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Disclosure information

o I have NO financial relationships with the manufacturers of

any commercial produc

s and/or provider of commercial

services discussed in this educational activity.

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

e [ 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.
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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.
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The problem we all face

e The vectors are here.

e The pathogens are here.

e We are here along with them.
e It is a global problem.

e The number of infections is increasing in Indiana and
worldwide.

* While some infections are no longer seen in Indiana, the
vectors [ mainly mosquitoes] are still here.

e Good news: They are preventable.
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Vector-borne infections: A global problem,

 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.
WHO SCHOOL OF MEDICINE
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Vector-borne infections: A global problem,

« 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,
vellow 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

o (tenocephalides felis [Cat & oppossum flea]
o Xenopsylla cheopis [Rat flea]

o Dermacentor andersoni [Rocky Mountain wood tick] :

o Dermacentor variabilis [Dog tick]
o Rhipicephalus sanguineus [Brown dog tick in SW US, Mexico]
o Pediculus humanus humanus | Human louse]

o [xodes scapularis, Ixodes pacificus
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Distribution of Key Tickborne Diseases,
United States, 2015

- Lyme disease
. Rocky Mountain spotted fever

. Anaplasmosis
. Ehrlichiosis

Babesiosis

- Tularemia
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FIGURE 3. Reported nationally notifiable mosquitoborne,* tickborne, and fleabornet disease cases — U.S. states and territories, 2004-2016
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* Mosguitoborne case counts include both locally transmitted and travel-associated cases. Only 305 arbovirus cases were reported from the territories in 2015,
t A total of 89 fleaborne disease cases (plague) were reported during 2004-2018, ranging from two cases in 2010 to 16 cases in 2015. The cases are not depicted on
the figure.

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 tick-borne diseases in US: Lyme disease

Mosquito-borne epidemics: Dengue, chikungunya, and Zika. PR, AS, and USVI.

est Nile virus is endemic. Rosenberg R et al. MMWR
Riley Hospital for Children 2018,;67:496-501. [Public Domain] SCHOOL OF MEDICINE
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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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FIGURE 1

Reported cases of Lyme disease: United States, 2019. Each dot represents 1 case of Lyme disease and
is placed randomly in the patient’s county of residence. The presence of a dot in a state does not nec-
essarily mean that Lyme disease was acquired in that state. (Reprinted from Centers of Disease Con-
trol and Prevention. Reported Cases of Lyme Disease—United States, 2019. Available at: https://www.
cdc.gov/lyme/datasurveillance/maps-recent.html. Accessed November 22, 2021.)
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Figure 1. Lyme Disease Cases by Year — Indiana, 2014-2018
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Figure 2. Lyme Disease Cases by Month of lliness Onset - Indiana, 2018
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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

Ryan White Center for Pediatric

Infectious Disease and Global Health

I Manifestation Duration [Days]

Doxycycline

Erythema migrans  Amoxicillin or cefuroxime

Meningitis or
radiculopathy

INDIANA UNIVERSITY

SCHOOL OF MEDICINE

axetil

Azithromycin
Doxycycline [oral]
Ceftriaxone

Lantos PM et al. Clin Infect Dis 2020;0nline December 2020
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14

/ [range, 5-10]

14-21

14-21
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] Ryan White Center for Pediatric
Treatment of Lyme disease Infectious Disease and Global Health

I Manifestation Duration [Days]

Cranial nerve palsy Doxycycline [oral]

Doxycycline, amoxicillin
or cefuroxime axetil
Doxycycline, amoxicillin
Arthritis, recurrent  or cefuroxime axetil
or refractory

Arthritis

Ceftriaxone

INDIANA UNIVERSITY Lantos PM et al. Clin Infect Dis 2020;0online December 2020
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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.
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Figure 1—Number of reported cases of spotted fever rickettsiosis —United States,
2000—-2019
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Cases per million

— C—0-2.2 1 2.2-68
68175 . 17 .5+
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Figure 1. Rocky Mountain Spotted Fever Cases by Year — Indiana, 2014-2018
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Figure 2. Rocky Mountain Spotted Fever Cases by Month of lliness Onset - Indiana, 2018
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Dermacentor andersoni
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Rocky Mountain Spotted Fever: Rickettsia
rickettsii

o Vectors: Dermacentor variabifis [American dog tick];
Eastern US.

o D. andersoni[Rocky Mountain wood tick]; Western US.
o Rhipicephalus sanguineus. Mexico; Arizona

o Amblyomma cajennense: Central, South America; Texas
o Amblyomma americanum. Lone Star tick

e Most cases [56%] in: NC, SC, TN, OK, AR

N Q 2
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EHRLICHIOSIS

- Riley Hospital for Children

SPOTTED FEVER RICKETTSIOSIS
(INCLUDING ROCKY MOUNTAIN SPOTTED FEVER)

Source: Tickborne Diseases of the United States: Reference Manual, Centers for Disease Control, 5™ Edition 2018 (link below)
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Human monocytic ehrlichiosis
Ehrlichia chaffeensis
Ehrlichia muris-fike
Ehrlichia canis
Human granulocytic anaplasmosis
Anaplasma phagocytophilum
Ehrlichia ewingii
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Amblyomma americanum
CDC Public Library
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ABOUT THIS MAP: This map shows the extent of established Amblyomma americanum tick populations, commonly known as lone star ticks.
However, tick abundance within this area varies locally. The map does not represent the risk of contracting any specific tickborne illness.
Please consult your local health department or USDA Cooperative Extension office to learn about the risks of tickborne disease in your local
area. Rev. 07/2011.

National Center for Emerging and Zoonotic Infectious Diseases

Division of Vector-Borne Diseases
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ABOUT THIS MAP: This map shows the estimated distribution of Ixodes scapularis tick populations, commonly known as blacklegged or deer ticks.
However, tick abundance within this area varies locally. The map does not represent the risk of contracting any specific tickborne illness. Please
consult your local health department or Cooperative Extension office to learn about the risks of tickborne disease in your local area. 08/2018

National Center for Emerging and Zoonotic Infectious Diseases
Division of Vector-Borne Diseases
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Figure 3 - Annual incidence (per million population) of reported Ehrlichia chaffeensis ehrlichiosis-United States, 2019. (NN=
Not notifiable)
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Figure 1 - Number of reported cases of Ehrlichia chaffeensis ehrlichiosis -United States, 2000-2019
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Figure 1. Ehrlichiosis and Anaplasmosis Cases by Year — Indiana, 2014-2018
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Figure 2. Ehrlichiosis and Anaplasmosis Cases by Month of lliness Onset - Indiana, 2018
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Distribution of EhArlichia chafeensisin Amblyomma americanum ticks in Indiana and Ohio, 1998

Positive (+) IFA ratios of deer blood samples
from Indiana and Ohie counties.

Fiz. 2 Pasitive {+) IFA ratios of deer blood samples from Indiana and Ohio counties.

_ _ _ Irving RP et al. J Med Entomol
Riley Hospital for Children 2000:37:595-600

> Indiana University Health
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Human monocytic ehrlichiosis: Clinical features

Fever

Rash

Myalgia

HSM

High AST,ALT
_ymphopenia
Anemia

100* Tick attachment 82
66 Headache 63
63 Anorexia/nausea 57
41 Heart murmur 33
89 Decreased platelets 82
80 Leukopenia 69
38 * percent

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

ley Hospltal for Children

sity Health

Jacobs RF, Schutze GE. ]
Pediatr 1997;131:184-192
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Anaplasma phagocytophifum [human granulocytotropic
anaplasmosis]

o Ixodes scapularisand I. pacificus. vectors of Lyme
borreliosis and babesiosis.

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

e Incubation period: 5-21 days

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

e Leukopenia, thrombocytopenia, elevated LFTs
o Fatality: <1%
MMWR 2006;55[RR-4]:1-27
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Tularemia: Distinct clinical syndromes

e Ulceroglandular: Tick or deer fly bite

e Glandular: Lymphadenopathy

e Oropharyngeal: Consumption of undercooked meats
e Typhoidal: Generalized systemic illness

e Pneumonic: Pneumonia. Inhalation

e Oculoglandular: Splash to eyes of contaminated
secretions or blood.

) Q
ley Hospltal for Children SCHOOL OF MEDICINE

y Health INDIANA UNIVERSITY

o
5
~N
N
S
R
N



Riley Hospital for Children  SCHOOL OF MEDICINE

Indiana University Health INDIANA UNIVERSITY




Tularemia 2019

1 dot placed randomly within county of residence for each reported case

Riley Hospital for Children CDC SCHOOL OF MEDICINE

Indiana University Health INDIANA UNIVERSITY
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\ Tularemia cases
W A(‘%VF
‘.'..
Cases per 100,000 person-years >
0
- 0.01-1.00 200 100 O 200 Kilometers
B 00
Suty Riley Hospital for Children Eisen RJ et al. Am J Trop Med Hyg SCHOOL OF MEDICINE

Indiana University Health 2008;78:586—594_ INDIANA UNIVERSITY
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UNSUITABLE HABITAT PARTIALLY SUITABLE SUITABLE HABITAT FOR

FOR TICKS HABITAT FOR TICKS B Dry deciduous forest
Other habitat ] Grass/Shrub ] Dry coniferous forest
B Urban Dry mixed forest
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TABLE 1. FREQUENCY OF SELECTED RISK FACTORS FOR PRIMARY PNEUMONIC TULAREMIA

PATIENTE CoMTROLS Opos Ramo
Risk FacTor® PEFSOD ANALYZEDT (MN=10) (M =259 195% CIjt
no. {9
Male sex 10 ¢ 100 41 (41} — (2.9 i ==
Waorked as landscaper 5 (50} RS 220 (4.6t 257
Died b movwer 2 Wk before illness & (RO a0 (30 g3 [1.6 b &0
or brush cutter or control persod
Uned bvm movwer LSummer 10 ¢ 10 45 (48 — (LB o =)
dir brush cutter
Cut brush or mowed Wk before illness Liloy i — (L3 m ==
ower rabbat or controel perod
Waorked with bark |.'|'||]:I:p Wk before illness 230 55 g1 [1.1 tos 5370
or control persod
Warked with weed whacker Summicr El ) 27 (27 6.2 (1.3 o 33.8)
Waorked with lember Summer 770 29 (29 S0 012w 30.3)
Owmed a dog on Martha's & (RO 44 (44 50009 m 36.6)
Vinevard
Smokicd Wk before illness 550} 18 (18 4.5 (1.0 to 20.9)

ar control Fu.-:md

Saw dead rabbig om property Wk before illness 2020y 11l FA(DE o 149
ar eontrel perod

Found ticks crawlmg LSummer & (R0 55 (5a) A2 (006w 23.4)

300 PN

®"All other risk factors {not shown ) were oot signibcantly assocated with promary prcumonic tula-
TEMIEL

fSummer was defimed as the period from May 15 0 the me of interview. The contral penod
refers tor the two weeks before controls were interviewed.

FThe dashes indecare that the odds oo was undefmed. Cl denotes confidence mterval.
Riley Hospi 'L OF MEDICINE

Indiana Universit: IVERSITY

N Engl | Med, Vol. 345, No. 22+ November 29, 2001 - www.nejm.org - 1603
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Mosquito-borne pathogens

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
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Estimated range of Aedes aegypti and Aedes albopictus in the United States, 2016*
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mosquitoes such as Aedes albopictus mosquitoes.

o These maps show CDC's best estimate of the potential range of Aedes aegypti and Aedes albopictus in the United States.

» These maps include areas where mosquitoes are or have been previously found.

e Shaded areas on the maps do not necessarily mean that there are infected mosquitoes in that area.

*Maps have been updated from a variety of sources. These maps represent CDC's best estimate of the potential range of Aedes aegypti and Aedes albopictus in the United

States. Maps are not meant to represent risk for spread of disease. SOURCE: Zika: Vector Surveillance and Control. www.cdc.gov/zika/vector/index.html

CDC.Gov [public domain]
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Surveillance for West Nile Virus Disease: United States, 2009-2018

FIGURE 5. Total number and cumulative incidence® of West Nile virus neuroinvasive disease cases, by state of residence — United States,
2009-2018=
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* Per 100,000 population. Incidence calculated using US. Census Bureau population estimates for July 1, 2014. Cutpoints determined by Jenks natural breaks
classification method, then rounded for ease of display.

McDonald E et al. MMWR 2021;70[SS
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West Nile Virus Transmission Cycle

In nature, West Nile virus cyches between mosquitoes (especially annptdu)mdblrds Some infocted birds, can develop high levels of the vius
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to more birds when they bite.
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Fever and a rash: What do I have?

- 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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« 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 1gG, negative.
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Lyme Disease Awareness Month [MAY]: INDOH, INDNR
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# Tick Hotspots
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Ryan White Center for Pediatric Infectious and Global Health

Prevention Tips

1. It is fine to go outside, but protect yourself.

2. The more clothes you use, better the protection
against bites.

3. 0nce returning inside, check for ticks. Minimize
duration of tick attachment if you can.
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HOW TO REMOVE A TICK

@ D

Grasp the tick as close a5 Pul toram DON'T twist, jerk, 11,
possible 10 the head or crush the tick
Consult your doctor Waavlmmupolomot DON'T use your
of veleriarian for ~ Insect fingemai to try to

rwet Sligrs W'I‘GM' remove the tick

bymvm ticks may be present

THE SAFEST METHOD 15 YO USE TWEEZERS OR A SPECIAL TICK REMOVAL TOOL

Riley Hospital for Children CDC SCHOOL OF MEDICINE

Indiana University Health INDIANA UNIVERSITY

"Ryley
;/12



BONUS!
259, MORE!

THAN B 02 SIZE

Y | ermong®
Fucalypts

N |nsect Repelient j P i
" (O WON'T DRMAGE i SPLASH. SWEAT
- S 1 SPORTING . repl aoes tat oy 7Y RESISTANT ‘
o yof % (@%5 EQUIPMENT { Clean, Fresh Scen WEST NILE VIRUS Sl | DEEPWOODS |

REPELS MOSQUITOES & ol Mosqw*ifﬁ_‘ 3 : (% '
w10 Hours  © 5 Cory WESTNIEVES - Ct H

YO RO f
Mopee  WAR NGRS i Spoﬂgmen |
S mvies——tin Net6 1 a2zl pour o A e s o

D) L]
Riley Hospital for Children [IJ SCHOOL OF MEDICINE

Indiana University Health INDIANA UNIVERSITY




Selecting and using insect repellents appropriately,

e Repellents are safe for children if applied appropriately.

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

e Avoid pressurized cans [air travelers]. Thin application of
otions.

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

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

o Wash your hands after you apply the repellent.

o Keep repellents away from younger children.

| R/ley | R ley Ho p tal for Children SCHOOL OF MEDICINE
T O | y Health INDIANA UNIVERSITY




Selecting and using insect repellents appropriately,

e Do not apply repellents to children <2 months of

age.

Use mosquito netting.

e Do not apply repellents on cuts and open wounds.
e Avoid sunscreen-insect repellents combination

prod

e Prod
prod

UCTS.
Ucts containing DEET concentrations 20-30%

ucts are effective for travel to tropical countries

or other regions endemic with vector-borne diseases.
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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

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

]

~12 hours.
. Picaridin [20% = DEET 20%]: Protection ~5 hours.
e



Natural insect repellents

e Containing citronella, geranium, peppermint and
soybean oil.

e Safe, but are they effective?
e "Protection” is of a shorter duration

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

() 9
ley Hospltal for Children SCHOOL OF MEDICINE

y Health INDIANA UNIVERSITY

Jéﬁ



Quick reference: Insect repellents & duration of
protection

e DEET <10%: 1-3 hours

e DEET 10%-30%: 4-6 hours

e DEET 20%-33%, extended duration: 6-12 hours
e Citronella oil 5%-15%: 20-30 minutes

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

e Picaridin 7%: 3-4 hours
e Picaridin 15%: 6-8 hours
e Permethrin 0.5%: Several washings.

Riley Hospital for Children Katz TM et al. J Am Acad Dermatol SCHOOL OF MEDICINE
Indiana Unive

o0 1 iversity Health 2008;58:865-871 INDIANA UNIVERSITY
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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

o Zika virus: Bite-prevention, travel avoidance

o Rickettsial infections: Bite prevention

 Tick-borne encephalitis virus: Vaccine, bite-prevention
» Chaga’s disease: Bite-prevention

 African trypanosomiasis: Bite-prevention



6/17/2022

Riley Hospital for Children

Indiana University Health

SCHOOL OF MEDICINE

INDIANA UNIVERSITY

81



