin; OR
• Clindamycin PLUS quinine (this combination is the standard of care 

for severely-ill patients)

• See CDC Guidelines for treatment

24
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Ehrlichiosis

25

Lone Star Tick

• Between 2018 – 2021 there were 5,994 reported 
U.S. cases

• More than 60% of 2018-2021 reported cases 
occurred in 5 states (NJ, NY, MD, MO, NC, KY, 
TN, AR

• 927 cases in 2021, 1,173 in 2020
• Caused by bacteria

• Ehrlichia chaffeensis (most common)
• E. ewingii
• E. muris eauclairensis 

• More than 40% of 2021 reported cases of E. 
chaffeensis ehrlichiosis occurred in 5 states 
(NY, MD, NC, VA, AK)

• Transmission in Spring, Summer and Fall
• 57% of patients require hospitalization
• 11% develop life-threatening complications
• 12% of U.S. cases in children 18 or younger

Centers for Disease Control and Prevention, Kuriakose K et al. Assessment of Risk Factors and Outcomes of Severe Ehrlichiosis Infection JAMA Network Open 2020 

Ehrlichiosis Symptoms

26

Early signs (1-2 weeks after bite)
• Fever, chills
• Severe headache
• Muscle aches
• Nausea, vomiting, diarrhea, loss of 

appetite
• Confusion
• Rash (more common in children)

Severe / Late Stage
• Meningoencephalitis
• Respiratory failure
• Uncontrolled bleeding
• Organ failure
• Death 

• 1% fatality rate in adults

• For children younger than 5 years old,  the 
reported fatality rate is 4%

Heitman KN et al. Increasing Incidence of Ehrlichiosis in the United States: A Summary of National Surveillance of Ehrlichia chaffeensis and Ehrlichia ewingii Infections 
in the United States, 2008–2012 The American Journal of Tropical Medicine and Hygiene 2016

Tests are not useful for diagnosis during the 
acute stage of illness when timely treatment is needed

Ehrlichiosis Treatment

27

Heitman KN et al. Increasing Incidence of Ehrlichiosis in the United States: A Summary of National Surveillance of Ehrlichia chaffeensis and Ehrlichia ewingii Infections in the United States, 2008–2012 The 
American Journal of Tropical Medicine and Hygiene 2016 
*https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2773048

• Doxycycline is the first-line treatment for adults and children of 
all ages
• Delay in initiation of empirical doxycycline therapy appears to be a risk factor for severe ehrlichiosis; 

education focused on early recognition and treatment may decrease morbidity associated with this 
infection*

• Adults: 100 mg every 12 hours
• Children under 45 kg (100 lbs.): 2.2 mg/kg body weight given twice 

a day
• Patients with suspected ehrlichiosis should be treated with 

doxycycline until at least 3 days after the subsidence of fever 
and until evidence of clinical improvement, typically 5-7 days.

• See CDC Guidelines for details

Tularemia-Rare

• There were 274 reported U.S. cases in 2019, 119 in 2021, 
158 in 2020

• A bacterium transmitted by tick or deer fly bites and from 
handling carcasses of infected animals, dust inhalation or 
water contamination

• Hunters and farmers are often exposed 
• 23% of the U.S. tularemia cases are children 19 or under
• Symptoms vary based on the mode of transmission but are 

accompanied by a fever up to 104F
• Skin lesion is most common with tick bite 
• Can be effectively treated with antibiotics 
• See CDC treatment guidance

28
American Dog Tick Lone Star Tick

2019 Reported Cases

Rocky Mountain  
Wood Tick

Powassan -- Another Concerning Virus 
Delivered by Blacklegged Ticks

Powassan -- Another Concerning Virus 
Delivered by Blacklegged Ticks

• Causes a rare and potentially life-threatening 
neuroinvasive disease

• 102 neuroinvasive cases between 2018 - 2021 
in the U.S.

• Same 14 states as Lyme

• Transmission - late spring through mid-fall
• Transmission within 15 minutes of tick 

attachment
• 10% fatality rate for severe disease
• 50% of survivors have lasting neuro symptoms

29

Blacklegged (Deer) Tick 

Powassan SymptomsPowassan Symptoms
• A week to one month after 

bite
• Many patients asymptomatic
• Initially fever, headache, 

vomiting, weakness
• Severe disease - encephalitis 

or meningitis
• Confusion, loss of coordination, 

difficulty speaking, seizures
• There is no treatment

30

Centers for Disease Control and Prevention

Jnl of Medical Entomology 2022
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• An emerging tick-borne illness 
wherever Lyme occurs

• May be spread by larval blacklegged 
ticks

• Occurs July/August
• Signs and Symptoms

• Characterized by recurring febrile 
episodes that last ~3 days and are 
separated by afebrile periods of ~7 days 
duration

• Patients may experience a wide range of 
non-specific symptoms

• Can successfully be treated with 
antibiotics. See CDC for guidance

Hard Tick Relapsing Fever
Borrelia miyamotoi Disease

31Source: Centers for Disease Control and Prevention

Jnl of Medical Entomology 2022

Soft Tick Relapsing Fever
• Ticks live in mountain cabins in the forested foothills and 

mountainous regions above 3,000 feet western states
• Found in caves in Texas
• Reported in 15 states

• Transmission March - September
• Feed quickly, then return to a dark, protected location
• Spiral-shaped bacteria in a patient’s blood sample
• Symptoms: Relapsing and recurring fever

• Patients rarely develop long-term problems or die
• 50% of patient have biphasic illness with symptoms 

improving after 2-4 days, then recurring 1-3 days later
• 5-10% of children develop meningitis or encephalitis.

• Responds to penicillin, other beta-lactam antimicrobials, 
tetracyclines, macrolides, and possibly fluoroquinolones. See 
CDC Guidance

32

1990 – 2011 Cases

Tick Paralysis
• Rare 
• Between 1946-2006, 80% of 

patients were girls under 8 years of 
age 

• Peak incidence is in the spring and 
early summer

• Ticks bite girls on the scalp and 
around the ears

• Adults and boys are more likely to be 
bitten in the back or groin area

• Within 24 hours of tick removal, 
paralysis subsides

33

American Dog Tick 

Borawski,K et al. Tick Paralysis Przegl Epidemiol 2018;72(1): 17-24.

Colorado Tick Fever
• Rare
• Usually limited to elevations higher than 4,000 feet
• Most patients are males aged 15-45 years
• Occurs typically between April and August
• Symptoms (4 – 5 days after bite)

• Fever, chills, headache, myalgias, lethargy
• ~50% of patients have a biphasic illness with symptoms 

remitting after 2 - 4 days, recurring 1 to 3 days later
• Conjunctival injection, pharyngeal erythema and 

lymphadenopathy may be present
• Maculopapular or petechial rash in <20% of patients

• Prolonged convalescence characterized by weakness and 
fatigue is common in adults

• Life-threatening complications and death are rare --
usually with disseminated intravascular coagulation or 
meningoencephalitis in children

• No treatments. Hospitalization may be needed
34

Rocky Mountain Wood Tick 

Source: Centers for Disease Control and Prevention

2010 – 2019 cases in dark blue, 
Rocky Mountain Wood tick in light blue
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• Bourbon virus transmitted by the Lone Star tick
• Identified in 2014 in Kansas
• People 50+ and those with chronic health problems are at higher risk
• Cases have been identified in KS, MO and other midwestern and 

southern states

• Heartland virus transmitted by the Lone Star tick
• Most people diagnosed from May through September
• Men over the age of 50 are at higher risk
• Seen in 17 states

Heartland 2020 

Lone Star Tick

• Galactose-alpha 1,3-galactose (alpha gal) present in tick 
saliva and red meat
• Allergic reaction to meat consumption (beef, pork, lamb, wild 

game, cow’s milk) and mammalian meat-based products

• Delayed anaphylaxis, hives
• May be fat-content related, so risk in milk is lower

• Allergy may wane if future tick bites are avoided
• To date, just 8% of patients have recovered

36

Tick-Associated Red Meat Allergy
Lone Star Ticks are the Culprits

Lone Star Tick
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Alpha-Gal AllergyAlpha-Gal Allergy
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• Blacklegged Ticks
• Anaplasmosis
• Babesiosis
• Borrelia miyamotoi
• Ehrlichiosis
• Lyme
• Powassan

• Lone Star Tick
• Alpha-gal
• Bourbon
• Ehrlichiosis
• Heartland
• STARI
• Tularemia

• American Dog Tick
• RMSF
• Tularemia

Co-infections

38

• If the patient is symptomatic, immediate treatment is needed        
• NEVER wait for test results
• Tests may be inaccurate until 45 days after symptoms begin, so 

waiting to treat is not the optimal option
• Tests are often inaccurate or confounded by previous tick-borne 

infections
• Most infection control experts suggest that testing is not useful 

during the acute phase of illness
• Doxycycline is AAP’s and CDC’s recommendation

• Dosage information is on CDC website
• National survey (2012)

• 35% of providers would not give DOXY to children younger than 8 
years old due to concern for dental coloration

FOLLOW  AAP/CDC GUIDELINES AND GIVE DOXYCYCLINE 
REGARDLESS  OF THE PATIENT’S AGE

Treatment For Tick-Borne DiseasesTreatment For Tick-Borne Diseases

39Source: Centers for Disease Control and Prevention

• First found in NJ, now in 17 states
• Behavior unlike other U.S. ticks

• Sunlight/short grass in the Bronx
• Reproduces without males
• Aggressive biters swarm by the 1000s, quickly cause death in animals 

due to blood loss

• No reported human disease transfers yet in the U.S.
• Experts worry about ability to vector Lyme, RMSF, others
• Transmits Japanese encephalitis in Asia

• States with this tick (# of confirmed counties/total # of counties)
• Virginia 36/134, West Virginia 29/55, North Carolina 21/100, 

Pennsylvania 16/67, New York 11/62, New Jersey 10/21, Tennessee 
10/95, Maryland 8/24, Kentucky 5/120, Connecticut 3/8, Delaware 
3/3, Ohio 3/88, Missouri 2/115, South Carolina 2/46, Arkansas 1/75, 
Georgia 1/159, Rhode Island 1/5.

40

Asian Longhorned Tick—An Invasive Tick

Courtesy of DNREC

Tick-Bite Prevention Messages

• When coming inside, put clothing in the dryer 
on high heat for 20 minutes

• Do a tick-check when you’re in the shower
• Check all nooks and crannies
• Look for moving freckles

• Estimated disease transmission time 
• 36-48 hours 
• Anaplasmosis 12-24 hours
• Powassan 15 minutes
• Rocky Mountain Fever 6 hours

41Source: Centers for Disease Control and Prevention

What TO DO
• REMOVE the tick ASAP 

• Time is of the essence

• Clean wound area with soap   
and water, antiseptic

• Put the tick in alcohol to kill it

What NOT to do…

• Burn it (gasoline, kerosene)
• Smother it (petroleum jelly)
• Poison it (fingernail polish)
• Annihilate it (hot match tip)
• Crush it
• Use Dawn soap

Tick RemovalTick Removal
The tick’s “mouth” 

that penetrates skin 
and is cemented  

into place
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• If the head remains after tick removal, don’t 
panic…the body is the part that really matters

• If there are NO symptoms after a tick bite, there is 
no need for the patient to seek further treatment 
and no need for antibiotics

More on RemovalMore on Removal

43 44

Yard DesignYard Design

45
The Connecticut Agriculture Experiment Station

Tick SummaryTick Summary
• Lyme is the most commonly-reported tick-borne disease in 

the U.S.

• Powassan virus infection has no cure 
• Transmission occurs within 15 minutes

• Ehrlichioses and RMSF can be fatal without prompt treatment
• Remove ticks ASAP—Estimated disease transmission time 24-

36 hours 
• Except Powassan 15 minutes
• Rocky Mountain Fever 6 hours

• CDC Guidance: treat on the presumptive diagnosis of a tick-
borne infection

• Doxycycline for ALL ages

46

Chagas Disease
• Kissing Bug (American trypanosomiasis) 

• Named because they tend to bite the face – at night
• A blood-borne parasite causes illness

• Found mostly in Latin America but also seen in Texas 
and California

• Acute phase symptoms - fever, fatigue, body aches, 
headache, rash, loss of appetite, diarrhea, and 
vomiting

• Chronic phase – lasts months or a lifetime
• 20-30% of patients develop clinical disease, 

predominantly cardiac and/or GI-related
• Both phases can be symptom free or life-threatening
• No cure, so bite prevention is essential

Source: Centers for Disease Control and Prevention

Mosquitoes

• The most important vector of infectious 
disease agents in humans

• 3,500 species worldwide
• 200 species in the U.S.

• 25 are known to bite humans 
• 12 of the 25 species can carry and transmit 

pathogens that can cause human illnesses

48

Culex pipiens– Common House 
Mosquito
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West Nile VirusWest Nile Virus
• WNV: the leading mosquito-borne virus 

infection in the U.S.
• 89% of all patients had illness onset July-

September
• The most common cause of viral encephalitis 

in the U.S.
• Total estimated incidence = 7 million cases 
• Endemic throughout the “lower 48”

• 61% of cases occurred in Arizona 2021
• Hotspots persist with occasional severe 

outbreaks
• In 2018 high incidence occurred in CA, NE, AZ, IL 
• In 2019 - CA, NV and AZ
• In 2020 - CA, FL and IL
• In 2021 - AZ and NE

• Transmitted by Culex mosquitoes 49
Source: Centers for Disease Control and Prevention

More than 50% of the 2018-2021 cases 
were in 4 states – AZ, CA, CO and NE

West Nile Virus
• 80% of patients asymptomatic
• 19% develop mild symptoms --West Nile fever

• Fever, headache, body aches, joint pains, vomiting, 
diarrhea, or rash

• Fewer than 1% have neuroinvasive disease
• West Nile encephalitis

• West Nile encephalitis can be life threatening
• Adults present with encephalitis, kids with meningitis 

in more severe cases
• 34% of U.S. pediatric cases are neuroinvasive  

• Fatality rate
• 14% in older adults    
• 1% in children

• CA more cases than any other state 2009-2018
• Southern CA and Central Valley are hardest hit

• No vaccine or specific medicines are available for West 
Nile virus infection 50

Source: Centers for Disease Control and Prevention

La Crosse EncephalitisLa Crosse Encephalitis

51Centers for Disease Control and Prevention

• The leading cause of pediatric encephalitis in North 
America

• Transmission - late spring through early fall
• 88% of patients are 19 and younger (2000-2013)
• WV, NC, TN, and OH 80% of cases

Photo: Lynn Bergen  

Eastern Treehole Mosquito
Bites early mornings and late afternoons

More than 75% of the 2018-2021 cases 
were in 3 states – NC, OH and TN

La Crosse Encephalitis SymptomsLa Crosse Encephalitis Symptoms

52Centers for Disease Control and Prevention

• Onset ranges 5 -15 days after bite
• Characterized by: 

• Fever (usually lasting 2-3 days), 
• Headache
• Nausea
• Vomiting
• Fatigue 
• Lethargy (reduced activity or alertness)

• Under-reporting of less severe cases
• 80% hospitalized 
• Most patients have complete recovery
• Mortality less than 1%
• Severe disease most often in children under the age of 16
• Neurological sequelae can occur
• No vaccine or specific medicines are available for La Crosse

Eastern Equine Encephalitis

• Rare, but causes substantial illness and death
• Typically circulates in the eastern half of the 

U.S.
• Symptoms

• In adults and older children, several days of 
systemic illness 

• Fever, chills, malaise, arthralgia, myalgia
• Neurologic symptoms several days later

• Fever, headache, vomiting, diarrhea, seizures, behavioral 
changes, drowsiness, coma

• In infants, neurologic disease often occurs soon after 
onset

• 30% fatality rate in severe cases
• 50% of survivors have lasting neurological 

sequelae
• No vaccine or specific antiviral treatments for 

EEE

Source: Centers for Disease Control and Prevention 53

More than 50% of the 2009-2021 
cases were in 3 states – MA, MI and FL

• Thought to circulate throughout most of 
North America

• One of 5 rare arboviruses capable of 
neuroinvasion

• An under-recognized mosquito-borne 
viral disease 

• 285 U.S. cases from 2009-2021
• Cases occur from late spring through 

mid-fall
• 5% of cases are patients 19 and under
• Symptoms: Fever, muscle aches, 

headaches, fatigue, altered mental 
status

• About 50% require hospitalization
• No vaccine or specific medicines are 

available for Jamestown Canyon virus

54

Jamestown Canyon Virus

Centers for Disease Control and Prevention

75% of the 2009-2021 cases were in 2 
states – WI and MN
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St. Louis EncephalitisSt. Louis Encephalitis

• 119 U.S. cases from 2009–2021
• Rare, re-emerged in the southwest in 2015

• Occurs primarily in the late summer or 
early fall

• Can occur throughout the year in warmer 
climates

• Symptoms include fever, headache, 
nausea, vomiting, and tiredness

• In rare cases, long-term disability or death
• Mortality rate 5% to 15%*
• No vaccine or specific antiviral treatment 

for SLE is available.

55
*Simon LV, Kong EL, Graham C. St. Louis Encephalitis. [Updated 2022 Feb 4]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022 Jan

More than 75% of the 2009-2021 
cases were in 3 states – CA, AZ and TX

• Important to know mosquito behavior
• Daytime biters
• Sip biters/Stealth biters
• Knees to ankles

• Live in urban settings
• Difficult to repel
• AGGRESSIVE

• Prefer people 
• Aedes aegypti

• Zika, Dengue, Chikungunya
• Yellow Fever

56

The Aedes Mosquitoes Are Different
Important for Travelers to Know

Photo by James Gathany, Center for Disease Control Public Health Image Library

Yellow Fever Mosquito (Aedes aegypti)

ESTIMATED Potential Range of Aedes Aegypti 
and Aedes Albopictus

57Centers for Disease Control and Prevention

• Zika, dengue, chikungunya and malaria are 
travel-related diseases – rarely locally 
transmitted

• People traveling “home” to an endemic 
country may not consider the potential of a 
vector-borne disease, don’t use personal 
protection

• When returning to the U.S., they may be 
asymptomatic, but can be bitten by local 
mosquitoes, starting local transmission

• For Zika, transmitted sexually, there are more 
cautions

• See the CDC website for more information
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Dealing with Travelers 
to Endemic Areas Outside the U.S.

Travel-Related Diseases
(Imports)

• Malaria: 4,951 U.S. cases from 2018-2021
• 17% children (<18 years)
• Severe infection with end organ damage more common in children 5 years old or younger
• Symptoms include fever and flu-like illness, including shaking chills, headache, muscle aches, and tiredness. 

Nausea, vomiting, and diarrhea may also occur and may cause anemia and jaundice

• Dengue: 2,105 U.S. cases from 2018-2021
• Local dengue cases have been reported in multiple states in recent years, including 70 cases in Florida in 2020 
• 40% of the world’s population is at risk
• Most common symptom of dengue is fever with any of the following: nausea, vomiting, rash, aches 

and pain (eye pain, typically behind the eyes, muscle, joint, or bone pain)

• Chikungunya: 354 U.S. cases from 2018-2021
• Musculoskeletal symptoms with a chronic polyarthritis
• May resemble autoimmune inflammatory arthritis
• CHIKV infection should always be suspected in a returning traveler presenting with fever, skin rash and arthralgia

• Zika: About 101 U.S. cases from 2018-2021,  no vaccine or treatment
• The most common symptoms of Zika are fever, rash, headache, joint pain, conjunctivitis and muscle pain
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• WNV: most common mosquito-borne disease in the U.S.
• Imported infections widely endemic around the world
• Malaria, Chikungunya, Dengue, Zika virus
• Know where your patients are going for breaks, vacations, business 

trips

• Elsewhere in the U.S., other mosquito-borne diseases are 
possible 

• Bite prevention is essential
• Use repellent
• Dress appropriately
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Key Mosquito MessagesKey Mosquito Messages
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• VBDs are becoming more 
prevalent

• For many VBDs, the only
option is to avoid bites

• Emerging and known 
diseases and their vectors are 
expanding territories

• Personal protection for those 
at home/traveling is crucial

Why Care about Repellents?Why Care about Repellents?
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RepellentsRepellents
• Always use a repellent with an EPA-

registered active ingredient
• Tested for safety and efficacy
• Tested for specific vectors

• EPA has NO age limitations on any of 
the registered actives 
• EXCEPT Oil of Lemon Eucalyptus
• Children must be 3 years of age
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Concentration is the KeyConcentration is the Key

•Concentration is the amount of active 
ingredient in the product

• It’s always on the label
•The higher the concentration the 
LONGER the repellent helps protect 
against bites  

•“More” isn’t better, it’s “Longer”
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Repellent Use for MosquitoesRepellent Use for Mosquitoes
• All concentrations help provide protection--

pick one that matches the length of exposure
• 10%=@90 minutes
• 30%=@ 8 hours
• Use a 25% or higher product for Aedes species

• Follow directions, apply sparingly to exposed 
skin, smooth on like sunscreen or body lotion

• Apply sparingly to clothing or under clothing if 
mosquitoes can bite through fabric (Aedes can)

• Repellent washes off with perspiration/ 
swimming/rain, so reapply as needed
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It’s DIFFERENT for TicksIt’s DIFFERENT for Ticks
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• Start with a 20% or higher concentration for 
ticks
• LOWER concentrations may not work well or 

very long 
• Apply to exposed skin AND clothing, shoes, 

socks, pants
• Use permethrin-treated clothing
• Duration of efficacy may be shorter for ticks than it is 

for mosquitoes
• A 25% concentration DEET product will last 5-6 hours for 

mosquitoes BUT 3-4 hrs. for ticks, so REAPPLY
• Dress appropriately—long pants tucked into socks

HOW You Apply Is Important 

WRONG!
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Application InformationApplication Information
• Smooth on exposed skin
• Spray lightly on clothing (shoes, socks, 

pants, tops)
• Use permethrin-treated clothing

• It’s an insecticide and kills on contact
• Repellents don’t kill ticks or mosquitoes

• Dress appropriately—long pants tucked 
into socks (in tick territory), cover exposed 
skin in mosquito areas

• Repellent washes off with perspiration/ 
swimming/rain, so reapply as needed
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Guidance For Use On ChildrenGuidance For Use On Children

• Since 2003 Am. Academy of Pediatrics
• Use DEET, picaridin, IR3535 on kids 

as young as 2 MONTHS of age in 
concentrations up to 30%

• Parents should apply to their own 
hands and smooth onto the child’s 
exposed skin

• Read and follow label directions
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Sunscreen and RepellentSunscreen and Repellent

• Apply sunscreen first, then 
repellent

• Reapply sunscreen often and 
liberally

• Reapply repellent sparingly 
when bugs return
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ResourcesResources
• American Mosquito Control Association 
• University of Massachusetts Amherst 
• University of Rhode Island  Tick Encounter
• Northeast Regional Center for Excellence in Vector Borne 

Diseases at Cornell University
• Pacific Coast Regional Center for Excellence
• CDC.gov
• www.RepellentInfo.org
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Questions?
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