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To nvestigate the species distrdbution of Ehrlichia present In M issouri dogs, we tested 78 dogs suspected of
having acute ehrlichiosis and 10 healthy dogs.B lood from each dogwas screened with a broad-range 16S rRNA
gene PCR assay thatdetects known pathogenic species of E hrlichia and Anaplasan a. The species was determ ned
by using species-specific PCR assays and nucleotide sequencing. Ehrlichia antbody testing was perform ed by
using an indirect In m uncfluorescence assay with Ehrlichia chaffeensis as the antigenic substrate. The broad-
range assay detected Ehrlichia or Anaplhsna DNA In 20 (26% ) of the sym ptom atic dogs and 2 (20% ) of the
asym ptom atic dogs. E . ewingiiaccounted for 20 (91% ), and E . chaffeensis accounted for 1 (5% ) of the positives.
Anaplkam a phagocytophilim DNA was detected In one dog, and the sequences of regions of the 16S ¥*RNA gene
and the groE SL operon am plified from theblood of this dogm atched the published sequences of this organism .
Antdbodies reactive with E . chaffesnsis were detected 1 14 (67% ) of the 21 PCR positive dogs and in 12 (19% )
of the 64 PCR mnegative dogs. Combining the results of PCR and serology ndicated that 33 (39% ) of 85
evaluable dogs had evidence of past or current Ehrlichia Infection.W e conclude thatE . ewingii is the predom -
nant etiologic agent of canine ehrlichiosis n the areas of M issouri mcluded In this survey.E . canis, a widely
recognized agent of canine ehrlichiosis, was not detected In any anin al. The finding of E . ewIngii in asym p-

tom atic dogs suggests that dogs could be a reservoir for this Ehrlichia species.

E hrlichjosis is an in portant em erging infection of dogs and
hum ans. The first species recognized, Ehrlichia canis, causes
m onocytic ehrlichiosis m dogs. A clbsely rehted species, E .
chaffeensis, was subsequently dentfied as the cause of hum an
m onocytic ehrlichiosis (1) .E . chaffeensishasalso been detected
T dogs (12),coyotes (21),goats (13),and deer (3,10) .Another
closely related species, E . ew Ingii, was inibally recognized as
the cause of granulocytic ehrlichiosis In dogs (15) and was
recently found to cause som e cases of granulocytic ehrlichiosis
I hum ans (7). M ost cases of hum an granulocytic ehrlichiosis
are caused by a species referred to as the agent of hum an
granulocytic ehrlichiosis (4) . Thisbacterium hasalso been de-
tected In dogs (19) ,deer (5),horses (20),and rodents (31).The
nam e Anaplsan a phagocytophilim has recently been proposed
o clide thisbacteriuim , In additon to the species previously
known as E . phagocytophilim and E . equi (14), and this pro-
posed nam e isused I the present study.

M ost studies of the prevalence of nfection wih Ehrlichia
op . In dogs have been based on serologic m ethods assays that
often used antigensderived from E .canis.Because of serologic

* Comregponding author. M ailing address: W ashington U niversity
SchoolofM edicine, D epartm ent of Pediatrics, Cam pus Box 8116, St.
LouisChildren’sH ospital, O ne Chidren’sPlace, St.Louis,M O 63110.

ax: (314) 4542274 .Phone: (314) 454-6079.E -m ail: storch@ kidswustl
edu.

t Present address: InfectiousCare, D allas, TX 75231.

# Present address: D epartm ent of D iagnostic M edicine Pathobiol-
ogy, College of V eterinary M edicine, Kansas State U niversity, M an-
hattan, KS 66506-5705.

§ Present address: College of Veteriary M edicihe, East Lansing,
M I48824-1314.
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cross-reactions between E . canis and other Ehrlichia species,
ncluding E . chaffeensisand E .ew Ingii (25, 29), these studiesdo
notprovide ddentification of the species that elicits production
of antd-Ehrlichia antdbodies n the host anin al. Four studies
have used m olecular technigques and or cell culure m ethods to
identify the Ehrlichia species fecting dogs. In these studies,
carried out in N orth Carolina (6,22),V irginia (11),and O kla-
homa (25), 24 dogs were Infected with E . chaffeensis, 21 were
hfected wih E . canis, 19 were Infected with E .ew ingii, 10 were
Infected with E . phtys, and 1 was infected with A . phagocyto-
philum .A recent study described 15 dogsw ith E . ew Ingii Infec-
tion proven by PCR (18).

In our bboratory at W ashington U niversity M edical C enter
I St.Louis,M o.,we have detected nearly 200 cases of hum an
ehrlichiosis In recent years by using PCR ; 89% of these cases
were caused by E. chaffeensis and 11% were caused by E.
ewngii. To leam more about possble relhtionships between
hum an and canine ehrlichiosis, we studied the occurrence and
species disrbution of Ehrlichia n pet dogs in M issouri. The
focus of the study was on ill dogs with clinicalm anifestations
suggestive of ehrlichjosis, butwe also studied a am allernum ber
of asym ptom atic dogs.

M ATERIALS AND M ETHODS

Canine subjects and blood sam ples. Participating M issouriveterharianswere
recruited by the saff at the U niversity of M issouri College of V eterinary M ed-
icine. Participating veterinarins were asked to subm tblood sam ples from dogs
that they suspected of having ehrlichiosis on the basis of a disodbuted list of
clinical m anifesations of granulbcytic or m onocytic ehrlichiosis; these clinical
m anifesations mchided fever, evidence of m usculoskeletal dissase, hepatom eg-
aly, splenom egaly, uveids, seizures, hem orrhage, cytopenias, hyperglobulinem i,
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presence of m orulae I a preripheralblbod am ear, and presence of ticks on the
dog. ED TA -anticoagulated whole bbbod and serum specin ens were collected
from each dog for abomtory testng. For each dog with suspected ehrlichiosis
cluded In the study, vetermarians were also asked to subm it whole-blod and
serum specin ens from another dog under their care at the sam e tin e that was
not ill (eg., dogs belng seen for routine in m unizations or dogs beig boarded
under the supervision of the veterinarian). Thirtyfive veterinarians subm ited
sam ples from 88 dogs from M arch 2000 through January 2001 ; the sam pleswere
m ailked to the V iolgy Labomtory at St. Louis Chidren’sH ogpimal. The veterdi-
narians alo provided clnical and epidem ologic data for each dog by using a
standardized data collection form .The firstday of observed illhesswasknown for
23 dogs. For these 23, sam ples were obtained affer a m edian nterval of 4 days
(range, 0 to 31).

PCR testing.Leukocyte lysateswere prepared from whol-blod specin ensas
described previously (7) .Broad range Ehrlichia PCR was perform ed with prin -
ers ECA and HE3) that bind to segm ents of the 16S rRNA gene that are
conserved am ong allpathogenic Ehrlichia and A . phagocytophilim . The Ehrlichia
species was determ ned by additional reactions w ith sets of prin ers specfic for
E.chaffeensis HE1and HE3) (2),E.ewgii EW 1 and HE3) (33),and E . canis
(11) . Sam ples positive w ith the broad-range prin ers were also tested with prin -
ersEHR 521 and EHR 747 that am plify A . phagocytophilm , as well as other
Anapksna p. (27).Samples positive with EHR 521 and EHR 747 were alo
tested w ith prin ersG E 9F and G E 2 thatam plify a portion of the 16S rRNA gene
ofA .phagocytophilum , aswellas the closely related white-tailed deeragent (23),
and also with a nested assay that spectically am plfiesa 1 256-bp segm ent of the
A . phagocytophilim groESL operon (28).

Serology. Canine serum specin ens were tested for Inm unogbbuln G (IgG )
antibodies reactive with E . chaffeensis by using an indirect in m unofluorescent-
antdbbody assay (IFA ), as described previously (9). Fliorescel isothiocyanate-
labeled goat anti-dog IgG  ( -gpectic) conjugate wasused ata dilution of 1/150.
Serum sam ples were screened at a 132 dilution; specin ens reactive at this
dilution were tirated to the end pont. Antibody titers were expressed as the
greatest reciprocaldilition forwhich speciic reactivity was observed .D ogswere
considered seropositive if the IFA titerwas 64.

Sequencing. Amplfied products from the Ehrlichia broad-range assay per-
formed on DNA extracted from canine whol blood were sequenced at W ash-
ngton U niversity SchoolofM edicine.The sequencihg reaction contained 125 ng
of purfied am plicon, 3 2 pm olof prin er, BigD ye term hators A pplied Biosys-
tem s, Inc., Foster C iy, Calif), and AmpliTag FS DNA polym erase. Extension
products were analyzed In an autom ated DNA sequncer (model 377; A pplied
B Iosystem s) . The prin ers used for ssquencing of the broad-range PCR product
were HE3 (2) and PER IR (17).

Nucleotide sequence accession num ber. The G enBank accession num ber of
the 1,256bp gmoESL sequence am plfied from a M isouridog iIsAY 219849.

Statisticalm ethods. C ategorical data were com pared by using the chi-square
test or the Fisher exact test. A P value of 005 was considered satistically
signficant. Statdstical analyses were carried outby using EpiInfo 2000 (Centers
for D isease Controland Prevention).

RESULTS

A totalof 88 pet dogswere ncluded m the study, including
78 (89% ) thatwere illand 10 (11% ) thatwere asym ptom atic.
The dogs included a w ide variety of breeds, of which the m ost
common were Labradors and G olden R etrievers 22,
ncluding m xes) . F ifty-six percent were fem ale, and the m ean
age was 4 6 years (range, 1 to 13 years). Fever and m usculo-
skeletal signs (ie., Jam eness, reluctance to rise orm ove, walk-
ng with a stff or stlted gait, orpainfiilor swollen pints) were
the most frequent clinical findings. O ther reported findings
ncluded current or recent hem orrhage, organom egaly, uveitds,
and neurologic signs.

Routine hboratory test results were avaibble for only a
m hority of the dogs and dicated that 19 dogs had throm bo-
cytopeni (plateletocount, 200,000/ 1),20 had anem ia,10 had
Jeukopenia, and 4 had hyperglbulnem ia.G ranulcytic m oru-
lae were observed on peripheralblood sn ears from two dogs
that were later found to be PCR positive for E . ew Ingii.

J.CLN .M ICROBDL.

TABLE 1. Resultsof Ehrichia PCR testing of M issouri dogs

No. (% ) of dogs PCR positive for:

Status Totalno.
of dogs R . .. A .phagocyto-
E.ewingii E.chaffeensis E.canis philm
uil 78 18 (23) 1@ 0 1@
A sym ptom atic 10 2 (20) 0 0 0
Com bined 88 20 (20) 1@ 0 1)

The resultsof PCR testing of the 88 dogsare shown n Table
1.Ehrlichia orAnaplhana DNA was detected In the blood of
22 (25% ) ofthe 88 dogs, Including 20 (26% ) ofthe illdogsand
2 (20% ) of the asym ptom atic dogs. Species-spectic PCR test-
ng revealed 19 nfectionswith E . ew ngii, 1 with E . chaffeensis,
and 1 with A .phagocytophilim . O ne additonal dog was deter-
m Ined to be positve by the broad-range assay but negative by
the speciesspectic assays. The species identity of this dog’s
Infecton was determ ned to be E . ewhgii by nuckotide se-
quencing ofa portion ofthe 16S IR N A gene.The failire ofthe
goecies-spectic assay to yield the species dentity was probably
related to the fact that the species-spectic assays are less sen-
sitive than the broad-range assay for the detection of Ehrlichia
DNA (unpublished data) .E .caniswasnotdetected n any dog.
Two dogs positive for E. ewhgil were also positive I the
screening assay forA .phagocytophilim  (prim ersEHR 521 and
EHR 747) butnegative w ith the confimm atory assays that am -
plify segm entsof the 16S ribosom alD NA gene and the goE SL
operon of A . phagocytophilim and were thus considered to be
positive only for E . ew ngii. Thus, infection wih m ulbple Ehr
lichi specieswasnotdetected n any dogs In the present study.

Because hum an cases of ehrlichiosis caused by A . phagocy-
tophilum have been rare n M issouri (24), we carried out nu-
cleotide sequencing of portionsof the 16S rRN A gene and the
gk SL heat shock operon am plfied from the blood of the dog
that was positive for A . phagocytophilim . Sequencing of the
16S rdbosom algene segm ent was perfom ed by using the se-
quencing prin er PER -1R , which provides the sequence of a
126 bp s=egm ent that gpans the highly variable region. The
sequence determ ined m atched the published sequence of A .
phagocytophilim (G enBank accession no. U 02521) (8). The
nuckotide sequence of the segm ent of the gwESL operon
am plfied by PCR wasvery sin ibr to or dentical to sequences
previously determ ned for A . phagocytophilim .

There were no signficant differences between PCR -positive
and PCR -negative dogs in gender, proportion fertile, m ean
age, or the presence of fever or musculoskeletal sym ptom s,
throm bocytopenia, oranem fa (Table 2).D efinite tick exposure
(bck currently em bedded or recently rem oved) was reported in
75% of PCR -positive com pared to 50% of PCR -negative dogs
(P 005 [chisquare]).Asshown In Fig.1,most (81% ) ofthe
PCR -ositive cases occurred during M ay through July. Figure
2 chows the disodbution of PCR positve and PCR negative
sam ples wihin the smte of M issouri. M ost specin ens were
subm itted from the southem portion of the sate . Positive dogs
were Iocated throughout this region, w ith a cluster of positives
I four counties [Jefferson, W ashington, St. Franoois, and St.
G enevieve) ocated south of St. Louis and a em aller cluster in
the southwest portion of the sate.

Sera from 85 dogs, mcluding 76 ill and 9 asym ptom atic
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TABLE 2. Clnical characteristics of M issourd dogs tested for Ehddichia

No. (% ) ofanin als that were®:
. o s No.ofanin alswih Il @ 78) A tomatic m  10)
Characteristic or finding data avaikble ymp
PCR positive PCR negative PCR positive PCR negative
n 20) M 58) al m 8
M ak 85 6 (32) 26 (46) 1 (100) 4 (50)
Fertile 81 5 (29) 19 (35) 0 1 (13)
M ean age (yr) 85 51 47 48 31
Febrile 78 9 (45) 26 (45) NA NA
M usculoskeletal findings® 78 15 (75) 37 (64) NA NA
T ick exposure 78 15 (75) 29 (50) NA NA
Throm bocytopenia 22 6 (86) 14 (93) NA NA
Anem & 22 3 (60) 17 (100) NA NA

2 Exoept where mdicated (ie. mean age), entries In the table Indicate the num ber of dogs and the percentage of those tested that had the indicated characteristic
orfinding.*,P 005 (chissquare analysis) .NA , not avaibblk.
P D efined as lam eness, reluctance to m ove, waking w ith a sdiff or stdlted gait, or painfiul or svollen pints.

anin als, were tested by IFA for antdbodies reactive wih E.
chaffeensis. Table 3 shows the results com pared to results of
PCR testng. O f the 85 dogs, 26 (31% ) had IgG antbodies
reactive w ith E .chaffeensisata titerof 64, incluiding 14 (67% )
of 21 that were PCR positive and 12 (19% ) of 64 that were
PCR negative (P 0001 [chigquare]).IFA wasperform ed on
sam ples from 19 dogs thatwere PCR positive forE . ew hgiiby

thatm ore than 90% ofdogsw ith m olecularevidence of current
Ehrlichia infection were Infected with E . ew ngii. A Though E .
ew Ingii had previously been dem onstrated as a cause of ehrli-
chiosisin M issouridogs (30),no study had yet docum ented its
presence by m olecular m ethods. The distrbution of Ehrlichia
goecies In M issourd dogs differs dram atically from that n hu-
m answ ith ehrlichiosis acquired I the state. In our kboratory,

PCR .O f these, 13 (68% ) had tters of 64 (@nge, 32 which receives hum an specin ens from a geographic region

2,048; geom etrdc m ean tter, 142). The sigle dog that was
positive for E . chaffeensisby PCR had a reciprocal tier of 64,
and the single dog that was positive for A . phagocytophilim by
PCR was negative for antibodies reactive wih E . chaffeensis.
O fthe 76 illdogstested, 24 (32% ) were IFA positive com pared

sin ilbr to the region from which dog sam ples were provided
for the present study, E . chaffeensis has acocounted for 89% of
the cases, with E . ew ngii accounting for the rem aining 11% .
0 ne explnation forthisdiscrepancym aybe differences n host
pathogenicity; nam ely, E . chaffeenis m ay be m ore pathogenic

2 (22% ) of the asym ptom atic dogs (P 0.7 [Fisher exact for hum ans, and E . ew ngiim ay be m ore pathogenic for dogs.

test]). In all, 33 (39% ) of the 85 dogs tested by PCR and IFA
had evidence of eitherpastor currentE hrlichia exposure based
on either a positve PCR or positve serology.

A Though the m ost Ikely explanation for the finding of pos-
iHve serology with a negative PCR In 12 dogs is that they had
past nfection, another possble explnation is the effect of
antbiotic therapy given for the acute ilhess. Antdbiotic pre-
scribing nform ation was available for 60 dogs at the tim e of
sam ple collection. N neteen had received antidbiotics for at

least 1 day before testing (range, 1 day t© 7 m onths prior to
sam ple collection); seven of these anin als had received an
antdbiotic w ith signficantanti-Ehrilichia activity (doxycycline or 2

chloram phenicol) .0 ne of the seven wasPCR positive and IFA i
negative after 6 days of chloram phenicol treatm ent, one was
PCR negative but IFA positive after receiving 4 weeks of
doxycycline, and the rem aining five were PCR negative and

IFA negative.

O ne possible explanation for the finding of seronegativity n
seven PCR -positive dogs (six ill and one asym ptom atic) could
have been thatblood sam pleswere obtained early in the illness
before a serologic response had occurred . Inform ation on the
day of onset of ilhesswas avaibbl for three of the six illdogs
w ith thisfinding; In these dogs, the sam ples were obtained on
days 3, 3, and 30 after onset of sym ptom s. "

DISCUSSION . !—%H_ N |

This study of the Ehrlichia species present In dogs In M is-
sourirevealed severalnotable results. The first was the finding

Numbaer of Dogs
@

A dditonalm olecular studies of the prevalence of Ehrlichia i
asym ptom atic dogs would help clarify these results.

The absence of E. canis n the present study is also note-
worthy.O ne otherm okcular study of canie ehrlichiosis, per-
formed In Virghia, found only E . chaffeensis and E . ew ngii,
w ithout any cases of E . canis infection (11).W e do not think
the absence of E . canis In the present study is the result of the
failure of the PCR assayused to detectE . canis, sihce the PCR
prin ers n the broad-range assay used for nidal screening can

WPCR pos
B Seropos only
CiserolPCR neg

I

Feb-00 MarD0 Apr-00 May-00 Jun-00 Jul00 Aug-00 Sep00 Oct00 MNow-00 DecD0 Jan-01

Month-Year

FIG . 1. Seasonal occurrence of ehrlichiosis in M issourd dogs.
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TABLE 3. Resultsof Ehrdichia serologic testing of M issouri dogs
com pared to results of Ehrlichia PCR

No. (& ) ofdogs with resul®

No.ofdogs
Status evaliaed PCR / PBCR / PCR / PBCR /
FA FA FA FA
il 76 14 (18)* 6 (8) 10 (13 46 (61
A sym ptom atic 9 0 1(11) 2 (22) 6 (66)
Combined 85 14 (16) 7 (8) 12 (14) 52 (61

2 Test results are Indicated as PCR  /IFA , PCR positive and IFA positive,
etc.

am plify the DN A ofE . canis. Previous studies of the causes of
canine ehrlichiosis thatwere based on serologym ay have failed
o m ake definitive species identification because of serologic
cross-reactions am ong m em bers of the Ehrlichia, including
E . chaffeensis and E . ew Ingii. Specifically, it is possble that
som e casesof E .ew giinfection were m iswkenly attrdbuted to
E . canis infection. An altemative explanation for the prepon-
derance of nfections with E . ew Ingii is that participating vet-
erinarians selected dogs for inclision n the present study
who had sym ptom s such as arthritis that are associted wih
E . ewhgii nfecton.

The detection of a dog infected with A . phagocytophilim or
a cbesely related species was surprising.W e have not detected
A . phagocytophilim In our extensive experience wih hum an
ehrlichiogis In M issourd. It is possible that the organism does
exist at ow levels in M issouriand sin ply escapes detection as
a hum an pathogen. It is also possbl that the agent detected
was a gecies related to but not identical to A . phagocytophi-
um , although we think this isunlkely because of the very close
sim ilarity of the gESL sequence determ med in the present
study to m any different A . phagocytophilim  sequences deter-
m ned In the laboratory of one of the authors W S.).Be-
cause com plete travel histories were not available, we cannot
exclude the possibility that this dog was mfected out of the
state.

Serologic testing for antibbodies reactive w ith E . chaffeensis
revealed that 31% of dogs had ssrologic evidence of past or
present nfection with Ehrlichia. Com bining the results ofm o-
lecular and s=rologic testing, 39% of all dogs tested had evi-
dence of past or present mfection wih Ehtlichia, ndicating
frequent exposure of M issouri dogs residing in the survey re-
gions of M issourd to this group of bacteria. D iscrepancies be-
tween the results of serologic and m olecular tests observed for
som e anin als were not unexpected. The 12 dogs that were
seropositive but PCR negative probably had past Ehrlichia
nfecton. The fact that these cases were evenly disodbuted
throughout the year supports this explanation . It is also possi-
ble that som e of these dogshad recent infection butwere PCR
negative because of antdbiotic treatm ent. H owever, only ssven
dogs in the study were known to have received antibiotics w ith
actvity against Ehrlichia, and only one was PCR positive and
IFA negative, which ldicates that antdbiotic therapy was not
the explanation for thisfinding. Fhally, the sensitivity of PCR
as a method for detecting acute canine ehrlichiosis has not
been detem ned, and it is possible that PCR was falsely neg-
ative In som e of these dogs.

Several explanations are possbl for the seven dogs that
were PCR positive but seronegative. Som e of these dogsm ay
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have been sam pled very early h the course of their mfection
before an antibody response had occurred . U nfortunately, the
nterval between the day of onset of sym ptom s and the day
when the blood sam ple was obtained was not availablk forall
dogs. A nother possble explanation m ay have been failure to
make an antbody responses to acute Ehrlichia mfection m
som e of these dogs. Convalescentphase samples were not
avaibble to test this hypothesis. Tt is also possble that I sera
from som e dogs, the E . chaffeensisantigen used I the IFA m ay
have failed to detect antdbbodies produced In response to nfec-
tion with E . ew Ingii. This possibility is supported by the obser-
vation of mconsistent seroreactivity with E . canis antigen n
serum from dogs found to be positive for E . ewigiiDNA by
PCR (16, 18).

There were no differences am ong the dogs w ith or w ithout
confim ed ehrlichiosisby sex, age, breed, or fertility smtus. The
larger overall representation of retrievers n the study sam ple
m ay be explined by the popularity of these breeds aspets, but
data on breed prevalence for the sate were not avaibble.
Expected early summ er peaks In both total suspected tick-
bome ilhessesand In actual PCR “positive cases of ehrlichjosis
were noted. Prior studies have noted higher incidence, m or-
@lity rate, and chronicity am ong G em an shepherd dogs In
South A frica with E . canis infecton (32) .H owever, no partic-
ulr breed stood out I our study as having increased Inci-
dence.

W e highlight here the potential relationships between hu-
m an and canine ehrlichjosis. The finding that two of ten asym p-
tom atdic dogs were PCR positive for E . ew ngii suggests that
dogsm ght serve as a reservoir forE . ew Ingii. G oodm an et al.
(18) alo recently showed evidence of asym ptom atic dogs that
were PCR positive forE .ew Ingii. The two asym ptom atic PCR -
positive dogs In the present study were sam pled n M arch and
April,m onthswhich are earlier in the year than those In which
m ost cases of hum an ehrlichiosis occur in M issourd. Thisfind-
Ing raises the possibility that chronic canine Ehrlichia infection
oould be a source for subsequent nfections with Ehrlichi In
hum ans residing In the sam e areas. It is probably m ore lkely
that dogs and hum ans share sin ilbr exposures to Infecting
ticks, suggesting that cases of canie ehrlichiosism ay serve as
sentinels for hum an cases, as described for other tick-bome
nfectons, mcluding R ocky M ountain spotted fever (26).M ost
cases of suspected canine ehrlichiosis do not currently undergo
testing to reveal the etiologic agent. If confimm atory testing
becom esm ore w idely adopted,, results could assisthum an pub-
lichealth officials n dentifying environm entswhere the risk of
acquiring hum an ehrlichiosis is high.
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