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TOPICAL REVIEW
Burden of Tick-borne Infections on American Companion
Animals

Zenda L. Berrada, PhD and Sam R. Telford III, DSc

This review examines the biology of ticks and tick-borne infections in the United States. The most common
tick-borne diseases in dogs and cats are discussed. We demonstrate that there is much interest in tick-borne
infections at the level of the lay public (pet owners), describe trends in the distribution and prevalence of
tick-borne infections in the United States, summarize some issues in understanding the degree of ill health due
to tick-borne infections, and suggest some avenues for research that would clarify these issues.
© 2009 Elsevier Inc. All rights reserved.
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ore pathogens have been associated with ticks than
any other bloodsucking arthropod but mosquitoes.

ompanion animals have always suffered from tick infesta-
ions. As veterinary medicine advances, signs and symptoms
f disease that may have been missed before are now being
etected. In addition, given the current trends of pet owner-
hip and indeed treating companion animals as one of the
amily, there is more interest in the possible effects of tick
nfestation. Burden is an epidemiological concept that is
ased on the combination of prevalence and capacity of an

nfection to impact the health of a group of individuals.
herefore, we review the potential burden of tick-borne in-

ections on companion animals and, in particular, those that
ffect dogs in the United States.

ick Biology

ard ticks (ixodids) are so named because of the hardened
orsal shield or scutum. In female hard ticks, the scutum is on
he anterior third of the body, with the remainder consisting
f pleated, leathery cuticle that allows for tremendous expan-
ion during bloodfeeding. In male hard ticks, which may or
ay not feed at all, the scutum extends the length of the
ody. In contrast, soft ticks have no scutum; their entire body

s leathery. Soft ticks (argasids) are transient feeders and will
nly rarely be found attached. We focus our discussion on
ard ticks because soft ticks rarely achieve great population
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ensities and do not comprise a burden. (The spinose ear tick,
tobius megnini, may occasionally infest individual dogs in

umbers that may cause dermatoses, but these ticks are re-
tricted to small foci in the south-central United States and
re not broadly encountered.) Hard ticks require several days
o complete their bloodmeal; the number of days depends on
he species and stage of the tick. Deer ticks (Ixodes dammini)
ill feed 3 days as a larva, 4 days as a nymph, and 7 days as

he female. In the last day, usually in the last 3 or 4 hours of
he bloodmeal, the tick takes what has been termed “the big
ip,” removing a large volume of whole blood, then detach-
ng and dropping from the host.

Because they must remain attached for days, hard ticks
ecrete a complex mixture of anticoagulant, antiinflamma-
ory, and antihemostatic agents that temporarily disable a
ost’s local inflammatory response,1 which might inhibit its
eeding. Hosts that have never been exposed to ticks will not
ealize that a tick is attached. In contrast, soft ticks are similar
o mosquitoes in their feeding, spending tens of minutes to no
ore than a few hours feeding, usually as their host is sleep-

ng.
Tick life cycles have an extended duration, usually months

r years. Deer ticks, for example, take 2 years to go from egg
o egg. For this reason, there is generally no risk associated
ith hard ticks engorging and dropping off of a companion
nimal within a patient’s home. The engorged tick will not
eed again and will take weeks to molt or lay eggs, and, in the
nterim, usually the relative humidity within the house is too
ow for extended survival of the tick. Many of the pest tick
pecies have very specific microhabitat requirements, includ-
ng the need for high relative humidity and thus are found
ainly in sites with dense grassy or herbaceous vegetation
ith a leaf litter understory. Brown dog ticks (Rhipicephalus

anguineus) are very resistant to heat and moisture deficits,2

ut require warmer temperatures for their complete life cycle.
hey are the only hard tick in which a complete life cycle may

ccur indoors, particularly within kennels.
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176 Topics in Companion Animal Medicine
icks Commonly Infesting Dogs and Cats in the
nited States

here are 800 described tick species globally, and 87 of these
ave been reported from North America (of which nearly
alf are hard ticks of the genus Ixodes). However, relatively
ew are common pests in the United States. Virtually all ticks
ound on dogs or cats are brown dog ticks (Rhipicephalus
anguineus), American dog ticks (Dermacentor variabilis),
ocky Mountain wood ticks (D. andersoni), Western dog

icks (D. occidentalis), Lone Star ticks (Amblyomma ameri-
anum), Gulf Coast ticks (A. maculatum), deer ticks (I. dam-
ini), blacklegged ticks (I. scapularis), and woodchuck ticks

I. cookei). With the exception of Dermacentor spp (in which
he subadults infest only rodents), all 3 stages (adult, nymph,
arva) of the other common species may infest dogs. Good
hotographs are available online and may help identify a
pecimen to species. However, when ticks are partially fed or
ngorged, many of the easy morphologic features become
bscured. The need for identification is not axiomatic: if dogs
r cats are frequently infested, the owner would want to act
o reduce infestation regardless of species. Although most
oncern relates to infectious agents, note that the vast major-
ty of host-seeking ticks are not infected. Other than for the
gent of Lyme disease in New England deer ticks (in which
revalence of spirochetal infection is commonly 35% to 65%

n adult ticks,3 typical infection rates for the agents of spotted
ever, ehrlichiosis, tularemia, or babesiosis in their tick vec-
ors is on the order of 0.1% to 1%. Accordingly, it might be
seful to distinguish dog ticks from deer ticks in New En-
land, if only to be alert for signs or symptoms of Lyme
isease. Otherwise, tick identity would not affect a decision
o try to reduce risk, either at the level of the individual (a
opical formulation for pets, personal protection for the
wner) or at the level of yards or neighborhoods (habitat
anagement, judicious use of acaricidal spraying). Although

ocused on deer ticks, a good source for modes of prevention
or any tick may be found at http://www.ct.gov/
AES/lib/caes/documents/special_features/TickHandbook.
df.

icks as Vectors

icks are notorious vectors for a diverse array of infections.
he vectorial capacity of a bloodsucking arthropod depends
n focusing bites on relevant hosts, and competence in sus-
aining the development of a pathogen and the density of the
rthropod.4 Tick vectorial capacity is a function of (1) the
xtended duration of their feeding and large amount of blood
ngested, thereby concentrating minute amounts of pathogen
irculating within the vertebrate vasculature, and (2) the
reat densities of infestations that might result from environ-
ental perturbation. In addition, very host-specific ticks that

eed throughout their life cycle on the same individual animal
r at most on a single species of animal efficiently maintain
athogen life cycles by not wasting bites on irrelevant species.

icks that are more indiscriminate in their feeding habits t
ave many opportunities to transfer potential pathogens be-
ween species, thereby serving as “bridge vectors.” Ticks
ave long been known as important veterinary pests and
ources of infection. Indeed, the seminal report of the life
ycle of the agent of Texas cattle fever (Babesia bigemina) by
mith and Kilborne in 1893 served to start the field of med-
cal and veterinary entomology.

ignificance of Tick Infestation for Companion
nimals

ll health from tick infestation is due to (1) repeated infesta-
ion and engorgement of dozens of adult ticks at a time,
romoting anemia or immune suppression, (2) tick paralysis
nduced by a toxin secreted in the saliva of certain ticks, (3)
ffects of sensitization or secondary bacterial infection of bite
ites, causing granulomatous dermal reactions or pyogenic
esions, and (4) disease resulting from infection transmitted
y a tick. Although occasional low-level tick infestations of
ogs or cats are arguably harmless and should not incite
anic, repeated identification of attached ticks should prompt
reventive measures to at least reduce the likelihood of direct
njury. Anemia or tick granulomas would be more likely with
ense tick infestations, something that few companion ani-
al owners should tolerate.

ick-borne Infections of Companion Animals

ogs and cats may become ill because of infection by arbo-
iruses (arthropod-borne viruses), bacteria, and protozoa
ransmitted by ticks. Good reviews of the biology and clinical
eatures of these infections are available,5,6 and we provide
nly a brief overview. The most burdensome of the tick-
orne infections for dogs are ehrlichiosis and babesiosis, and
or cats, cytauxzoonosis (a form of babesiosis). Canine ehr-
ichiosis due to Ehrlichia canis and canine babesiosis due to
pecies complexes of Babesia gibsoni and B. canis have been
nown since the early 20th century. Both significantly con-
ribute to the ill health of dogs across the New World and
ld World tropics because of infestations of brown dog

icks. Infections may progress to a chronic disease resulting in
mmunosuppression and pancytopenia (tropical canine pan-
ytopenia due to E. canis) or severe hemolysis and shock due
o multiorgan ischemia (babesiosis). Fortunately, severe
abesiosis is rare in American dogs, even though B. gibsoni-
ike complex parasites are endemic in some states.7 Most
ases are detected in dogs that were adopted from Latin
merica, or from small outbreaks in kennels that had kept

uch dogs. Interestingly, dog bites appear to be an important
ode of exposure for canine babesiosis in the United States,
ndoubtedly because of transfer of parasitized red cells.8

Less severe forms of ehrlichiosis due to Ehrlichia canis are
ommon in the United States. Although the agent is now
lassified as Anaplasma phagocytophilum, and “human
ranulocytic ehrlichiosis” is erroneously referred to as “hu-
an anaplasmosis,”9 the disease is indistinguishable from
hat known as canine granulocytic ehrlichiosis due to E. ew-

http://www.ct.gov/CAES/lib/caes/documents/special_features/TickHandbook.pdf
http://www.ct.gov/CAES/lib/caes/documents/special_features/TickHandbook.pdf
http://www.ct.gov/CAES/lib/caes/documents/special_features/TickHandbook.pdf
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ngii or even canine infection with E. chaffeensis. Anaplasma
hagocytophilum is transmitted by deer ticks, and E. ewingii
nd E. chaffeensis by Lone Star ticks. These ehrlichioses have
eceived much attention because they are zoonotic.10 In ad-
ition, infection by A. platys, transmitted by brown dog
icks, is usually subclinical but may be discovered by routine
omplete blood count because it causes thrombocytopenia.11

he clinical entities are usually characterized by nonspecific
igns such as fever, depression, and lethargy, and may spon-
aneously resolve.12,13 Evidence of exposure is not evidence
f current infection. Indeed, for human granulocytic ehr-
ichiosis (“human anaplasmosis”) diagnostic antibody ti-
ers appear only in convalescence. Although sheep can be
hronically infected by A. phagocytophilum (leading to
mmunosuppression), and E. canis infection may relapse
ven after appropriate treatment,14,15 it is more likely that
hese infections spontaneously resolve. Re-exposure to in-
ected ticks needs to be ruled out before concluding that infec-
ion may persist “silently” and unpredictably cause patent
isease.
Cats may acquire cytauxzoonosis due to Cytauxzoon felis,
hemoparasitic protozoan. Dog ticks are known vectors,

nd, although classically most cases are reported from the
outh-central states, even cats residing in the eastern sea-
oard states appear to be at risk. A recent analysis reports a
90% case fatality rate (including those euthanized as a

esult of signs and symptoms).16 Cats present with acute fe-
er, icterus, and pancytopenia, and rapidly deteriorate.
Lyme disease (borreliosis) due to the spirochete Borrelia

urgdorferi continues to receive intense attention in the com-
anion animal world since canine disease was first reported

n the early 1980s.17 The distribution and density of the main
eer tick vector have changed in the last decade, with expan-
ion from the main coastal New England and upper Mid-
estern foci of intense transmission. As with human Lyme
isease, the diagnostic, clinical, and therapeutic features have
licited controversy, and the reader is referred to the Ameri-
an College of Veterinary Internal Medicine consensus state-
ent on Lyme disease for an excellent review of these is-

ues.18 Given the great prevalence of spirochetal infection in
he recognized Lyme endemic areas, and the likelihood of
requent if not daily exposure to deer ticks, dogs or outdoor
ats must sustain numerous infectious bites during their life-
imes. Why superinfection does not seem to occur with re-
ulting frank, objectively definable Lyme disease at epidemic
ates is a paradox that speaks to the host-pathogen relation-
hip in canine or feline B. burgdorferi infection. A dose-
esponse association is typical for most infectious diseases:
he greater the inoculum, the greater the probability that
nfection results in disease.

The epidemiology of Rocky Mountain spotted fever
RMSF) is undergoing a paradigm shift. Although this infec-
ion was thought to be transmitted mainly by Dermacentor
pp ticks, a small outbreak in Arizona19 was due to transmis-
ion by brown dog ticks. In addition, RMSF has long been
oted to vary in severity, from mild to fulminating,20 and this

linical spectrum has been attributed to the existence of n
trains of Rickettsia rickettsii that were less virulent. In fact,
elated spotted fever group rickettsiae that were long thought
o be tick symbionts are now increasingly being identified as
athogens.21 These symbionts are more commonly detected
n ticks than is R. rickettsii, and species such as R. parkeri and
. amblyommii are being incriminated in milder versions of
uman RMSF, suggesting that dogs may also become in-
ected by these species and exhibit a range of clinical presen-
ations. There are few evidence-based predictors for why an
ndividual patient (human or dog/cat) might develop severe
isease or any disease due to infection by any Rickettsia spp,
nd thus it is not clear that a greater level of concern regard-
ng tick infestation and rickettsial disease in companion ani-
als is warranted at this time.
Although DNA of Bartonella spp, particularly B. henselae,

as been detected in deer ticks, and there is an emerging body
f literature that considers ticks to serve as vectors for these
acteria, definitive demonstration of tick vectorial capacity
as not been established.22 We do not consider Bartonella
urther in this review, but note that if ticks are vectors, such
fact would add to the already considerable perceived or real
urden of ill health associated with these ectoparasites.

erceived Burden of Tick-borne Infection

he market for antiectoparasite products targeting compan-
on animals is very large, suggesting that the public has a
trong perception that their pets are at risk of ill health due to
rthropod infestation. The best-selling topical formulation of
pronil for controlling fleas and ticks on dogs has sold over 1
illion units since its commercial introduction in 1996 (http://
ww.petproductnews.com/headlines/2009/05/07/update-

pa-considers-further-restrictions-on-flea-tick-pet-products.
spx). Issues of infection aside, mere infestation of a cat or
og is now commonly regarded as ill health and potentially
azardous to the owner. In fact, low-level infestations of
icks (fewer than 10) are likely not harmful to the individual
nimal because, at most, approximately 3000 �L of blood
ould be ingested by a single adult tick. Ticks would feed to

epletion if attached to a dog and would not seek another
ost (the owner), and if the replete tick was subadult, it could
onceivably hide and molt to another host-seeking stage. The
nvironment within homes is generally poor for completing
evelopment, with the exception of brown dog ticks, which
re resistant to humidity and temperature extremes. How-
ver, if pets were kept outdoors, a nuisance infestation could
evelop quickly within the yard. Indeed, before the introduc-
ion of the topical antiectoparasite drugs, American dog ticks
Dermacentor variabilis) reproduced mainly on domestic
ogs. On the other hand, ticks may be transported into
omes, particularly by cats, and seek hosts there if for un-
nown reasons their transport host is not palatable. In addi-
ion, ticks are transported large distances by infesting dogs
hat accompany their owners on vacation and return with a

ew infestation.

http://www.petproductnews.com/headlines/2009/05/07/update-epa-considers-further-restrictions-on-flea-tick-pet-products.aspx
http://www.petproductnews.com/headlines/2009/05/07/update-epa-considers-further-restrictions-on-flea-tick-pet-products.aspx
http://www.petproductnews.com/headlines/2009/05/07/update-epa-considers-further-restrictions-on-flea-tick-pet-products.aspx
http://www.petproductnews.com/headlines/2009/05/07/update-epa-considers-further-restrictions-on-flea-tick-pet-products.aspx
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eb Chatter, Support Groups, Anecdotal
eports

he worldwide web has become an invaluable resource for
any pet owners to gather information about tick-borne
iseases that may affect their pets. Search results as of May
009 using the popular search engine Google identified
41,000 results for the keywords “tick borne disease AND
ogs”; 86,800 results for “ehrlichiosis AND dogs”; 76,700
esults for “babesiosis AND dogs”; 56,400 results for
RMSF AND dogs”; and 51,600 search results for “anaplas-
osis AND dogs.” Lyme disease is of particular interest;

here were 533,000 search results for “Lyme disease AND
ogs” using the Google search engine. The highest-ranked
eb sites under all categories that were searched were gener-
ted by animal health care providers, animal hospitals, pet
nterest groups, and educational institutions. Web sites pro-
ided basic disease information including disease signs and
ymptoms, diagnosis, treatment, and vaccination options (if
pplicable) to pet owners. A review of the top 50 results for
anine Lyme disease found that despite the ongoing debate in
he veterinary community over diagnosis and treatment, the
nformation was generally consistent between the sites. This
ay decrease the opportunity for web searchers to be con-

used about conflicting information. However, there were
everal examples in which animal health care providers ex-
ressed doubts about current Lyme disease diagnostic para-
igms. One extreme example from a web site quoting a vet-
rinarian suggests extended antibiotic therapy, which has not
een proven to be valuable for human Lyme disease.23 Other
xamples provide good references for evidence-based opin-
ons but conclude with statements that are not justified by
eer-reviewed reports. There are many comments within the
ampled web sites from concerned owners who question
reatment or vaccination, often noting a failure of therapy or
rotection and then offering their anecdotally based advice.
Despite the possibility of obtaining misleading informa-

ion from comments posted by laypersons on internet web
ites, it is reassuring that many of the highest-ranked sites
resent basic information on tick-borne disease in an accu-
ate and concise manner. The great amount of online chatter
emonstrates the level of concern about ticks and tick-borne

nfection among pet owners and perhaps reflects a deficit in
ommunication, significant confusion, poor comprehension,
r insufficient education efforts of many veterinary practices.

eer-reviewed Evidence of Burden

lthough prospective clinical and seroepidemiologic studies
hat document the asymptomatic to symptomatic ratio pre-
isely measure burden, such studies are expensive and not
ractical on a regional or national basis. A quantifiable mea-
ure of burden that can be extracted from the peer-reviewed
iterature comprises prevalence of infection. Even without
mplying severity or extent of disease, such a review makes
he important point that risk is not homogenous across the

nited States or even within well-known endemic states, and d
hat seroprevalence estimates may be compared with other
nown or emerging infections of companion animals to place
urden into context. For example, more than 50% of 1000
era from American dogs were seroreactive to antigen of
anine respiratory coronavirus,24 with rates ranging from
1% to 100% for individual states. Accordingly, a sero-
revalence of 5% for American dogs (vide infra) for antibody
o Borrelia burgdorferi suggests that Lyme disease is on the
rder of a tenth as burdensome nationally as canine respira-
ory coronavirus, assuming that antibody wanes at a similar
ate for the 2 agents, but that in certain states, the burdens are
quivalent. Good serological surveys have been published for
yme borreliosis, ehrlichiosis, and RMSF.

yme Borreliosis

verall, large-scale serosurvey results closely reflect the geo-
raphic distribution of reported human Lyme disease cases
ith hyperendemic foci found in counties in central and
orthern California and the New England states.25,26 Analy-
is of data from a commonly used antibody test demon-
trated that 5.1% of 982,336 dogs tested were seroreactive
gainst the C6 peptide analyte used in the kit, which indicates
ecent or current infection with Borrelia burgdorferi.25 When
he results were analyzed by region of the United States, the
reatest prevalence was found in the Northeast and Midwest
11.6% and 4.0%, respectively), whereas the lowest preva-
ence was in the Southeast and West (1.0% and 1.4%, re-
pectively). Data mapped by zip code (county level) revealed
ockets of relatively high seroprevalence, which represent
ither known areas of hyperendemicity in humans, areas that
ncompass good habitat for tick vectors (Ixodes scapularis, I.
ammini, I. pacificus), or inclusion of dogs that have previ-
usly traveled or resided in Lyme disease–endemic areas.25

hese results are consistent with the findings from other se-
osurveys of dogs: Westchester County, New York, was be-
ween 7.1% and 85.2%,27 dogs from Dukes County and
antucket County, Massachusetts, were found to be 50%

nd 69% seropositive, respectively,28 and 66.5% of dogs
ampled from southern Connecticut were seropositive.29

imilarly, between 0% and 15% of dogs from endemic Cal-
fornia counties were seroreactive to B. burgdorferi,30 and
etween 40% and 53% in portions of Wisconsin.31,32 Sur-
eys from nonendemic areas have comparatively lower sero-
revalence: 0.6% in the Michigan Peninsula,33 0.4% to 2.3%
n North Carolina,34,35 and 2.3% in San Diego County, Cal-
fornia.36 It should be noted that differences among serologic
ssays between these studies might not heavily influence the
arge-scale seroprevalence estimates. Nonetheless, given the
eterogeneity of risk and our relatively poor understanding
f the asymptomatic to symptomatic ratio for canine Lyme
isease, testing, vaccination, and treatment decisions should
e tailored to specific areas. A one-size-fits-all recommenda-
ion would clearly be erroneous. A surveillance case defini-
ion for canine Lyme disease should be drafted by a national
eterinary organization and adopted to better define its bur-

en.
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Domestic cats are exposed to Borrelia burgdorferi, with
eported seroprevalence rates of 47% to 71% in cats from
ndemic areas of the northeastern United States.37,38 It is
ikely that feral cats are greatly exposed, and their role as
osts for ticks or as reservoirs of the deer tick–transmitted
gents needs to be formally studied. Development of disease
n cats has not been reported; however, it may be suspected in
ats exhibiting clinical signs such as those for dogs (lameness,
ever, anorexia).37,38

hrlichiosis and Rickettsiosis

he burden of ehrlichial and Anaplasma phagocytophilum
xposure in dogs has been estimated through numerous se-
ologic and molecular assays. A recent study analyzed sero-
ogic results obtained throughout the United States and
ound that overall seroprevalence in dogs for Ehrlichia canis
r E. chaffeensis was 0.6% (6295 of 982,336 dogs tested).
hen data were analyzed by region of the United States, the

reatest prevalence of 1.3% was in the Southeast; the North-
ast, Midwest, and West had canine seroprevalences of �1%
0.3%, 0.4%, and 0.6%, respectively). Within the Southeast,
eroprevalence was greatest in Arkansas (3.9%), Oklahoma
3.8%), Mississippi (3.1%), Tennessee (2.3%), and North
arolina (2.1%); all other states included in this region had

eroprevalence data of �2.0%. Within the Midwest, Kansas
nd Missouri had the greatest seroprevalence for E. canis or
. chaffeensis (2.2% and 1.9%, respectively), whereas all
ther states in this category had seroprevalences of �1%.25

he states with the greatest seroprevalence in dogs for E.
anis or E. chaffeensis overlap the geographic distribution of
he principal tick vector, the lone star tick.39 Polymerase
hain reaction (PCR) and DNA sequencing have been used to
emonstrate active infection with E. ewingii, E. chaffeensis,
nd E. canis. Ehrlichia ewingii has been found in as many as
3% of dogs suspected of having acute ehrlichiosis from
issouri; infection with E. canis was not found in the same

ohort.40 A study incorporating PCR was used to identify
hrlichia spp in 65 dogs harboring ticks in Oklahoma and

ound dogs infected with E. ewingii, E. canis, and E.
haffeensis.41 A similar study looking at the proportion of
hrlichia spp infections in 27 sick kennel dogs in North
arolina reported infection of 56% with E. canis, 33% with
. chaffeensis, 30% with E. ewingii, and 41% as having

nfection with A. platys and/or E. equi.42

The seroprevalence noted for Anaplasma phagocytophi-
um exposure shows similar geographic distribution to that
oted for Borrelia burgdorferi.25 The overall seropositivity
as 4.8% of the dogs tested nationwide (23,234 of 479,640),
ith the greatest seroprevalence found in the Northeast and

he Midwest of the United States (5.5% and 6.7%, respec-
ively). The seroprevalence was comparable in the West
ecause of relatively high seroprevalence in Oregon and
alifornia (7.4% and 4.8%, respectively).25 Anaplasma
hagocytophilum DNA has been identified in clinical cases of
canine granulocytic ehrlichosis” (6 of 17 dogs) in Minne-

ota and Wisconsin,43 and also in both healthy dogs (7 of (
22) and those diagnosed with “anaplasmosis” (19 of 51
ogs tested) in Minnesota44; a similar study in Missouri de-
ected A. phagocytophium in only 1 of 88 dogs tested.40

hese results are consistent with the prevalence pattern of
uman granulocytic ehrlichiosis and Lyme disease cases in
umans.
Cats are susceptible to Ehrlichia canis and Anaplasma

hagocytophilum infection; however, few studies have been
one to assess the burden of these diseases in the feline pop-
lation. Natural exposure to these pathogens in the United
tates has been assessed by serologic and molecular assays;
0% to 38% seropositivity to A. phagocytophilum was ob-
erved from 84 cats from the northeastern United States,38

nd evidence of infection with the agent was reported from
everal clinically ill cats from Massachusetts and Connecti-
ut.45 Ehrlichia canis has also been detected by PCR from 3
ats in North Carolina.46

In areas where RMSF outbreaks have occurred, canine
eroprevalence to Rickettsia rickettsii can be relatively high;
ne study in Arizona found RMSF seroprevalence of 70% of
ogs from a community that had 15 human cases19; another
tudy in Ohio found seropositivity in as many as 75% of dogs
n the vicinity of an RMSF case.47 Serosurveys of dogs from
MSF-endemic areas tend to show relatively high seropreva-

ence; a study from Oklahoma found a 38% seroprevalence
n 259 dogs,48 and in North Carolina 5% of 600 dogs were
eropositive,49 whereas 22 of 27 sick Walker Hounds were
eropositive.42 Cats are believed to be resistant to R. rickettsii
nfection, although serologic evidence suggests they are ex-
osed.50

revention

efore the introduction of topical acaricides, prevention
omprised dipping dogs or blowing powders into their fur,
sing chemicals with a small but measurable toxicity to
ammals, such as DDT, derris powder (rotenone), or lin-
ane. The current classes of acaricides are orders of mag-
itude less likely to be toxic for the patient and the envi-
onment, comprising either insect growth regulators that
nterfere with hormones required for successful feeding and
evelopment (eg, methoprene, a juvenile hormone analog);
ynthetic pyrethroids such as permethrin, which inhibit ar-
hropod nerve de-excitation, or fipronil, which acts on insect
amma-aminobutyric acid receptors, also causing nerve hy-
erexcitation. Topical applications reduce systemic levels of
he active ingredients and, indeed, are localized in the very
kin that serves as the critical interface for bloodsucking ar-
hropods. Although there is a recent US Environmental Pro-
ection Agency advisory regarding topicals (http://www.
pa.gov/pesticides/health/flea-tick-control.html), it is not
lear whether an increasing database of adverse events re-
ects newly recognized toxicity or is a function of random
llness with the ever-increasing number of doses adminis-
ered. Several hundred reports of an adverse event may ap-
ear to be significant, but against a denominator of 1 billion

number of doses sold for the best-selling topical) this repre-

http://www.epa.gov/pesticides/health/flea-tick-control.html
http://www.epa.gov/pesticides/health/flea-tick-control.html
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ents an infinitesimal risk. The costs and benefits of regularly
sing topicals to reduce tick infestations on companion ani-
als needs to comprise the estimated and potential burden of

ll health due to tick-borne infection or owner attitudes to-
ard ectoparasitism as well as the estimated burden due to
ocumented attributable toxic effects of the preventative.
uch an analysis should be formally undertaken, but is likely
o conclude that the benefits of topicals outweigh their slight
isk of toxicity.

Vaccination is currently available only for Lyme disease.
accination against Lyme disease is effective because of a
nique mode of immune protection51 and, indeed, one for-
ulation is virtually identical to the human Lymerix vaccine,
hich was briefly sold and withdrawn from the market be-

ause of poor sales. The Lymerix vaccine itself was consid-
red safe and, indeed, in the decade since it was used, adverse
vent reports have not accumulated in postdeployment mon-
toring of vacinees. Vaccination should be considered for
ogs that are frequently exposed to habitats with known deer
ick infestations and where seroprevalence studies have indi-
ated a greater than national risk. However, vaccination
hould only serve as a complement to topicals and appropri-
te grooming. Vaccination to reduce Lyme disease risk does
ot reduce the risk of other tick-transmitted infections.
Prevention is easiest of all for cats. Cats should remain

ndoors to prevent exposure to ticks, to reduce direct effects
f cats on biodiversity either directly via predation of birds,
mall mammals, and reptiles, or to reduce indirect effects on
iodiversity due to contamination of the environment by fe-

ine-maintained infections such as toxoplasmosis.52

ur laboratory is supported by a grant from the National
nstitutes of Health (R01 AI 064218).
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