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About Lyme Disease Association, Inc.
C National non profit 501(c)(3), volunteer run, 28 yrs. of service

C Mission: raise $$ research, education, prevention, support, 97% to programs

C Awarded 115 research grants, LDA-research 50 journal publications ey

eeeeee

C Endowed Columbia Lyme & TBD Research Center w/ then TFL e

C Partner w/ Environmental Protection Agency PESP Program (tick avoidance)

C 13 years in Combined Federal Campaign (CFC)

C Partners with 40+ US Lyme organizations: LDAnet umbrella
C LDA President Testified before:

A House Foreign Relations Committee, Global Health/Human Rights Subcom.
A Energy & Commerce Health Subcommittee

C Briefed Senate Aging Committee 2019

www.LymeDiseaseAssociation.org Newly updated website



http://www.lymediseaseassociation.org/
http://lymediseaseassociation.org/Donations.html#CFC
http://www2.guidestar.org/ReportNonProfit.aspx?ein=22-3123551

LDA Funding Projects in Various Stages

Columbia University, Christine Ann Denny, PhD

A ldentifying the neural ensembles mediating cognitive
abnormalities following Borrelia burgdorferi infection

University of Washington, Effie E. Bastounis, PhD

A Biochemical alterations of endothelial cells infected with
Borrelia burgdorferi

Northeast Wildlife DNA Laboratory;Pike County Comm.(PA)
Nicole Chinnici, Lab Director

A Pike County Tick -Borne Disease Base Line Study
Rutgers University, NJ Medical School, S. Schutzer, MD
A Sequencing Project Borrelia & other TBDs
Shenandoah University School of Pharmacy - Lyon, PhD
A Genetic variations & chronic Lyme
Columbia Lyme & TBD Research Center

A Various projects (&)



Lyme Disease Association, Inc.
Rgsearch, education, preveition & patient support

~.LDA: 28 years of patients helping patients!

T S
About Lyme Dr. Referral Govt. Resources Grants News Events Blog Donate

2019 LDA Conference

REGISTER NOW!

.

Lyme Disease Association Inc. 20th Annual
Lyme/TBD Scientific CME Conference
September 21-22, 2019 Philadelphia, PA

" Designed for physicians &

[ researchers. open to the public
*Brian A Fallon, MD

Columbia Vagelos College

of Physicians & Surgeons.

Conference Director

General Information
Registration Page
Scholarship Info

LDA 20" Annual CME Conference

Lyme & Other Tick -Borne Diseases:
20" Annual Scientific Update

Jointly sponsored by Columbia University

Phil adel phia Hilton Pennods Land
September 21, 22, 2019




LymeAid 4 Kids Grant Program
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A.ymeAid 4 Kids (LA4K) fund began in 2003 it
Adas helped children all over the U.S. =
MDeveloped with help of author Amy Tan
A-or children who do not have/receive
insurance coverage

5345,400 to date provided by LDA

www.LymeDiseaseAssociation.org




Lyme Disease

Association Materials

Rescarch. Education,

ption, & Patient support
Lyme Discase
Association, Inc.

1O, Box 1438
Jackson. NJ 08527
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LYME DISEASEASSOCIATION (LDA)
US.LYME DISEASE REPORTED CASES 1990-2015*

Click states o view history
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ne Disease Is No Fun:

s Gl Wl

Written especially for children
8-12 years old who have Lyme disease.

ediled by

Lyme Disease Association, Ine.

Now available as a free ebook

LYME DISEASE ASSOCIATION'S

Preface by
Amy Tan
NY Times Bestselling Author

)



http://lymediseaseassociation.org/Lyme_Disease_i1537387.html?catId=70357

TICKles:Tick Learning & Education for Schools

O LDA Collaborator with (UMDNJ)/Rutgers University
O Created prevention video
O TickLES (Tick Learning and Education for Schools) grades 4-8
O Video will enable children to T

O understand what a tick is /'Q V@

O recognize a tick attachment (bite)
O learn what to do if bitten,
O learn the symptoms of Lyme

O learn prevention measures

O Video game, Tick Tackler,* will engage children in Iearnlng
about ticks

O Under the auspices of EPA grant
O UMDNJ compiled expert team to develop material & make it kid friendly

O LDA was a collaborator on the project & hosting the video & game on its
website, free to all

Neither LDA nor the game is affiliated with the company "Tick Tackler LLC" and
WWW.LymeDlseaSGASSOCIatIOH.Ol’g does not endorse it, its product or its services in any way.




LYME DISEASE ASSOCIATION (LDA)
U.S. LYME DISEASE REPORTED CASES 1990-2017%*
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= Lyme disease case definition was changed in 2008. In addition to N Notnodfable

"Confirmed" cases, the “Probable” category was reported out for

the first time. Cases for 2008 forward are the CDC “Total” reported
cases (confirmed plus probable). In 201 1, CDC changed case definition
to include positive CSF antibody tests.

p Source: Data compiled from CDC pub. data MMWR/DVBD) Note: CDC has stated, and confirmed in 2013, that only 10% of Lyme disease cases meeting the
‘.} ©2018 Lyme Disease Association, Inc. surveillance definition are reported —for example, if 30,000 cases are reported, 300,000 cases occurred
¥ www.LymeDiseaseAssociation.org (number does not include all the cases falling outside the stringent surveillance case definition).
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Mew Jersey (MJ)

2017 5,082
2016 4,350
2013 4,855
2014 3,256
2013 3,786
2012 3,576
20m 4262
2010 3712
2008 4873
2005 3,485
2007 3134
2006 2432
2003 3,353
2004 2,698
2003 2. 887
2002 2,349
2001 2,020
2000 2,459
1999 1,719
1995 191
1997 2,041
1996 2,190
1995 1,703
1994 1,533
1993 786
1982 635
1991 915
1990 1,074
TOTAL 77,258

Close
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Lyme Disease Association, Inc., Copyright 2007-20138 - All Righ

U NJ1990-2017 77,259 reported cases in NJ
U 772,590 actual cases per CDC underreporting



Lyme Disease Association Lyme Disease Analysis
2017 US Reported Lyme Disease Cases Featuring Top 15 States

Delaware 608 (1.4%)
West Virginia 648 (1.5%)
North Carolina 295 (0.7%) H Pennsylvania
Rhode Island 1132 (2.6%) -Remaining States + DC
‘ 2673 (6.3%) M New York
Vermont 1092 (2.6%) ‘ B New Jersey
New Hampshire ; L .
1381 (3.2%) i Wisconsin

Pennsylvania 11,900
(27.8%)

M Minnesota

M Connecticut

M Maryland

M Maine

M Virginia

M New Hampshire
W Vermont

M Rhode Island

M West Virginia

M Delaware

M North Carolina

M Remaining States + DC

U.S. TOTAL CASES 2017: 42,743
Source data compiled from CDC pub. data (DVBD)

Notel: CDC adopted a change in case definition in 2008. In addition to “Confirmed” cases, the “Probable” category was reported out for the first time

Note2 : CDC has stated, and confirmed in 2013, that only 10% of Lyme disease cases meeting the surveillance definition are reported - for example, if 30,000 cases are reported,
300,000 cases occurred (number does not include all the cases falling outside the stringent surveillance case definition).

Note3: In 2016, MA changed reporting requirements and very few MA cases are now counted by CDC

*In recent years, an increasing number of NY Counties have used estimating to determine Lyme case numbers. The Council of State & Territorial Epidemiologists, in charge of surveillance, doesn't permit
estimation to be reported by CDC in the national counts. In 2017, NY State reported it had 9,803 Lyme cases including those 27 estimated county numbers. CDC reported 5,155 Lyme cases for NY
state, which excluded the 27 counties estimated numbers.

© 2018 Lyme Disease Association, Inc. (LDA), PO Box 1438, Jackson, NJ 08527 (888) 366-6611 www.LymeDiseaseAssociation.org



Highest Case # by Age % Children & Adults 2001-2010
5-9, 10-14 (2001-2010)

CDC Lyme Disease Case Numbers
2001 to 2010
Children at Highest Risk

Children {0-19yr),
64,832, 30%

Aduits (20yre),
151273, 70%

Age Group O -4 Years

2001-2017 5-9, 10-14 50-54, 55-59

Photos: Pat Smith © LDA calculated the percent of children vs. adults



Born & Unborn Affected by Lyme

A Pregnant woman can transmit Lyme to fetus through placenta

A Transplacental transmission
A Can cause birth defects & death of fetus

\

y

Borrelia in fetal brain
Photo by: Alan MacDonald, MD
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Lyme Disease Spread: Worldwide
Found in more than 80 countries

www.LymeDiseaseAssociation.org



Current Distribution of Ixodes ricinus in Europe as per Vector Net Project

@c& *efsam Ixodes ricinus - current known distribution: June 2018
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lceman Otzi
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@ South Tyrol Museum of Archaeology/EURACMarco Sarnadelli-Gregor Staschﬂz =Terms of Us

A Iceman - preserved~ 5,300 years inice -may have died 3239 -3105 BCE

A Austrian authorities found 1991, later found to have been in Italy --returned
A 40+ list of complaints from scientific study
U oPerhaps most surprising, researcher

bacteria known as  Borrelia burgdorferi in his DNARA making the Iceman
the earliest known human infected by the bug that causes Lyme
di sealse. 0
Used with permission © South Tyrol Museum of Archaeology - www.iceman.it
http://www.paperdroids.com/wp -content/uploads/2012/06/otzil.jpg
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Can We Escape Ticks & TBD?

Ixodes uriae

C Scientists have discovered

; S A .3
A Globally distributed seabird ticks, Ixodes uriae
A Contain four new viruses, closest relatives found in N. Hemisphere

0 infesting colonies of penguins on the sub  -Antarctic Macquarie island

A In Subantarctic - southern hemisphere just north of the Antarctic
Circle which contains the Campbell Islands and Tles Crozet

A Borrelia burgdorferi transmitted by Ixodes ticks which are carried by sea birds
A Found through DNA analysis in ticks on those islands
A King penguins on the files Crozet have antibodies to  B. burgdorferi . 2

1 This research was funded by the Australian Antarctic Division. WENDY PYPER Corporate Communications, AAD
http://www.antarctica.gov.au/about -us/publications/australian  -antarctic -magazine/2006 -2010/issue-16-2009/science /sub -
Antarctic -penguins -infected -with -tick -borne -viruses

2"Encyclopedia of the Antarctic Vol.1" (ed: B. Riffenburg, 2007 p.335), Ticks Tick Borne Dis. 2014 Oct;5(6):939-42. doi: 10.1016/j.ttbdis.2014.07.013. Epub 2014 Aug 20.

First detection of Borrelia burgdorferi sensu lato DNA in king penguins (Aptenodytes patagonicus halli). Schramm F1, Gauthier -Clerc M2, FournierJC3 et al 3 Photo thanks Jame§ "™
Occi PhD (cand.) Seabird tick M,F




Penguin Rookery on Macquarie Island
between New Zealand & Antarctica

Photo thanks Jenny Fraser, MH nurse, Royal Perth Hospital



Australian Snake with Ticks 2019
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ython with 511 ticks Ixodes holocyclus (paralysis tick)' o

Courtesy: Gold Coast and Brisbane Snake Catcher 2019



Moose Studies (Ghost Moose)
C 2001 began 5 year study NH

O Avg. moose: 35,000 ticks --can have 160,000, (50/1in. ?)
O Dermacentor albipictus  (winter or moose tick)

O Ticks suck out so much blood

O Leave moose anemic and emaciated, unable to survive winter.
O Moose rub on trees/ scrape away dark winter coats called "ghost moose"

199271 20% N. H.'"'"s moose:;: s ome hNow r108% r

C University of New Hampshire/3 state study Maine, NH, VT 1
O ME & NH teams recently captured/collared123 moose
O VT plans to capture 60 moose
O NH moose pop. Est 4,000 down from 7,500 in early 2000s
O VT down to 2,200 from high of 5,000 in 2006 (hunting some)
O ME pop. in 2012 76,000 moose, current estimate 60,000 -70,000 (2017)

O Ticks killing 70% of moose calves in ME & NH
2015 75% of moose calves tracked in NH & 60 % in ME died 2
Winter 2016 - 80% collared calves died (Yankee magazine March/April 2017)
2017 50% of moose calves survived western ME (2016 % died)(Kantar: state moose
biologist)

C VT calf mortality rate 40% in 2017, primarily due to winter ticks; 52% 2018 2

Globe Jan. 13, 2017 Brian MacQuarrie  * Portland Press herald 5/16/16 Kathy McCormack 2 Scott Darling VT BDN Outdoors 3«
Photo thanks: Dermacentor Albipictis engorged female adults on dead moose ear, Peter Pekins University of New Hampshire @

OO0



Ear of NJ Black Bear

Partially engorged
female blacklegged ticks
feeding on black bears (NJ)

86 ticks from 17 black bears collected
in Louisiana. 2 had Bb pPwmcC 2-15-13

Female tick turned over,
male mating

James Occi, MA, MS, Rutgers,
Lyme Disease Association Scientific &
Professional Advisory Board Member
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uspa Patrolling the

Rio Grande
for stray nticky
livestock, exotic
livestock and deer.

trays are capturec
nscratched for ticks,
treated, and returned
to Mexican owners for
the cost of feed.




ANIMAL HEALTH COMMISSION
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Cattle are inspected, then
run thru spray boxes or
submerged In dipping vats
charged with Co-Ral




Fever Ticks Infecting Cattle at Border
O Ticks
O Cattle tick- Rhipicephalus annulatus (formerly Boophilus)

~

O Southern cattle tick- Rhipicephalus microplus

O Transmit parasite that causes Babesia bovis or Babesia bigemina TAHC

O Symptoms
O Destroy red blood cells
O Can result in death for up to 90% of susceptible naive cattle

O Results
O According to Texas Animal Health Commission

O 2,655 premises, totaling 950,500 acres, under quarantine in Texas due to fever ticks

O Ranchers along the U.S.-Mexico border say the disease they carry has devastated
their operations. Some have let ranches idle, cost prohibitive to run cattle

O Portions of eight South Texas counties have established fever tick quarantines. The
counties include, Cameron, Live Oak, Kinney, Maverick, Starr, Webb, Willacy, Zapata

O Treatment

O no cure or vaccine
https://www.drovers.com/article/usmexiceborderranchesstrickenfever-ticks5-2-19



https://www.drovers.com/article/us-mexico-border-ranches-stricken-fever-ticks

i Dogs, Cats & Lyme
O Dogs act as sentinels of Lyme disease

often diagnosed with Lyme before people/50% more likely
tend to roll in leaves, run unchecked into tick habitats
can bring unattached ticks into home
IDEXX Ref. Labs database 6 -13-15 thru 1-17-17 retrospective
study in Bb & Ehrlichia areas, 846,626 canine chemistry/urinalysis

O statistically significant association between tick -borne disease and CKD

O had 43% > risk of developing kidney disease when Borrelia antibodies were present;

O 300% > risk of developing kidney disease when Ehrlichia antibodies were present

O Other dog tick -borne Diseases
O Ehrlichiosis& anaplasmosis

O There is a vaccine for dogs

O 2sidessgi ve to dogs or not M. Littman et a

Ooln the Banfield study of 1.2 million vacci
(monovalent bacterin), when used alone, produced more postvaccinal adverse
events within 3 days than any other canine

O Cats get less Lyme, can also get  ehrlichiosis & anaplasmosis
O can bring in unattached ticks

O 2017 published in Jones, EH et al, Zoonoses & Public Health
O 2727 households in CT, MD, NY

o OO0OO0

O 50% owned dog, cat or both; 88% used pet tick control
O 31% of households with pets found tick on a human  -- 1.83x the risk; E
O 1.49x risk of finding ticks attached to humans Photo: Pat Smith © Q\%



Canine Lyme Disease 2017 / Companion Animal Parasite Council

STATE
TESTED POSITIVE POSITIVE

Pennsylvania 340,409 47,678 14.01

New Jersey 165,589 17,201 10.30 1/10
New York 346,281 38,266 11.05 1/10
Wisconsin 172,288 14,813 8.6 1/12
Minnesota 144,128 12,175 8.45 1/12 DELEL LDl
Repres_er_mts.< 30%
Maryland 183,936 12,726 6.92 1/15 et
geogra_lphlc
Connecticut 143,986 23,566 16.37 1/7 region
Maine 89,545 12,674 14.15 1/8
Virginia 290,577 22,786 7.84 1/13
Rhode Island 23,279 2,981 12.81 1/8
New Hampshire 10,754 1,415 13.16 1/8
Vermont 34,422 5,000 14.53 1/7
Delaware 31,247 1,715 5.49 1/19
West Virginia 37,381 3,094 8.28 1/13
North Carolina 271,909 6,237 2.29 1/44 ()
https://www.capcvet.org/maps/#2018/all/lyme -disease/dog/united -states/ @



Love Those Oposums!

Rick Osfelt-Carey Institute, NY: Opossum can kill about 5,000 ticks a season
More than 90% of ticks picked up by it are swallowed and killed




Significant Players in Lyme

C Harbor diseases: Reservoir hosts

A East
o White-footed mouse >

Vole

Chipmunk

Eastern gray squirrel
Shrew

o O O O o

Other small mammals

0 Some birds (e.qg., robin)

A West Coast
o Western gray squirrel =T
0 Wood rat

0 American robins, dark-eyed juncos, golden-crowned sparrows
A South

o Cotton mouse

o Cotton rat

o Lizards

C Transport & meal: Deer?!

A Female tick often feeds last on deer, mates:

0 Hudson Valley, NY attached/un from white-tailed deer
0 Study: None attached (148) on deer had Bb, 2.4/7.3% in 2 counties

o had Bb, mechanism in deer may clear Bb from attached ticksd compared to ticks
on vegetation 1Med Vet Entomol. 2017 Mar;31(1):1-5. doi: 10.1111/mve.12191. Epub 2016 Oct 4.Impact of

white-tailed deer on the spread of Borrelia burgdorferi.Roome Al,2, Hill L1,2,3, Al-Feghali V1,4 et al

C Vectors: Ticks

A Transmit disease

Mouse Photo Thanks:J.Occi, PhD (cand.) Rutgers;  Western gray squirrel, John C. Avise, UCI ; Deer, Pat Smith



How Do Ticks Get on Us?

C Hard-bodied ticks
A Deer & American Dog

o ticks climb small plants, grass
0 Questing: animals brush grass, tick latches on
0 Passive feeder

A Lone star ticks will run after you

0 Active feeder

A If you have contact with leaves/ground cover, ticks climb up
on you

A Pets carry them to people
C Soft-bodied ticks
A Ornithodoros ticks

o Hide in animal burrows

o Found in old cabins

Photos: James Occi, PhD (cand.) LDA Professional Advisory Board Matt Pound USDA Agricultural Research Service, Wikimedia Nz



How a Tick Feeds

| Secretes something to numb you

Cuts you open (chelicera)

Sticks hollow straw -like
I barbed hypostome in you

| Secrets glue -like substance

thinners & immune regulators
into you

During feeding, organisms in
tick flow inside you

Photo courtesy of the late Manfred Bayer, MD



Tick Attachment Time & Lyme Transmission

C Longer a tick attachment, greater the risk of infection

A Why days of attachment used as necessary for transmission

A Generally Lyme bacteria (Borrelia burgdorferi) in tick midgut
A Some say takes ~24-48+ hours to migrate to salivary glands
0 This is why some say 24-48 hours tick attachment necessary

o Not always true! 12
A Sometimes, bacteria already systemic & in salivary glands at time of attachment

Afithe possibility that transmission of
24 hours of nymphal attachment under unusual circumstances should not be
di scountedéParti al -attachtoald resuli frork detachrbente t
from dead animals or possibly by host

C Other TBDs can be transmitted in very short time period (e.g. Powassan)

1Eisen L (CDC) Pathogen transmission in relation to duration of attachment by Ixodes scapularis ticks. Ticks & Tick Borne
Dis. 2018 Mar;9(3):535-542. doi: 10.1016/j.ttbdis.2018.01.002. Epub 2018 Jan 31.

2 Cook M. Lyme borreliosis: a review of data on transmission time after tick attachment Int J Gen Med. 2015; 8: 1 o}
Published online 2014 Dec 19. doi: 10.2147/1JGM.S73791 H

Photo thanks: the late Ed Masters, MD, Missouri
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Proper Tick Removal

Do not
A put anything on tick §
A burn the tick
A touch the tick with fingers
A squeeze the tick

Do use pointed tweezers?*, *aidpamisitek t 0
removal tool)

A pull straight out, do not twist or squeeze

Clean skin area with antiseptic afterwards

You can save the tick for testing at testing labs*/ doc

A save preferably live in Ziploc bag with moist cotton ball

A for testing labs, call health department, or see
www.LymeDiseaseAssociation.org

Call your doctor
Stick tick in tape for permanent disposal

C
~


http://www.lymediseaseassociation.org/

Lyme Rashes

by: Ed Masters

{8n by: Ed Masters

C Not everybody gets one!
C Can |l ook differentl! than classic bull s eye
C Can be on other places on your body than the bite site (disseminated disease)

4] 63 83.
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searc |tute yme Dlseas esearch Lal orafory 13 Char

1Fow§t30iD Me&43%n9]8 8 llins J, et al. Update on Lyme carditis, groups at high risk, and frequency of associated sudden cardiac deathd United States.
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Typical & Atypical Images of the Lyme Rash (erythema migrans)

' Y4
Acrodermatitis Atrophicans (B. afzelli)

Photos courtesy of the Lyme & Tick Borne Diseases Research Center at Columbia University and Brian Fallon, MD, John
Aucott, MD, Steven Schutzer, MD, Elisabeth Aberer, MD and Andrea Gaito, MD. www.columbig-lyme.org
Poster creation supported by Grant from the Lyme Disease Association, Inc.  http://www LymeDiseaseAssociation.org

Columbia University
Rash Poster

Can download
from LDA website

Borrelia burgdorferi
Courtesy Dave Dorward, PhD




Lyme Disease Tick Map 2015

Ixodes pacificus (green & yellow map) Ixodes scapularis (red & blue map)
B
’ .
2015 (574 i, : 2015
|. Pacificus £ TR |. Scapularis
3.6% of counties L 7’ 3 AN 45.7% of counties
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2015 Total 49.3% of counties/43 states

Photo thanks B. Lane, J. Occi Eisen: Journal of Medical Entomology 2016



Deer Tick Ixodes Scapularis

Transmits

Borrelia burgdorferi (Lyme)

. : Borrelia mayonii (Lyme)
‘Fed female deer tick

‘;{' v Borrelia miyamotoi (Lyme-like)

anaplasmosis
babesiosis
bartonellosis
ehrlichiosis

Powassan virus

Unfed female deer tick | tick paralysis (toxin-tick removal)

tularemia

Photo thanks: Female Deer tick, James L. Occi, MS, MA LDA Professional Advisory Board



Deer Tick Laying Eggs (Ovipositing)

Photo:James L. Occi, MA, MS/ LDA Professional Advisory Board



Deer Tick Stages
eggs, larvae, nymph, adult

Photo thanks: Female Deer tick, James L. Occi, MS, MA LDA Professional Advisory Board



Deer Ticks & Poppy Seeds

Photo thanks: Female Deer tick, James L. Occi, MS, MA LDA Professional Advisory Board



American Dog Tick & Deer Ticks
Size difference on paper clip

Photo Thanks James Occi, MS, MA LDA Professional Advisory Board




Western blacklegged tick Ixodes pacificus

Transmits

B. burgdorferi

B. miyamotoi
A.phagocytophilum

UC Berkeley Sci. Photo Lab (Source: R. Lane)




Co-Infections: What Does That Mean?

O One tick bite can cause > one disease
O Co-Infection
O Deer ticks carry/transmit
O Borrelia burgdorferi or Borrelia mayonii (Lyme)

OBabesia

O Aanaplasma )

O Ehrlichia ,\! W

O Bartonella \K&
O Tularemia a’g

O Borrelia miyamotoi
O Powassan virus
Otick paralysis toxin

O Other tick-borne diseases
O May have similar symptoms as Lyme disease
O May have different treatments

Photo thanks to James L. Occi, PhD (cand.) LDA Advisory Boarfemale deer tick through stages of engorgement



| Disease Ticks Region Test  Treatmt  Notes
Lyme Ixodes scapulans NE,S, MidW  Yes Yes B_burgdorferi
B.mayonii (cur.
Lyme test)
Lyme Ixodes pacificus W. Coast stat. Yes Yes B_burgdorferi
Babesiosis Ixodes scapulans Thru US Yes Yes Blood transfusion
Ixodes pacificus
Anaplasmosis Ixodes scapulans Many areas of Yes Yes
Ixodes pacificus us
Ehrlichiosis Ixodes scapulans Yes Yes
Amblyomma americanum
Bartonellosis™ Ixodes scapulans Thru US Yes  Yes CDC:not yet + on
Ixodes pacificus tick transmission
Borrelia miyamotol  Ixodes scapulans NE, Mat, Yes Yes Related to
Ixodes pacificus UMid relapsing fever
Tularemia Ixodes scapulans 7?7 Yes GDC: No Rapid
Amblyomma americanum dx tests
Dermacentor vanabilis Contaminated
Dermacentor andersoni dust, H20 bioterro
Powassan Ixodes scapulans N/SEMat MW Yes No Transm minutes
Tick paralysis Ixodes scapulans | No  Yes Remove fick
Dermacentor varabilis
Amblyomma americanum
Colorado tick fever Dermacentor andersoni  Far West Yes No
Dermacentor variabilis
Q fever Amblyomma americanum Yes  Yes
Dermacentor andersani
Rickettsia parkerr ~ Amblyomma maculatum  Gulf coast ?7  Yes Rickettsial tests
Rickettsia 364D Dermacentor occidentalis ~ California ? Yes CDC-RMSF test
(philipi)
Rocky Mt. SF Dermacentor andersomt Much of US  Yes Yes Hi fatality rate
Dermacentor vanabilis Amblyomma am
Heartland virus Amblyomma amernicanum 10 MWto Sst No No 40 cases fo date
Bourbon virus Amblyomma amenicanum KS,0OK, MO  No No ~6 cases
STARI Amblyomma amernicanum NE,SE, MdW No  Yes No known cause
Alpha-gal allergy ~ Amblyomma americanum E, scattered  Yes ? No red
elsewhere meat/products
Tick-Borne Ormithodorus Western US,  Yes Yes Also louse-borne
relapsing fever >altitudes

20 US tick-borne
diseases/conditions




Deer tick Ixodes scapularis

C One tick bite can transmit more than one disease
ADeer ticks transmit

ABorrelia burgdorferi or Borrelia mayonii--Lyme
ABabesia
AAanaplasma
AEhrlichia
ATularemia
ABorrelia miyamotoi
APowassan virus
Atick paralysis toxin
ABartonella *

O *tick transmission still under investigation *
Photo thanks to the late Ed Masters, MD




Anaplasmosis & Ehrlichiosis

C Anaplasmosis (HGA), formerly Ehrlichiosis (HGE)
A Carried by the deer tick, western blacklegged tick
A Symptoms
A Onset of anaplasmaosis generally begins within a week of a tick bite

A Often includes fever, severe headaches, malaise, muscle pains, chills, death can
result. More severe symptoms if co  -infected with Lyme, Rashes rare, May include
confusion, hemorrhages, and renal failure

A Tests

A Blood smears, IFA (IgM & 1gG) and PCR. Rec: use >1type of test
A Treatment

A Doxycycline

C Ehrlichiosis
A\ Caused by Ehrlichia chafeensis bacteria
A Transmitted by the lone star tick
Caused by E.ewengii —
A Transmitted by lone star tick
Caused by Ehrlichia muris-like
A Transmitted by deer tick (blacklegged)
Tests
A Blood smears, IFA (Immuno -Fluorescent Assay), PCR for HME
Treatment

A Doxycycline
*
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Babesiosis

) 0O O

One of most common co  -infections w/ Lyme

Can be transmitted through blood supply
FDA finally approved test to screen for

Babesia microti , main species in US to cause

infection 3 -6-18

FDA approved screen test for Babesia
microti , B. duncani , B. Divergans , B.
venatorum 2 -07-19

Deer ticks photo thanks to James Occi, PhD (  cand .)

. 20062013 LIRS
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U5 Food and Drug Administratien www.dda.gov
Frosecting aed Framating Fublic Heslts

Nationwide Prevalence of Babesiosis (CMS)

— 10,301 unigue

diagnoses of 1.%- L
babesiosis Yl

* Cases reported from Lq"'(- ~ I_hh.} :';;.r i_x;ﬁ:._ -

all states and < ATt o
Washington D.C,, 5; 4 Q =
except Wvoming ';2‘{" Y




Engorged Nymphal Amblyomma Tick

9mm

A Found in Dominican Republic
A Tick in amber (fossilized tree resin)
A 15-45 million years old

A Arrows show where tick was
forcibly removed off animal,
Probably a monkey

A Surrounded by erythrocytes

A Contains developing stages of
a piroplasm resembling Babesiidae
family was found preserved
(Babesia )

A Amber was then cracked open &
tissue inside tick was removed

Poinar, G Jr; Fossilized Mammalian Erythrocytes
Associated With a Tick Reveal Ancient Piroplasms
J Med Entomol tjw247; 3/20/17
https://doi.org/10.1093/jme/tjiw247

Photo used with permission from
George Poinar, Jr  Oregon State University



https://doi.org/10.1093/jme/tjw247

Borrelia miyamotoi-Lymelike disease

Spirochete-shaped bacteria closely related to relapsing fever group of
Borrelia

A More distantly related to Borrelia burgdorferi
Transmitted by:

A black | egged t i scapslari¢ ideer
A western blacklegged ticks I. pacificus @
Produces Lyme-like illness

A fever, headaches, muscle aches, chills, joint pain, fatigue, rash uncommon
Study human blood samples 5/13 7 10/14
A 11,515 tested/ 97 + by PCR  Molloy et al 2015

PCR testing, e.g. labs

A Imugen- whole blood PCR (Div. of Oxford Immunotech Inc)
A Mayo Clinic- PCR whole Blood (BMIYB)
A Quest- DNA Real Time PCR
A lgenex
Treatment: doxycycline
A Amoxicillin & ceftriaxone have also been used (CDC)




CDC Powassan Virus Neuroinvasive Disease 2008 -2017
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C Transmission time can be w.i. minutes of bite - [

A Humans fddead endo hosts (tic'ks canot.pl
disease from them) N

C Symptoms o,

A Incubation period 1 week to 1 month after bite A

A Headache, fever, nausea, vomiting, stiff neck & A aay
sleepiness, confusion, tremors, seizures, ‘f' .
paralysis, & possible coma { \ R 4

} ..‘

A Encephalitis & meningitis \ - o
A Death (10% of cases with encephalitis) P il \

wv
A Survivors 50% permanent neurologic problems

A Headaches, muscle wasting, memory problems
C Treatment

A Supportive only available treatment

C Commercial test available as of 2017

Map Source: ArboNET. Arboviral Diseases Branch, Centers for Disease Control and Prevention



Bartonellosis

C Bartonella sp. iliness (bacteria)
A Transmitted by flea, cat scratch, lice

A May be transmitted by Ixodes scapularis (blacklegged or deer tick)

A 2004 study in NJ
A PCR of IS ticks in NJ: Bb 33.6%, Bm 8.4%, Ap 1.9%, Bartonella spp 34.5% 2

A CDC position A Ticks nBayonetdadacterya, batthereis carpeptlg noe s
causal evidence that ticks can transmit Bartonellai nf ect i on t o peopl e tF

A Symptoms

A When present in combination with Lyme, atypical presentations may result including visual
problems, headaches, significant lymph node enlargement, resistant neurological deficits, & new
onset seizure disorder

A Tests

A Diagnosis- acute & convalescent antibody titers (IFA) and/or PCR (some labs can only ID
B.henselae)

A Treatments
A Cefotaxime sodium & ceftriaxome sodium, doxy, azithromycin some of treatments being used

A Note: Ixodes pacificus, western blacklegged ticks, have been found infected with Bartonella

A J Clin Microbiol. 2001 Apr;39(4):1221-6. Molecular evidence of Bartonella spp. in questing adult
Ixodes pacificus ticks in California. Chang CC1, Chomel BB, Kasten RW, Romano V, Tietze N.

1Ticks known to carry Bartonella henselae but transmission still being investigated by researchers. A 2004 PCR analysis of |. Scapularis ticks in New Jersey
discovered that a higher percentage of ticks were infected with B. henselae than any of these other pathogens. In addition, B. henselae has been
detected in the spinal fluid of patients co-infected with Borrelia burgdorferi, the agent of Lyme disease. (Columbia Lyme & TBD Research Center)

2J Clin Microbiol. 2004 Jun;42(6):2799-801. Prevalence of Borrelia burgdorferi, Bartonella spp., Babesia microti, and Anaplasma phagocytophila in Ixodes scapularis ticks collected in Northern New Jersey. Adelson ME, @R¥
et al. Medical Diagnostic Laboratories L.L.C., 133 Gaither Dr., Suite C, Mt. Laurel, NJ 08054, USA. / ﬁ”
{ ]

Photo thanks M.Fried, MD



Lone star tick Amblyomma americanum

D> >y D> >y P>y D> D> D>y D

Transmits
Alpha-gal meat allergy

STARI

Tularemia

(aka Mast
Heartland virus

Tick paralysis (remove tick is cure)
Q fever

Ehrlichiosis

Bourbon virus

Rocky Mountain spotted fever*

*Lone star can carry the organism,  still discussion
if lone star can transmit RMSF - one case report

Photo Thanks James Occi, (PhD (cand.) LDA Professional Advisory Board
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Lone star tick Amblyomma americanum
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Heartland virus no test, no tx

Alpha gal allergy (lone star in US)
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Used with permission from ZeeMaps Screenshot April 23, 2019

Bourbon virus ~6 cases no test, no tx
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STARI (Southern Tick-Associated Rash lliness)

O From bite of Lone Star tick

O Southern Tick-Associated Rash lliness

OAl so know as Master o6s Disease

O Infectious cause unknown

O Formerly thought Borrelia lonestari cause
" _ —_— p l
O Looks and acts like Lyme

O EM-like rash, fatigue, headache, fever,
muscle pain J w
O No test for it

O Same treatment as Lyme

;_

Photo thanks late Ed Masters, MD [‘\ :J!{



Bite of Rocky Mt. wood or lone star tick

C Q fever

A Transmitted by lone star & Rocky Mt. wood ticks
A Caused by Coxiella burnetti bacteria

A Also from inhaling Cb-containing dust

-
my

0 cattle sheep goat reservoirs
A Symptoms

A High fevers up to 105A severe headache, malaise, myalgia, chills and/or sweats, cough,
nausea, vomiting, diarrhea, abdominal pain, chest pain

o May include endocarditis, encephalitis, pneumonia, hepatitis, splenomegaly

A Tests
A IFA titers

A Treatment- 2002-2014 50% of cases required hospitalization
A Doxycycline

A Case Numbers ~ 175 in 2014 (been on rise)




American dog tick Dermacentor variabilis

Transmits

A Rocky Mountain spotted fever
A Tularemia
A Tick paralysis

LDA Note:
Tickisin CO o

ey

(Dermacentor varial;ilis)\f‘lﬁ

ABOUT THIS MAP:  This map i
multi

Photo thanks; James Occi, PhD (cand.) LDA Advisory Board




Rocky Mountain Spotted Fever
C Rocky Mountain spotted fever

A Transmitted by American dog, wood, brown dog ticks

A Unsettled whether lone star can transmit

OoARIi ckettsia rickettsiai Transmi ssi on b

Emerg Infect Dis. 2011 May; 17(5): 8731 875. doi: 10.3201/eid1705.101530 PMCID: PMC3321779 PMID: 21529399
Edward B. Breitschwerdt, corresponding author Barbara C. Hegarty, Ricardo G. Maggi, Paul M. Lantos, Denise M. Aslett,

and Julie M. Bradley

A Caused by Rickettsia rickettsii bacteria

A Symptoms include
A fever
A headache
A myalgia (tenderness/pain in muscles)
A characteristic rash on wrists, ankles, soles, palms
0 Rash may be absent in early disease

A Treatment is doxycycline

A CDC: 5-10% mortality in clinical reviews!
A Dantas-Torres in Lancet 2007 20%

C Increased new SW cases from brown dog tick

Photo thanks Late Ed Masters, MD, Missouri 1https://www.cdc.gov/rmsf/stats/index.html

1



https://www.cdc.gov/rmsf/stats/index.html

American dog tick
Dermacentor variabilis

(L )Adult F & M
F laying eggs
(4,000-6000 eggs are laid)

Larvae, (R), sometimes hatch
infected with RMSF

Photo thanks; James Occi, MS, MA Rutgers, LDA Advisory Board




Brown dog tick Rhipicephalus sanguineus

Transmits
A Rocky Mountain Spotted Fever

Mainly bites dogs
Can bite humans
Infests homes, dog kennels
Can live entire life in house

o J>o T Do

Now transmitting RMSF
to humans in SW

Photo credit;: Centers for Disease Control & Prevention




