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Disclosure information

• I have NO financial relationships with the manufacturers of 
any commercial products and/or provider of commercial 
services discussed in this educational activity. 

• I will not discuss unapproved/investigative use of a 
commercial product/device in my presentation. 

• I acknowledge that today’s activity may be certified for 
educational credits and thus cannot be promotional. I will 
give a balanced presentation using the best available 
evidence to support my conclusions and recommendations.



Learning objectives:

Upon completion of this session, you should be able 
to:

1. Recognize the importance of vectorborne
pathogens.

2. Have a better understanding of the epidemiology 
and clinical manifestations of vectorborne infections 
such as Lyme disease, RMSF, and dengue.

3. Effectively recommend and use proper insect 
repellents for bite prevention.



Vector-borne infections: A global problem1

• Vector-borne diseases account for >17% of all 
infectious diseases, causing >700,000 deaths 
annually. These are caused by either parasites, 
bacteria or viruses.

• Malaria is a parasitic infection transmitted by 
Anopheline mosquitoes. It causes an estimated 219 
million cases globally and results in >400,000 deaths 
every year. Most of the deaths occur in children aged 
<5 years.
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Vector-borne infections: A global problem2

• Dengue is the most prevalent viral infection transmitted 
by Aedes mosquitoes. More than 3.9 billion people in 
>129 countries are at risk of contracting dengue, with an 
estimated 96 million symptomatic cases and an estimated 
40,000 deaths every year.

• Other viral diseases include chikungunya fever, Zika, 
yellow fever, West Nile fever, Japanese encephalitis and 
tick-borne encephalitis. 

• Many vector-borne diseases are preventable, through 
protective measures, and community mobilization.
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Public enemies: Transmitters of disease

• Ctenocephalides felis [Cat & oppossum flea]

• Xenopsylla cheopis [Rat flea]

• Dermacentor andersoni [Rocky Mountain wook tick]

• Dermacentor variabilis [Dog tick]

• Rhipicephalus sanguineus [Brown dog tick in SW US, Mexico]

• Pediculus humanus humanus [Human louse]

• Ixodes scapularis, Ixodes pacificus
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Zoonosis Vector-Borne
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CDC, 2018
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Rosenberg R et al. MMWR 

2018;67:496-501. [Public Domain]

National Notifiable Diseases Surveillance System: 16 notifiable vector-borne diseases, 2004-2016. 
642,602 cases reported. Cases doubled 2004 to 2016: >22,000 to >48,000.
~82% of all tickborne diseases in US: Lyme disease
Mosquitoborne epidemics: Dengue, chikungunya, and Zika. PR, AS, and USVI. 
West Nile virus is endemic.
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Patient:
Baseball player with 

swollen right knee for 
~1 year. Parent 
thought swollen knee 

was related to sports 
injury.

Afebrile.
Aspirated by 
Orthopedic surgeon.

WBC ~57,000. Cultures 
negative.
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Ixodes scapularis
CDC Public Library



Clinical manifestations of Lyme disease 

Erythema migrans:
• ~80 percent of patients. Lesions appear 7-14 

days after bite [3-30 days], at ≥5 cm.
• No serologic confirmation needed. Treat.
CNS [days or weeks later]:
• Facial nerve palsy common. Meningitis
Cardiac [within weeks]: AV block
Arthritis [months after onset of illness]

Wormser GP et al. Clin Infect 
Dis 2006;43:1089-1134



Treatment of Lyme disease

Manifestation Agent Duration [Days]

Erythema migrans

Doxycycline 10

Amoxicillin or cefuroxime 

axetil
14

Azithromycin 7 [range, 5-10]

Meningitis or 

radiculopathy

Doxycycline [oral] 14-21

Ceftriaxone 14-21

Ryan White Center for Pediatric 
Infectious Disease and Global Health

Lantos PM et al. Clin Infect Dis 2020;online December 2020



Treatment of Lyme disease

Manifestation Agent Duration [Days]

Cranial nerve palsy Doxycycline [oral] 14-21

Arthritis
Doxycycline, amoxicillin 
or cefuroxime axetil

28

Arthritis, recurrent 
or refractory

Doxycycline, amoxicillin 
or cefuroxime axetil

28

Ceftriaxone 14

Ryan White Center for Pediatric 
Infectious Disease and Global Health

Lantos PM et al. Clin Infect Dis 2020;online December 2020



Treatment of Lyme disease

Manifestation Agent
Duration 
[Days]

Carditis

Doxycycline [oral], 
amoxicillin or 
cefuroxime axetil

14-21

Ceftriaxone 14-21

Ryan White Center for Pediatric 
Infectious Disease and Global Health

Lantos PM et al. Clin Infect Dis 2020;online December 2020



“I found a tick, is prophylactic antibiotic needed?”

1. Prophylactic antibiotic therapy could be given [and only] to adults 
and children within 72 hours of removal of an identified high-risk tick 
bite.

2. A tick bite is considered to be high-risk only if it meets the 
following 3 criteria: Tick bite was from (a) An identified Ixodes spp. 
vector species, (b) It occurred in a highly endemic area, and (c) Tick 
was attached for ≥36 hours.

3. Administration of a single dose of oral doxycycline within 72 
hours of tick removal over observation. Comment: Doxycycline is 
given as a single oral dose, 200 mg for adults and 4.4 mg/kg [up to 
a maximum dose of 200 mg] for children.

Ryan White Center for Pediatric Infectious Disease and Global Health

Lantos PM et al. Clin Infect Dis 2020;online December 2020
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RMSF 2017, CDC



INDIANA UNIVERSITY SCHOOL OF MEDICINE

17 years-old adolescent 
male who lives in 

Franklin, IN. Likes the 
outdoors. Wooded area 
in his backyard. Has 

been exposed to ticks in 
the past.

He presents with fevers, 
fatigue, headaches, 
bodyaches. Mother bring 

him to clinic because he 
developed a rash. It is 

July. He is sexually-
active.



INDIANA UNIVERSITY SCHOOL OF MEDICINE



Dermacentor andersoni

CDC Public Library



Rocky Mountain Spotted Fever: Rickettsia 
rickettsii

• Vectors: Dermacentor variabilis [American dog tick]; 
Eastern US.

• D. andersoni [Rocky Mountain wood tick]; Western US.

• Rhipicephalus sanguineus: Mexico; Arizona

• Amblyomma cajennense: Central, South America; Texas

• Amblyomma americanum: Lone Star tick

• Most cases [56%] in: NC, SC, TN, OK, AR
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• Rickettsia akari: Rickettsialpox; mite-borne

• Rickettsia felis: Cat-flea

• Rickettsia parkeri: Eschar-associated illness

Amblyomma maculatum, Gulf Coast tick: FL, 
GA, KY, MS, OK, SC

Paddock CD et al. Clin Infect Dis 2004;38:805-811

Sumner JW et al. Emerg Infect Dis 2007;13:751-753
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Rickettsia parkeri eschars



Southern States rickettsiosis: Rickettsia parkeri

• Gulf Coast tick, Amblyomma maculatum

• Patients ill late July-early September.

• Known tick bite in ~50% of patients

• Eschar at bite sites. Crusted, nonpruritic, mildly tender.

• Incubation period: 2-10 days [median, 5 days].

• Sore or pimple at bite site. Fever, fatigue, myalgia, 
headache, generalized exanthem. RMSF-like.
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Paddock CD et al. Clin Infect 
Dis 2008;47:1188-1196.





Southern tick-associated rash illness [STARI]

• Vector: Amblyomma americanum

• Organism: Borrelia lonestari

• Erythema migrans-like rash: SE, SC US.

Varela AS et al. J Clin Microbiol 
2004;42:1163-1169



Human monocytic ehrlichiosis

Ehrlichia chaffeensis

Ehrlichia muris-like

Ehrlichia canis

Human granulocytic anaplasmosis

Anaplasma phagocytophilum

Ehrlichia ewingii
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Amblyomma americanum

CDC Public Library



4/29/2022 38

Ehrlichia 
chaffeensis and E. ewingii



Human monocytic ehrlichiosis: Clinical features

Fever 100* Tick attachment 82

Rash 66 Headache 63

Myalgia 63 Anorexia/nausea 57

HSM 41 Heart murmur 33

High AST,ALT 89 Decreased platelets 82

Lymphopenia 80 Leukopenia 69

Anemia 38 * percent

Others: conjunctival hemorrhage, arthralgias, edema, 
DIC, seizures, coma, renal failure

Jacobs RF, Schutze GE. J 
Pediatr 1997;131:184-192



Anaplasma phagocytophilum [human granulocytotropic
anaplasmosis]

• Ixodes scapularis and I. pacificus: vectors of Lyme 
borreliosis and babesiosis.

• New England, North Central and Pacific states [Rhode 
Island > MN > NY > MD]

• Incubation period: 5-21 days

• Symptoms: Fever, headache, malaise, myalgia and 
vomiting. Rash: Rare.

• Leukopenia, thrombocytopenia, elevated LFTs

• Fatality: <1%
MMWR 2006;55[RR-4]:1-27
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Ehrlichia muris
eauclairensis



Babesiosis

• Malaria-like tickborne disease

• Symptomatic disease: Asplenics, persons >50 years of age, 
compromised hosts, congenital and perinatal transmission, 
transfusions.

• Babesia microti in NE, Upper Midwest US. B. duncani in western US. 
B. divergens in Europe [more severe]. Ixodes ticks are vectors.

• Most pediatric disease is asymptomatic. When symptoms, influenza-
like illness. Incubation period: up to 33 days.

• Fever, malaise, and hemolytic anemia. DIC reported. Elevated LFTs.

• Atovaquone and azithromycin: Treatment of choice, 7-10 days.
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New tick-borne pathogen? Newly recognized in US.

• Borrelia miyamotoi disease in the Northeastern US. Newly 
recognized, 2013.

• High fevers, chills, marked headaches, myalgias or arthralgias.

• Elevated liver enzymes, neutropenia and thrombocytopenia.

• Good response to doxycycline. 

• No long-term sequelae.

• Co-infections with Lyme.
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Molloy PJ et al. Ann Intern 
Med 2015;163:91-98.



Northwestern Missouri. June 2009. Tick bite on 
a farm. 57 year-old male.

 Fever, severe fatigue, headache, anorexia, 
nausea, diarrhea.

 Leukopenia, thrombocytopenia, low sodium, 
ALT 57 [rising to 315], AST 44 [up to 431].

Treated empirically with doxycycline.

Second case: 20 tick bites daily.

A new phlebovirus, febrile illness: Heartland 
virus

McMullan LK et al. N Engl J 
Med 2012;367:834-841.



Haemaphysalis longicornis: Longhorned tick
CDC Public Image Library [public domain]



Powassan encephalitis virus: Tick-borne disease

• Rare, emerging infection, upper Midwest

• Flaviridae, tick-borne. Only severe cases reported?

• Seroprevalence: Canada [5.8%], NY [0.7%]

• Ixodes and Dermacentor ticks are vectors.

• 1958-2000: <40 cases

• 2001-2010: 33 cases in MN, WI; 12 in NY

2011: 14 cases in MN, WI

• Incubation period: 1-4 weeks. Fever, headache, mental status changes, 
cerebellar symptoms, hemiplegia.
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Birge & Sonnesyn. Emerg 
Infect Dis October 2012
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Ornithodoros sp.
CDC Public Library



Relapsing fever



Dengue fever or Chikungunya in Utah? 
Leukemia? How about Colorado tick fever?1

• Colorado tick fever virus, a Coltivirus, infects 
RBCs. Transmitted by Dermacenter andersoni, 
Rocky Mountain wood tick.

• March-September. Most cases in June.

• Incubation period: ~3-6 days [up to 20 days].

• Most cases in Colorado, Idaho. Rocky Mountain 
region, 4000-10,000 feet elevation.
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Dengue fever or Chikungunya in Utah? 
Leukemia? How about Colorado tick fever?2

• Two-staged febrile illness: Ill for ~3 days. Well for 
a few days, ill for another 1-3 days.

• Fever, chills, headaches, retrobulbar pain, 
photophobia, myalgias, malaise, abdominal pain, 
hepatosplenomegaly, nausea, vomiting, exanthem.

• Thrombocytopenia, leukopenia, aseptic meningitis, 
encephalitis, hemorrhagic fever.
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Lower extremity weakness: Tick paralysis

• Rare, reversible. Usually: Unnoticed tick in hair [females].

• Most cases described in Australia [Ixodes holyclus]. North 
America: Dermacenter andersoni, D. variabilis. 
Neurotoxin, salivary glands.

• Acute, symmetric, ascending flaccid paralysis [hours-to-
days].

• Prodrome: Restlessness, irritability, fatigue, myalgias. 
Fever usually absent.
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Chagnon SL et al. Neurology 
2014;82:e92-e93.
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Fillmore, Utah
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Tularemia: Distinct clinical syndromes

• Ulceroglandular: Tick or deer fly bite

• Glandular: Lymphadenopathy

• Oropharyngeal: Consumption of undercooked meats

• Typhoidal: Generalized systemic illness

• Pneumonic: Pneumonia. Inhalation

• Oculoglandular: Splash to eyes of contaminated 
secretions or blood.
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Plague in domestic cats, Idaho, 20162

• Cats are highly susceptible to plague illness. 10% 
have pneumonic plague.

• Can transmit plague to human via exposure to 
respiratory secretions and infectious body fluids 
[bites or scratches]. Fleas carried inside.

• During 1996-2012: 43% of all primary pneumonic 
cases of human plague in US had contact with 
domestic cat.
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Kassem AM et al. MMWR 
2016;65:1378-1379
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McElroy KM et al. Trends 
Parasitol 2010;26:197-204

Plague
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McElroy KM et al. Trends 
Parasitol 2010;26:197-204

Bartonella henselae
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Rosenberg R et al. MMWR 

2018;67:496-501. [Public Domain]

National Notifiable Diseases Surveillance System: 16 notifiable vector-borne diseases, 2004-2016. 
642,602 cases reported. Cases doubled 2004 to 2016: >22,000 to >48,000.
~82% of all tickborne diseases in US: Lyme disease
Mosquitoborne epidemics: Dengue, chikungunya, and Zika. PR, AS, and USVI. 
West Nile virus is endemic.



 Dengue: Hemorrhagic complications

 Chikungunya: Severe arthralgias, arthritis

 Zika virus: Fetal brain and neurological 
abnormalities

 West Nile virus: CNS involvement. Poliomyelitis-
like manifestations

 Arboviruses [La Crosse, Eastern equine 

encephalitis et al]: CNS involvement

Mosquito-borne pathogens



Surveillance for West Nile Virus Disease: United States, 2009–2018
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McDonald E et al. MMWR 2021;70[SS 
No. 1]:5 March 2021



Neuroinvasive arboviral disease in children: US, 2003-2012

• 1217 cases, 22 deaths

• La Crosse virus: 665 cases [55%]

22 times higher in children. Median age; 7 years. Most 
disease July-September.

Most disease: Encephalitis [78%], 20% meningitis, 2% 
acute flaccid paralysis.

• West Nile virus: 505 cases [41%]

• Eastern equine encephalitis virus: 30 cases [2%], 10 
deaths.
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Gaensbauer JT et al. Pediatrics 
2014;134:e642-e650
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Aedes aegyptiCDC.gov
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Aedes albopictusCDC.gov
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CDC.Gov [public domain]



NASA [public domain]



Zika virus: the “new” dengue virus?

• Zika virus [Flaviviridae] is an emerging arbovirus. Spread by 
Aedes mosquitoes.

• First discovered in Uganda, 1947. Reaching South America, 
2014. Mexico, November 2015. Puerto Rico, December 2015, 
Florida & Hawaii 2016. 

• Dengue-like febrile illness. Fever, chills, arthralgias, 
maculopapular exanthem. 

• Perinatal infections well-documented.

• Recent associations with GBS [Polynesia] and microcephaly 
[Brazil].
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Fever and a rash: What do I have?
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• 17 year-old male is admitted to Riley Hospital for Children on 
July 17, 2019 with a 1-week history of fevers, headache, 
abdominal pain, and night sweats. He is also having some 
loose stools and shortness of breath. Rash.

• WBC is 3600. Hemoglobin: 15.6. Platelets: 69,000. 
Neutrophils: 37%, 2% bands. ALT: 532. AST 704. Total 
bilirubin, 0.6.

• Pertinent history: Spent 1 month in Thailand [June 5-July 5, 
2019]. Outside of Bangkok [visiting relatives in a refugee 
camp]. Parents are Burmese. He was born in Thailand. Been in 
US ~years. Brother and sister with similar symptoms & labs.
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Fever and a rash: Part 2
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• 14 year-old male is admitted to Riley Hospital for Children on 
July 18, 2019. He is the brother of the prior patient.

• Same flight back home. Sick on the plane, fever 104. Sore throat, 
cough.

• Day of admission: Abdominal pain, listlessness, fevers. 
• WBC is 2700. Hemoglobin: 11.9. Platelets: 152,000. ALT: 182. AST 

211. Total bilirubin, 0.5.
• Pertinent history: Spent 1 month in Thailand [June 5-July 5, 2019]. 

Outside of Bangkok [visiting relatives in a refugee camp]. Parents 
are Burmese. He was born in Thailand. Been in US ~15 years.

• Ate local food. No insect repellent. No vaccines.
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• Studies for hepatitis E, 
Epstein Barr, malaria, murine 
typhus, and leptospirosis: 
Negative

• Patient 1: Dengue IgG, 
13.51. Dengue IgM, 4.30

• Patient 2: Dengue IgM, 
10.0. Dengue IgG, negative.



Regional variations of disease3

• Dermatologic: Latin America
• Diarrheal disorders: Middle East & North Africa
• Systemic febrile illnesses: Sub-Saharan Africa 
& Asia

Asia:
Enteric fever: 19%
Dengue fever: 17%
Malaria: 9%
Africa:
Malaria: 64% 

[P. falciparum, 56%]

Hagman S et al. 

Pediatrics 

2010;125:e1072-
e1080



 Prospective hospital-based study. Bangkok Hospital 
for Tropical Diseases, 2013-2015. 397 adults.

 Etiologies of acute undifferentiated fevers: 271 
[68.3%]. Most common causes:

Dengue: 157 [39.6%]

Murine typhus: 20 [5.0%]

Leptospirosis: 16 [4.0%]

Influenza: 14 [3.5%]

Bacteremia: 6 [1.5%]

Concurrent infections, ≥2 pathogens: 37 [9.3%]. 
Mostly dengue plus.

Acute undifferentiated febrile illness, Thailand

Luvira V et al. Am J Trop Med Hyg 
2019;100:622-629
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CDC. MMWR 2021;70[SS-2];19 
March 2021
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Mace KE et al. MMWR 2021;70 
[Surveillance Sum];1-35

• Among US residents with malaria: 93% did not take chemoprophylaxis or adhere to CDC-
recommended regimen.

• 71.7% did not take chemoprophylaxis.
• Those taking chemoprophylaxis: 57.3% missing doses. 
• Prematurely stopping after leaving endemic region: 30.7%
• Forgetting to take medication: 28%
• Stopping because of side effect: 12%
• Did not need to take: 12%





 DEET [N,N-diethyl-m-toluamide] and picaridin are 
the most protective compounds. DEET [5-100%], 

picaridin [5-20%].

 Higher concentrations provide longer protection. 

DEET: No greater efficacy >50%.

 Duration of protection: 12 seconds-12 hours.

 Long-acting polymers or liposomal DEET 

preparations [Sawyer Ultra 30® Liposome Controlled 
Release, 3M Ultrathon®] 30-34%: Protection, 11-12 

hours.

Insect repellents: The basics1



Insect repellents: Which is best?

 DEET 20-50%: Protection lasting 6-13 hours. Reapply 
every 6-8 hours for maximal protection. Children >2 
months old.

 DEET, extended release, ~33%: Protects against ticks 
~12 hours.

 Picaridin [20% = DEET 20%]: Protection ~5 hours. 
Reapply every 4-6 hours.

 PMD, 30%: Protection for 4-6 hours. Children >3 years 
old.

 Ethyl butylacetylaminopropionate [IR3535]: not as 
effective against Anopheles.

Alpern JD et al. Med Clin N 
Am 2016;100:303-316



Natural insect repellents

• Containing citronella, geranium, peppermint and 
soybean oil.

• Safe, but are they effective?

• “Protection” is of a shorter duration

• Their use may be “reasonable” for use around the 
house where risk of bite resulting in disease is low.



DEET [N, N-diethyl-m-toluamide] products are 
safe in children if applied correctly.

Products >50% are not necessary.

Do not spray directly on child. 

Only application of thin “layer” is needed.

Do not apply DEET underneath clothes.

Do not apply DEET on hands of young 
children, around eyes and mouth.

Insect repellents and children



Selecting and using insect repellents appropriately1

• Repellents are safe for children if applied appropriately.

• Permethrin for clothes and garments. DEET and picaridin for 
exposed skin only [not underneath clothing].

• Avoid pressurized cans. Thin application of lotions.

• Do not apply around eyes, mouths, on children’s hands.

• Do not apply direct on children’s skin. Use your hands to 
apply.

• Wash your hands after you apply the repellent. 

• Keep repellents away from younger children.



Selecting and using insect repellents appropriately2

• Do not apply repellents to children ≤2 months of 
age. Use mosquito netting.

• Do not apply repellents on cuts and open wounds.

• Avoid sunscreen-insect repellents combination 
products.

• Products containing DEET concentrations 20-30% 
products are effective for travel to tropical countries 
or other regions endemic with vector-borne diseases.



•Avoid tick-infested areas 

• Inspection after returning from outdoors

•Use of protective clothing

• Insect repellents: DEET, picaridin, 
permethrin

•Careful removal of ticks
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Insect-borne pathogens, travel: Prevention

 Malaria: Bite-prevention, chemoprophylaxis

 Yellow fever: Vaccine, bite-prevention

 Japanese encephalitis virus: Vaccine, bite-prevention

 Dengue fever: Bite-prevention

 Chikungunya virus: Bite-prevention

 Zika virus: Bite-prevention, travel avoidance

 Rickettsial infections: Bite prevention

 Tick-borne encephalitis virus: Vaccine, bite-prevention

 Chaga’s disease: Bite-prevention

 African trypanosomiasis: Bite-prevention



Quick reference: Insect repellents & duration of 
protection

• DEET <10%: 1-3 hours

• DEET 10%-30%: 4-6 hours

• DEET 20%-33%, extended duration: 6-12 hours

• Citronella oil 5%-15%: 20-30 minutes

• Lemon eucalyptus oil 10%-30%: 2-5 hours [not proven to be 
effective against ticks]

• Picaridin 7%: 3-4 hours

• Picaridin 15%: 6-8 hours

• Permethrin 0.5%: Several washings.

Katz TM et al. J Am Acad Dermatol 
2008;58:865-871
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