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Molecular Evidence Supporting Ehrlichia canis-Like
Infection in Cats

Edward B. Breitschwerdt, Anthony C.G. Abrams-Ogg, Michael R. Lappin, Dorothee Bienzle,
Susan |. Hancock, Sara M. Cowan, Jennifer K. Clooten, Barbara C. Hegarty, and Eleanor C. Hawkins

Currently, the pathogenic role &hrlichia canisin cats has been proposed predominantly on the basis of the serologic evidence
of natural infection and the infrequent detection of morulae-like structures within the cytoplasm of leukocytes in cats. The purpose
of this report was to provide molecular evidence supportinganis-like infection in 3 cats that had clinical manifestations
consistent with canine ehrlichiosis but lacked antibodies tanis antigens. Serum from all 3 cats contained antinuclear antibodies
(ANAs). The predominant disease manifestation was polyarthritis in 1 cat and bone marrow hypoplasia or dysplasia, accompanied
by pancytopenia or anemia and thrombocytopenia, in 1 cat each. The alignmérdanfs partial 16S ribosomal DNA (rDNA,;
382 nucleotide positions), amplified from EDTA blood samples from each cat, was identical to each other and was identical to a
canine isolate of canis (GenBank accession number AF373613). In 1 cat, concurrent treatment with corticosteroids may have
interfered with the therapeutic effectiveness of doxycycline for the eliminatioB cénis-like infection. To further define the
spectrum of ehrlichiosis in cats, polymerase chain reaction (PCR) testing may be necessary until serologic testing is thoroughly
validated in experimentally or naturally infected cats. In addition, uatdanis has been isolated from cats and several tissue
culture isolates are available from disparate geographic regions for detailed comparative genetic study, the molecular evidence
presented in this study supportiigcanis-like infection in cats must be interpreted with caution.

Key words. Antinuclear antibodies; Leukemia; Polyarthritis; Thrombocytopenia.

Ithough variousEhrlichia spp. have been reported to from North Americ&*; however, to our knowledgek:

cause disease in cows, sheep, dogs, horses, and heanis-like DNA has not previously been amplified and se-
man beings, the role of any specifithrlichia spp. as a quenced from cat blood or tissues. The purpose of this re-
pathogen in cats remains less clearly defired’he 1st port was to describe the clinicopathologic, serologic, and
evidence for naturally occurring ehrlichiosis in cats wasmolecular findings in 3 cats that were naturally infected
provided in 1986 by Charpentier and Groulade in France.with anE canis-like organism. Because these cats represent
Ehrlichiosis in cats was subsequently reported in 1989 bythe 1st cases of canis-like infection in North America
Buoro et at when they described intracytoplasmic inclu- identified on a molecular basis, a brief history reflecting the
sions in monocytes and lymphocytes derived from 3 catslinical complexity of each case will be provided.
in Kenya. By both light and electron microscopy, the in-
clusions were morphologically similar &hrlichia sp.mor-
ulae, as observed on blood smears obtained from other an-
imals. Subsequently, morulae were described in stained
blood smears obtained from cats in the United States,
France, Brazil®@ and Swedef.To date, noEhrlichia spp. The accurate diagnosis of an infectious disease relies on the clini-
has been cultured from the blood of a cat; however, Bjoerscian’s evaluation of the patient’s history, a physical examination, and
dorff et aP amplified and sequenced 16S rDNA from an clinicopathqlogic apnormalities, in conjunction with supportive cli-
EDTA anticoagulated blood sample obtained from a 14_nopatholog|c data'(lsolatlon, ;erology, or molecular testmg).. Because
month-old shorthaired cat from Sweden that was 100‘V0ur efforts to provide serologic corroboration supportganis in-

identical t . d . | totroBlwlichi ection in these 3 cats were problematic (ie, we were unable to detect
: en' Ical to canine an eq'ume granulocytotroplwlichia E canis-specific antibodies), additional research studies were initiated
strains from the same region.

- . . ) in conjunction with the evaluation of these cats in an attempt to val-
Antibodies toE canis antigens have been detected by jgate serologic testing foE canis infection in cats. Each serum was
indirect immunofluorescent antibody testing in cat seratested againsE canis (strain Florida) antigens by methods previously
describe® but was modified by the substitution of goat anti-feline
immunoglobulin G (IgG) fluorescein isothiocyanate (FITC) at a dilu-
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tion of 1:200 for goat anti-canine 1gG FITCEhrlichia canis was
propagated in vitro in 030 or DH82 canine cell lines as described
previously*? Infected cultures were harvested when 80-100% of the
cells were infected, and cell suspensions were affixed to 30-well Tef-
lon-coated slides.The conjugate of cats was known to be reactive
with other antigen preparations routinely used for indirect fluorescent
antibody (IFA) testing in the North Carolina State University, College
of Veterinary Medicine, Vector Borne Diseases Diagnostic Laboratory
(NCSU-CVM-VBDDL). In an effort to find an appropriate positive
control sample, 28 sera from cats were provided by the Colorado State
University (CSA; source, M. Lappin). Serum from an uninfected cat
was used as a negative control, but a positive control has yet to be
identified in our laboratory. An additional 32 clinical accessions re-
ceived by the NCSU-CVM-VBDDL from cats with clinical signs sug-
gestive of ehrlichiosis and sera from the 3 cats described in this report
were tested again& canis antigens, as described above.



Ehrlichia canis in Cats 643

DNA Extraction shifting leg lameness involving the front and rear legs, sug-
gesting bone or joint pain. There was mild rear limb muscle
atrophy and swelling in the ventral neck region. An oph-
thalmic examination did not identify fundic lesions. A neu-
rologic examination revealed asymmetrical rear limb weak-
ness, with tremors and apparent pain on muscle palpation.
There was a neutrophilic leukocytosis (segmented neutro-
Initially, polymerase chain reaction (PCR) testing was performedphils, 47,1424L), without a left shift. Creatine kinase was
with Ehrlichia genus-specific primers as previously descrifééTo normal (33 IU/L; reference range, 26—243 1U/L). Serologic
increase sensitivity and to obtain a larger amplicon for gene sequencgast results for toxoplasmosis, coronavirus, feline immu-
analysis, a modifiedhrlichia genus PCR was developed as follows: nodeficiency virus (FIV), and feline leukemia virus (FeLV)
Ehrlichia genus PCR was performed in a pQ-reaction volume con- : e . .
taining 10 pL DNA template, 200nM (each) deoxyadenosine tri- W.ere negatlve.. Thoracic radiographs showed a SUbtle. Inter-
phosphate (dATP), deoxycytosine triphosphate (dCTP), and deoxy_Stltlal pattern in the dorsocqudal lung lobes and a slightly
guanosine triphosphate (dGTP); 25 pmol of primers designated Eccenlarged heart. The abdominal ultrasound was unremark-
mod (3-AGAACGAACGCTGGCGGCAAG-3) and HE3-Rmod (5 able, and an echocardiogram did not detect vegetative le-
CTTCTATAGGTACCGTCATTATCTTCCCTATTG-3); 2 mM MgCl,; sions on the mitral or aortic valves. A urine culture failed
and 1.25 U of AmpliTag Gold.Amplifications were performed in a to grow bacteria. No spinal column abnormalities were
Techne Progerieas follows: 7 minutes at 98, followed by 45 cycles  found on abdominal radiographs. The lumbar cerebrospinal
with 45 seconds of denaturation at*@5and 45 seconds at %2 flyid was normal, except for a mild increase in protein (52.5
CuItur_e—grqunE canis was used as a positive control. PCR products mg/dL; reference range, 1-45 mg/dL). A serum cryptococ-
were identified by ethidium bromide on a 1% agarose gel. cal antigen test was positive (reciprocal titer, 256), whereas
Culture-grownE canis was used as a positive control. PCR products the same test performed on cerebrospinal fluid was nega-
(400 bp in size) were identified by ethidium bromide staining after . . : .
electrophoresis in a 1% agarose gel. tive, _and a fopal_sne of cryptococcal mfgctlon was never
localized. Aspiration cytology of the left stifle and the right
and left tarsal joints confirmed neutrophilic polyarthritis.
Antibodies were detected to nuclear antigens on 2 separate
Ehrlichia genus PCR products were cloned into the pCR2.1 cloningoccasions (reciprocal antinuclear antibody [ANA] titers,
vector, and theée coli TOP10 strain was transformed by the supplier's 160 and 80) during hospitalization. Because of the positive
protocol® Recombinants were selected by the blue-white color of °°"cryptococcus antigen test, the cat was treated with flucon-
onies, and plasmid DNA from several clones was isolated with theazole 50 mg PO ql12h for 2 months. On July 20, 1998,

QIAprep Plasmid Kit.Recombinant plasmid DNA was sequenced bi- reciprocal titers to cryptococcus and antinuclear antigens
directionally with infrared fluorescently labeled primers M13R-700 P yp 9

(5'-CAGGAAACAGCTATGACCATG) and T7-800 (5TAATAC- were 64 and_80, re_spectively. After fIL_JconazoIe treatment,
GACTCACTATAGGGCGA) with the Sequitherm EXCEL Il DNA the cat remained C|Inlca”y normal until Shortly before the
Sequencing Kit-LC as recommended by the suppligre sequencing 2nd referral.
reaction conditions were as follows: 2 minutes at®2followed by On May 12, 2000, the cat was again referred to the
30 amplification cycles (30 seconds af@215 seconds at 36, and ~ NCSU-VTH for the evaluation of unilateral conjunctivitis,
30 seconds at 7€). The sequencing reactions were analyzed by poly-severe lethargy, anorexia, an occasional cough, and a fever
acrylamide gel electrophoresis (3.75%) on a LI-COR 4200 automatec(recta| temperature, 4PQ) of 2 weeks’ duration. Before
DNA sequencef. referral, these signs were poorly responsive to treatment
o with amoxicillin, enrofloxacin, and fluids. Despite a nega-
Case Descriptions and Results tive cryptococcal antigen test result, fluconazole 50 mg PO
Cat 1 gl2h was begun on May 11, 2000, after which the cat again
developed ventral neck swelling, salivation, and difficulty
Historically, this male castrated domestic shorthaired cabreathing. The administration of dexamethasone 10 mg IV
was rescued by the owners as a stray kitten. He wa@duced resolution of the swelling in the ventral neck re-
whelped and remained feral in the wooded natural area adgion. At presentation, the cat weighed 5.4 kg. Physical ex-
jacent to the house. The owner did not recall finding ticksamination abnormalities included fever (rectal temperature,
or fleas on the cat, which was subsequently maintained a41.05C), tachycardia (210 bpm), and a 2/6 apical systolic
a predominantly indoor pet with supervised walks in aheart murmur with a gallop rhythm. The gait was stilted
fenced backyard. In June 1998, at approximately 1 year o&nd short strided, and the cat preferred to remain recumbent
age, the cat developed an acute illness, characterized uring the examination. There was moderate effusion in
anorexia, lethargy, fever (40G), joint pain, and prolapse both stifle joints. A complete neurologic examination failed
of the left 3rd eyelid. After 2 weeks of medical therapy, to detect abnormalities. Radiographs of the right and left
including antibiotics (enrofloxacin and clindamycin), cor- stifles showed joint mice bilaterally. Chemosis and protru-
ticosteroids, and SC fluids, which failed to induce remissionsion of the left 3rd eyelid resolved spontaneously and then
of the clinical signs, the cat was referred to the NCSU Vet-temporarily occurred in the right eye; this was presump-
erinary Teaching Hospital (NCSU-VTH) for additional tively associated with herpes virus infection. The right ret-
evaluation. At presentation, the cat was febrile (30)2 ina contained a small elliptic hyperreflexive lesion, consis-
reluctant to stand and lame, with pain in both rear legstent with taurine deficiency; the plasma taurine concentra-
When forced to stand, the cat would carry the left rear legtion was normal (79 nmol/mL; reference range, 60-120
Subsequently, during hospitalization, the cat developed amol/mL). Conjunctival cytology showed neutrophilic in-

With a commercially available QIAmp Blood KitDNA was ex-
tracted from 200uL of EDTA anticoagulated whole blood that had
been stored frozen at80°C according to the manufacturer’s protocol.

Polymerase Chain Reaction Amplification

Cloning and Sequencing
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flammation with epithelial hyperplasia; however, culturesDuring this time, no joint distention was discernible, the
failed to isolateMycoplasma spp., Calicivirus, or herpes- repeat joint fluid cytology remained normal, and the pred-
virus |. Mild cardiomegaly was again noted on thoracic nisone dose was gradually tapered. Six weeks after dis-
radiographs. By echocardiography, there was increased leftharge, the PCR results became available. PCR amplifica-
ventricular contractility but no evidence of cardiomyopathy. tion failed to detecBartonella spp. DNA; howeverkE can-
Laboratory abnormalities included a neutrophilic leukocy-is-like DNA was amplified and subsequently sequenced
tosis with a left shift (segmented neutrophils, 39,130/ from an EDTA blood sample obtained on May 15, 2000.
band neutrophils, 2,58QL), moderate neutrophil toxicity, E canis-like DNA was later amplified from EDTA blood
and mild hyperglycemia (serum glucose, 156 mg/dl==n samples obtained on August 28 and October 30, 2000, dur-
72-144 mg/dL). Platelet numbers could not be counted (ining which time the cat was being treated with prednisone
cluding an attempted manual platelet count) because of exenly (2.5 mg g24h). After the October 30 PCR resut (
cessive platelet clumping on this and several subsequemianis DNA still detectable) became available, corticoste-
CBCs. Both stifle joints contained moderate numbers ofroids were discontinued, and doxycycline (25 mg q12h for
nondegenerate neutrophils. Cultures of the joint fluid failed3 weeks) was begun on November 21. On January 8 and
to grow bacteriaMycoplasma spp., or fungal organisms. April 25, 2001, PCR amplification failed to detegfrlichia
ANAs were again detected at a reciprocal titer of 320.DNA. During this time, 2 CBCs, a serum biochemical pro-
Toxoplasma gondii (immunoglobulin M [IgM] and IgG an-  file, and a urinalysis were unremarkable, and ANAs were
tibodies), Bartonella henselae 1gG, FIV/FeLV enzyme- no longer detectable. Between May 2000 and April 2001,
linked immunosorbent assay (ELISA), and heartworm an-the cat gained 1.7 kg, and there were no additional reports
tigen and antibody tests were negative. Urine-specific gravef illness through December 2001. In early January 2002,
ity was 1.014 with a 3 protein reaction on a urine dip- the cat developed febrile illness accompanied by lethargy
stick. The urine protein : creatinine ratio was normal (0.34;and lameness. Three months later, the cat was again referred
normal,<0.8), and the urine culture failed to grow bacteria. to the NCSU-VTH, at which time there was mild neutro-
Cryptococcal capsular antigen testing results with bothphilic polyarthritis, a sinus bradycardia of undetermined or-
urine and serum samples were negative. igin, and retinal degeneration. The cat died within 12 hours

During the next 8 days of hospitalization, the cat lost 0.50f being placed on a ventilator, with a presumptive diag-
kg and had a persistent fever that was not responsive taosis of acute respiratory distress syndrome. EDTA anti-
fluconazole, butorphenol, azithromycin, amoxicillin 1V, or, coagulated blood samples were not obtained before starting
eventually, imipenem. The cat’s appetite remained poor, butdoxycycline therapy, and subsequent attempts to amilify
it improved on those days when carprofen was adminiscanis by PCR from posttreatment samples were not suc-
tered. There was no change in the character of the headessful. Postmortem examination diagnoses included mod-
murmur. The cat developed a progressive nonregenerativerate to marked neutrophilic and histiocytic myocarditis
anemia (PCV decreased from 41% before referral to 22%jyvith focal myocardial fibrosis; diffuse, severe neutrophilic
and a profound left shift (on hospital day 8, the segmentednd histiocytic pneumonia; multifocal, lymphoplasmacytic
neutrophil count was 26,000L with 17,000 band neutro- interstitial nephritis; and multifocal lymphoplasmacytic
phils/juL and 3,700 immature granulocyted/, with mod-  pancreatitis with focal nodular hyperplasia. Although an in-
erate neutrophil toxicity and atypical neutrophil segmenta-fectious etiology was suspected, no organisms were ob-
tion). served.

On hospital day 10, EDTA anticoagulated blood was
submitted forEhrlichia and Bartonella PCR. Fluconazole, Cat 2
azithromycin, amoxicillin, and carprofen were discontin-
ued. Imipenem was continued, and doxycycline and dexa- A 1l-year-old spayed female lynx-point Siamese cross-
methasone were begun. Appetite increased, and fever artlited cat (3.0 kg) was referred to the Ontario Veterinary
joint pain resolved. On hospital day 14, the PCV was 18%,College, Guelph, Canada, on March 31, 2000, for the eval-
the aggregate reticulocyte count by flow cytometry wasuation of inappetence, lethargy, and lymphadenopathy of 2
3.3%, and the segmented neutrophil count was 35p428/ days’ duration. The cat was obtained as a kitten by the
with 6,032 band neutrophilsl, 464 immature granulo- owner from a private source, and she had traveled exten-
cytesfrL, 2,320 monocytegllL, and 464 reactive lympho- sively with the owner in eastern Canada. The owner, a vet-
cytesfrL. Despite continued clinical improvement, there erinarian, reported that popliteal lymphadenopathy had
was an abrupt increase in alanine aminotransferase activitgeen present since the cat was obtained. Physical exami-
(1,634 IU/L; reference range, 5-134 IU/L). The ultrasono-nation abnormalities included moderate peripheral lymph-
graphic appearance of the liver was normal. The degree cddenopathy and fever (rectal temperature, Q.1
neutrophilic inflammation was markedly improved in both [106.0°F]). The CBC on admission showed severe pancy-
stifle joints. The cat remained stable and was dischargetbpenia. The hematocrit was 17% with no evidence of re-
from the hospital 2 days later, with instructions to admin- ticulocytosis, the segmented neutrophil count wag.b0/
ister prednisone 5 mg PO q12h for 21 days, doxycyclinethe band neutrophil count was 4@/, and the platelet count
25 mg PO gl12h for a total duration of 21 days, and imi-was 36,00Q4L. The platelet count on day 3 was1,000/
penem 25 mg SC ql2h for a total duration of 14 days. pL. Bone marrow aspiration and core biopsies showed

Recheck examinations at 1, 3, and 7 weeks postdischargmearked erythroid and megakaryocytic hypoplasia and my-
revealed a continued improvement in clinical status and aloid hyperplasia with a marked left shift, consistent with
total resolution of all CBC and biochemical abnormalities. either myelodysplasia or myeloid leukemia. Bone marrow
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biopsy results were also consistent with recovery from my-unremarkable. The cat was treated in a manner similar to
elosuppression, but this differential consideration was nothat in the 1st presentation. The fever resolved on day 4,
supported by the clinical history. Lymph node cytology and neutrophil and platelet counts were increasing, but still
showed reactive hyperplasia. Serum was reactive with nutow, on day 6 when the cat was discharged with instructions
clear antigens (reciprocal ANA titer, 320). A serum chem-to administer doxycycline 12.5 mg g12h in the event there
istry profile and a urinalysis were unremarkable. Microbialwas an undetected ehrlichial infection. Cyclophosphamide
cultures of blood, bone marrow, and urine failed to grow (12.5 mg; 4 days on, 3 days off) was added to the treatment
bacteria. ELISA test results for FeLV/FIV were negative, regimen of prednisone and cyclosporine to enhance the de-
and FeLV was not detected in the bone marrow by IFAgree of immunosuppression. The cat was clinically normal
testing. Antibodies were not detected Bohenselae or E~ when rechecked 1 week later; the hematocrit was 22%, the
canis antigens by IFA testing. PCR amplification failed to neutrophil count was 6,780L, and the platelet count was
yield Ehrlichia genus orHemobartonella felis DNA. Tho- ~ 400,0004L. The reciprocal ANA titer was 160. At this
racic radiographs showed sternal lymphadenopathy. Abtime, by means of modifie&hrlichia genus PCR primers,
dominal ultrasound showed splenomegaly. The cat wag& canis-like DNA was amplified and sequenced by the
treated with packed red cell and fresh whole-blood transNCSU-CVM-VBDDL from an EDTA blood sample ar-
fusions and with ampicillin and enrofloxacin for a pre- chived from the initial presentation.
sumptive diagnosis of sepsis secondary to severe neutro- Over the next 2 months, the cat remained healthy, the
penia. A tentative diagnosis was made of immune-mediatetiematocrit stabilized at approximately 35%, and the platelet
myelodysplasia (immune-mediated myeloid maturation ar<counts remained normal, but once again, the neutrophil
rest with ineffective myelopoiesis), and the cat was treateccount fell from the previous peak during recovery from
with dexamethasone and cyclosporine. Fever resolved bynyelosuppression and remained low to low normal, with
day 4, segmental neutrophils were normal (8,429/by counts ranging from 740 to 2,730.. Cyclophosphamide
day 5, and platelets were normal (145,Q00/ by day 7, therapy was discontinued in the event that it was contrib-
at which time neutrophils peaked at 13,940/ The catwas  uting to neutropenia. Doxycycline, cyclosporine, and pred-
discharged with instructions to give enrofloxacin 15 mgnisone were continued. Over the next year, the hematocrit
g24h for 28 days, prednisone 10 mg g24h indefinitely, andanged from 35 to 42%, the platelets remained normal, and
cyclosporin indefinitely (dose adjusted to maintain a whole-the neutrophil counts ranged from 2,360 to 6,180&nd
blood concentration between 200 and 400 ng/mL). Bonewere usually normal. Further bone marrow evaluation was
marrow aspiration and core biopsies 1 month after dis-declined. The daily dose of prednisone was reduced to 10
charge showed normal to mildly increased cellularity, nor-mg in April 2001 and to 5 mg in July 2001. ANA titers
mal erythropoiesis and megakaryopoiesis, and persistememained positive, with reciprocal values of 640 in July,
mild myeloid left shift. The cat remained healthy until Oc- November, and December 20 canis-like DNA was not
tober, except for an additional episode of lymphadenopathyletected by PCR in July and November 2001. This finding
in June (lymph node cytology showed pyogranulomatousotwithstanding, the owner elected to continue doxycycline
inflammation), which resolved spontaneously. Betweentherapy as well as prednisone and cyclosporine. Multifocal
April and October, the hematocrit stabilized at approxi- dermatophytosis developed in April 2001, which has been
mately 34%, the platelet counts remained normal, and theuccessfully managed with lufenuron. The cat was other-
neutrophil counts varied from low to normal (1,280-5,610/wise healthy during this follow-up period and is clinically
wL). The daily dose of prednisone was increased to 15 mgiormal at the time of writing (April 2002).
in July, because the neutrophil count had decreased to
1,470fL. A reciprocal ANA titer in August was 320. Cat 3

On October 27, the cat again presented with an inappe-
tence of 2 days’ duration, a fever (rectal temperature, A 1-year-old-male neutered domestic shorthaired cat (3.9
41.7°C [106.0F]), peripheral lymphadenopathy, and pan- kg) was referred to the Ontario Veterinary College, Guelph,
cytopenia. The hematocrit on admission was 25% with noCanada, on October 17, 2000, for the evaluation of lethargy
evidence of reticulocytosis, the segmented neutrophil coundf 3 days’ duration. The cat was adopted as a stray by the
was 50/.L, and the band neutrophil count was g0/ The  present owner and traveled extensively with the owner in
platelet count on day 3 was 6,0QQ/. Bone marrow aspi- a long-distance transport truck in eastern Canada. Physical
ration and core biopsies showed similar, but less severggxamination abnormalities included pale mucous mem-
changes than the biopsies on 1st presentation. Colony-fornbranes that contained a few petechial hemorrhages. The rec-
ing unit granulocyte-macrophage assays were performed ital temperature was 386, the pulse was 180 bpm, and
an effort to distinguish between maturation arrest and my+the respiratory rate was 44 breaths/min. Fundic examination
eloid leukemia, but results were equivocal. There were intevealed bilateral retinal detachments, with accompanying
creased numbers of colonies compared to bone marrowubretinal fluid, suspected retinal tears, and vitreous hem-
cells from a normal cat in cultures established both withorrhage, which were presumptively related to anemic hyp-
and without a granulocyte-macrophage colony-stimulatingoxia and thrombocytopenia. On the day of admission and
factor. A serum chemistry profile showed hyperglobulin- before blood transfusion, the Doppler systolic blood pres-
emia (6.9 mg/dL; reference range, 2.8-5.2 mg/dL), whichsure was 125 mmHg. The cat was blind in 1 eye and had
was determined by electrophoresis to be due to increaseahinimal vision in the other. There was a grade IlI-IV/VI
alpha globulins and polyclonal gammopathy. Lymph nodesystolic heart murmur and radiographic and ultrasonograph-
cytology showed plasma cell hyperplasia. Urinalysis wasic evidence of cardiomegaly, both of which were presump-
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tively associated with severe anemia. CBC abnormalitie2002 was 80Ehrlichia PCR was negative for samples ob-
included severe nonregenerative anemia (hematocrit, 6%gained in January, March, October, and November 2001.
reticulocyte count, 0%) and severe thrombocytopenialhis finding notwithstanding, the owner elected to continue
(platelet count, 2,00QL). A Coombs’ test was negative. doxycycline therapy, because the withdrawal of the anti-
The segmented neutrophil count was 5,900/with no  biotic in March and December 2001 was associated with a
band neutrophils reported on the differential cell count. Areported decrease in activity. The cat was otherwise healthy
cytologic examination of an aspiration bone marrow biopsyduring this follow-up period and is clinically normal at the
and a histologic examination of a core bone marrow biopsytime of writing (April 2002), except for persistent visual
were both indicative of marked erythroid and megakaryo-deficits.

cytic hypoplasia. There was a synchronous development of

the myeloid series. The serum erythropoietin concentration Results

was 600 mlU/mL (reference range, 1-15 miU/mL, assay
performed by the Hematology Laboratory, University of
Pennsylvania). Serum was reactive with nuclear antigens Serum samples from the 3 cats described in this manu-
(reciprocal ANA titer, 160). ELISA test results for FeLV/ script were tested at the NCSU, and multiple samples from
FIV were negative. PCR amplification failed to yield FeLV cat 1 and a sample from cat 2 were tested at the CSU for
in the bone marrow ol felis DNA in the blood. Antibodies  seroreactivity toE canis antigens. Titers were<1:16 on
were not detected tB canis antigens by IFA testing. Serum all sampling dates in both laboratories. Of the 32 cats that
chemistries and abdominal radiographs were unremarkablevere tested since 1995 in the NCSU-VBDDL, seroreactiv-
A tentative diagnosis was made of immune-mediated eryity was not detected t& canis whole-organism antigens by
throid and megakaryocytic hypoplasia. Initial treatmentIFA. Of the 28 serum samples from cats provided by the
consisted of the transfusion of 1 U of fresh whole blood CSU, 5 of 28 tested positive by the CSU, and 1 tested
(60 mL/U) and prednisone 12.5 mg g24h. The hematocrifpositive by the VBDDL. Each of these cats had titers
increased from 6 to 13% after the transfusion. CyclosporinagainstAnaplasma phagocytophilia (previously Ehrlichia
(dosage adjusted to maintain a whole-blood concentratiophagocytophilia, Ehrlichia equi, or human granulocytic
between 200 and 400 ng/mL) and doxycycline 25 mg g24hehrlichiosis), suggesting exposure # phagocytophilia
(2-week course) were added to the treatment regimen. Onether than exposure t canis.

week later, the hematocrit had decreased to 6%, the platelet

count was 4,00@/L, and another unit of blood was admin- PCR Amplification and DNA Sequencing

istered by transfusion. With 2 different 16S rDNAEhrlichia genus primer sets,

to ?%rézgogl&iogﬁ\év'tﬂger\]’v;zﬁ”t;ee dFi)rlﬁf)etlE; (;g?er;te'nnccgergﬁeg amplicons of the anticipated size were obtained from EDTA
L 9€hlood samples derived from all 3 cats. Subsequently, one

over the next 2 weeks. However, 2 additional transfusmni68 rDNA Ehrlichia genus amplicon obtained from each

of fresh whole blood were given, 1 week apart, because o e . : .
persistent anemia (hematocrit, 11-13%). Neither of thesit, which includes the variable region of the 16S ribosomal

Microimmunofluorescent Antibody Test

transfusions increased the posttransfusion hematocri NA (TRNA) gene forEhrlichia spp., was cloned and se-

. . uenced. The resulting sequences were identical to each
which was perhaps due to extrava;cular heT“O'VS'S* becau her and were 100% (382 of 382 nucleotide positions) sim-
there were no signs of a transfusion reaction, and the cq

did not become icteric. Cyclophosphamide (12.5 mg: 4 day ar to the sequence of a Venezuela canine isolate @nis
on, 3 days off) was added on November 6 to intensify the GenBank accession number AF373613). The sequences

. . . - . —derived from the cats also had 99% homologyEt@anis,
immunosuppression due to persistent anemia, after whic

there was evidence of regeneration within 1 week. Anemi lorida strain (M73226), an& canis, Oklahoma strain

and cardiomegaly resolved during the next momirlich- a(M73221), with the difference being a guanine rather than

. X .an adenine at nucleotide position 199. Subsequently, at-
la PCR results became avaﬂab_le on December 7, at Wh'cﬁempts to amplifyEhrlichia DNA from 90 stored EDTA
time CBC cell values were within reference rangesan-

is-like DNA was amplified and sequenced from an EDTA blood samples from cats with undefined diseases or from

- additional clinical accessions of cats sent to the NCSU-
blood_samplg colllected n Oqtot_)er ZOOO'TO ensure thg ther\'/BDDL originating from North America have not been
apeutic elimination of ehrlichial infection, doxycycline

theranv was reinitiated at a dose of 25 ma ai2h for 4successful. However, identic& canis DNA sequences
Py 94 -, were subsequently detected in the blood of 2 cats from
weeks. One month later, serum was tested for ANAS; th

- - - ran Beaufils and Breitschwerdt, personal communica-
reciprocal titer was 160. The hematocrit and platelet num- ance (Beaufils and Breitschwerdt, personal communica

bers were normal, but neutropenia had developed (8190/ tion).
Neutropenia was attributed to cyclophosphamide therapy,
which was discontinued. Doxycycline, cyclosporine, and
prednisone were continued. Over the next 14 months, the Infection with anE canis-like organism was confirmed
hematocrit ranged from 30 to 44%, the platelet numbersn the 3 cats in this report by PCR amplification of the
remained within the reference range, and the neutrophiVariable portion of the 16S rRNA gene from an EDTA
counts ranged from 920 to 4,18Q/. Further bone marrow anticoagulated blood sample, after which the respective am-
evaluation was declined. The daily dose of prednisone varplicons were cloned and sequenced. All 3 DNA sequences
ied from 5 to 10 mg. ANA titers in April and November were identical to each other and were 100% similar to a
2001 were negative, but the reciprocal titer in Februarycanine isolate ofE canis (GenBank accession number

Discussion
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AF373613). Attempts to amplify the entire 16S rRNA gene in the blood sample. In addition, a negative PCR result will
(approximately 1,400 bases) were not successful because oéver eliminate the possibility that this cat was chronically
technical limitations associated with small quantitiesEof or recurrently infected with arfE canis-like organism.E
canis-like template DNA in the blood samples of the cats. canis-like DNA was retrospectively amplified from an
A retrospective attempt to isolate an organism in tissue culEDTA blood sample from cat 2 that was stored frozen in
ture from a small quantity of stored blood from cat 1 was Guelph 6 months earlier, along with serum that was sub-
not successful. This is not unexpected, because the isolatiamitted for E canis IFA testing. Becaus& canis antibodies
of E canis from naturally infected dogs under optimal con- were not detected, PCR was not performed until there was
ditions is rarely successful. On the basis of the currentlydisease recurrence. Therefore, before PCR diagnosis, cats
availableEhrlichia 16S rDNA sequences in GenBank (ie, 1 and 2 were each examined at a university teaching hos-
the region of the 16S rRNA gene containing phylogeneti-pital 2 years or 6 months earlier, respectively. Despite se-
cally relevant information), the sequences obtained fromvere anemia with associated cardiac hypertrophy, cat 3 pre-
these cats would be consistent wittanis infection. How-  sented with only mildly decreased activity and appetite,
ever, it should be noted that 2 of these cats reside in a regioagain suggestive of chronic compensated anemia. In all 3
of Canada in whicte canis infection is considered uncom- cats, an infectious cause was suspected, but extensive
mon in dogs. Although tick infestation was not reported screening for other infectious diseases, including FIV,
historically, all 3 cats had ample opportunity for exposureFeLV, toxoplasmosis, bartonellosis, and hemobartonellosis,
to a variety of insect vectors. Two of the cats in this reportwere negative, with the exception of a positive cryptococcal
were adopted as strays, and the 3rd cat traveled extensiventigen test in cat 1.
by truck with the owner throughout eastern Canada. There- At the time of disease onset, cats 2 and 3 were approx-
fore, it is possible that achrlichia genotype capable of imately 1 year of age. Although cat 1 was 3 years old, it
infecting cats with an identical partial 16S rDNA sequenceis possible that this cat was infected with Brcanis-like
homology toE canis may have evolved with different an- organism 2 years earlier, when evaluated for a very similar
tigenic properties (ie, lack of serologic cross-reactivity to pattern of disease manifestations. The Swedish cat reported
canine E canis antigens), as well as a nontick mode of by Bjoersdorff et & was 14 months old wheh equi (now
transmission. UntiE canis has been isolated in tissue cul- reclassified asA phagocytophilia) was amplified and se-
ture from cats and several isolates are available from disquenced from an EDTA blood sample. Recently, Lappin et
parate geographic regions for detailed genetic study, thal (personal communication) have identifi@dphagocyto-
molecular evidence presented in this study supporing philia infection detected by PCR amplification and DNA
canis-like infection in cats must be interpreted with cau- sequencing in 2 cats from Massachusetts that were 1 and 3
tion. years old. Collectively, these results suggest that clinical
For cat 1,E canis-like DNA was repeatedly amplified disease might be expected more frequently in young cats.
from EDTA blood samples that were collected and pro-However, these results do not preclude infection in older
cessed in the laboratory on 3 separate occasions during @ts or the possibility that PCR amplification Bifirlichia
4-month period. Samples from cats 2 and 3 were also proer Anaplasma spp. DNA from the blood of an older cat
cessed on different testing dates. In all instances, numerousight be a less sensitive diagnostic modality because of
other patient samples from dogs and cats, evaluated durinigwer quantities of target DNA for PCR amplification. Al-
the same period, as well as all negative controls yieldedhough imperfect because of less than optimal sensitivity,
negative PCR results. In addition, a new setBbflichia PCR, as used in these cats, illustrates the potential utility
genus PCR primers was introduced into the laboratory abf molecular diagnostic testing for the identification of in-
the time of the evaluation of cat 1 to obtain a larger segmentracellular pathogens in patients with complex and poorly
of 16S rDNA for sequencing purposes. Therefore, 2 differ-defined disease presentations.
ent Ehrlichia genus primers were used to independently On the basis of the diagnostic complexity of these pa-
amplify Ehrlichia DNA from the blood of these cats. Ul- tients, the concurrent use of doxycycline and immunosup-
timately, the newly developed primers have proven to bepressive drugs, the ultimately fatal outcome for cat 1, and
of enhanced sensitivity compared to previ@slichiage-  the long-term treatments employed in cats 2 and 3, it is
nus primers used in our laborato®t? This most probably  impossible to clearly ascribe the clinical abnormalities in
accounts for the initial negative PCR result in cat 2, which,these cats td& canis-like infection. With the exception of
on retesting of the same sample with the new primer setseroreactivity to nuclear antigens, an extensive array of di-
was PCR positive. Collectively, these factors decrease thagnostic tests failed to implicate another specific cause for
potential that the PCR results reported in this study mightthe clinical or laboratory abnormalities in these cats. As
reflect laboratory contamination with PCR amplicons. with dogs havinge canis infections, cats may not develop
All 3 cats in this report appear to represent chroBic disease manifestations or may experience only a mild ill-
canis-like infections. We were unable to retrospectively ness after the initial infection. The predominant clinical ab-
amplify E canis DNA from a stored EDTA blood sample normality in cat 1 was neutrophilic polyarthritis accompa-
from cat 1 obtained during the initial evaluation in 1998, nied by fever, which in dogs has been most frequently as-
despite a very similar clinical presentation, compared to thesociated withEhrlichia ewingii infection41> Neutrophilic
May 12, 2000, presentation, whéhcanis DNA was am-  polyarthritis was confirmed by cytologic analysis of joint
plified. However, cat 1 was treated with enrofloxacin for atfluid at both 1 and 3 years of age. In a previous study, there
least 2 weeks before obtaining the 1998 sample, whictwas an epidemiologic association between polyarthritis in
would most probably decrease or eliminate template DNAcats ancE canis antibody detectiof.Other nonspecific clin-



648 Breitschwerdt et al

ical abnormalities, including lethargy, anorexia, conjuncti- The failure to detecE canis antibodies in the serum
vitis, swelling in the ventral neck region, and mild intersti- samples obtained from the cats in this study at multiple
tial lung disease, were reported in these cats, all of whichimes renders questionable the routine use of serology to
can be observed in association with canine ehrlichigsis.  implicate exposure to or infection with canis. It is pos-
CBC abnormalities (pancytopenia in cat 2 and anemissible that cats infected witk canis are immunologically
and thrombocytopenia in cat 3) accompanied by hypoplasanergic. Alternatively, theE canis-like strains infecting
tic changes in the bone marrow are also found in some dogthese cats may be antigenically different from theanis
with ehrlichiosist* Of substantial prognostic importance, strain (Florida) used in our laboratory for IFA testing; there-
myeloid leukemia or myelodysplasia was considered a pofore, antibodies were not detected. However, serum from 2
tential differential diagnosis for cat 2. Myeloid leukemia of these cats was also negative at the CSU when a different
and normal early myeloid expansion in response to an imE canis strain for IFA testing was used. More work is cer-
mune-mediated maturation arrest may result in similar boneainly warranted to attempt to validate a serologic test for
marrow findings, because both conditions are characterizethe diagnosis oE canis infection in cats. Until a validated
by the proliferation of blastlike cells. Given the historically serologic test is available, PCR amplification Etirlichia
poor prognosis associated with leukemia or myelodysplasid)NA from EDTA blood samples can be used in an effort
which is generally associated with FeLV infection, and theto confirm a diagnosis. Although more sensitive than cul-
potentially good prognosis associated with the immune-meture, a negative PCR result would not rule out a diagnosis
diated maturation arrest, the decision was made to treat foof Ehrlichia spp. infection. To optimize the chances of de-
the more likely responsive condition. Although myeloid tecting ehrlichial DNA in patient blood samples, it is crit-
leukemia has not been definitively ruled out, the positiveically important to obtain the EDTA blood sample for di-
ANA titer and long-term response to doxycycline and im- agnostic testing before the initiation of antibiotics. Obtain-
munosuppression are supportive of an immune-mediatethg samples before treatment would also facilitate a suc-
disorder. In dogs and humans, bone marrow cytopathologgessful isolation oEhrlichia spp. in tissue culture, which
in patients with ehrlichiosis can vary substantially, partic-is a critically important need in order to clarify those spe-
ularly in relation to the duration of infection before sam- cies that can infect cats. Although definitive studies in cats
pling. 4718 The mechanisms by which ehrlichial organisms are not available, the treatment of dogs with an antibiotic
induce changes in the bone marrow, particularly hypoplasiauch as enrofloxacin, as was used in cat 1 before the initial
or myelofibrosis, remain poorly understood. The extent toreferral, will decrease the concentration of ehrlichemia be-
which immunosuppression should be used concurrentlyow the level of PCR detection without eliminatifgcanis
with doxycycline wherE canis-like infection is suspected infection??
in cats remains unclear; however, ehrlichial infection should Although the duration and dose of doxycycline that will
be considered a differential diagnosis in cats with boneresult in the therapeutic elimination & canis in dogs re-
marrow hypoplasia, particularly when accompanied by dysimain somewhat controversial, data from treatment trials in-
plastic changes. volving experimentally or naturally infected dogs suggest
ANAs were detected in the serum of all 3 cats on mul-that 3 weeks of doxycycline at a dosage regimen of 5 mg/
tiple occasions in the immunology laboratories at NCSUkg q12h should result in therapeutic elimination in most
and Guelph, respectively. In addition, when retested atlogs!?23-2> On the basis of clinical response, the partial
NCSU, the serum of cats 2 and 3 were again reactive tmormalization of CBC abnormalities, and the failure to de-
antinuclear antigens. In cats 1 and 2, the attending clinicianect DNA by PCR in posttreatment EDTA blood samples,
requested an ANA titer as a component of the initial di- doxycycline does appear to be effective for the therapeutic
agnostic evaluation. In cat 1, ANAs were found severalelimination of E canis-like infection in cats. Of potential
times during the initial and subsequent evaluations, butherapeutic importance, cat 1 remained PCR positiveefor
ANAs were no longer detected after the presumptive (oncanis DNA on 2 additional occasions, spanning nearly 4
the basis of the negative PCR amplificationEfrlichia ~ months, while receiving corticosteroids. After the cessation
DNA) therapeutic elimination oE canis-like infection. In  of corticosteroids and 3 weeks of doxycycline, we were
cat 3, the test was performed retrospectively, becausanable to deteckE canis DNA on 2 subsequent occasions,
ANAs had been previously detected in cats 1 and 2. Induring which time the cat remained healthy without CBC
contrast to persistent seroreactivity to antinuclear antigenabnormalities. The cause of fatal illness in cat 1 after a 16-
in cat 2, concurrent treatment with doxycycline and im- month disease-free interval remains unresolved but may
munosuppression resulted in decreased ANA titers in cat 3suggest treatment failure or coinfection with other known
The extent to which ANA testing has been validated foror unknown pathogens, as has been reported in dogs in-
use in cats is unclear. However, there is increasing evidenckected with E canis.*2131¢ Despite negative posttreatment
from human medicine that ANAs can be detected in pa-PCR results, the owners were reluctant to stop either doxy-
tients with chronic bacterial infectio&2° which perhaps cycline or immunosuppressive drug therapy for cats 2
include infections caused by intracellular pathogens, sucland 3.
asEhrlichia spp?* Although the detection of ANAs is con- On the basis of the data that can be derived from the 3
sistent with a clinical diagnosis of systemic lupus erythe-cats in this report, a differential diagnosis of ehrlichiosis in
matosus, this study shows that autoantibodies elicited bgats due to arft canis-like infection should be considered
exposure to the epitopes of infectious agents as well ag young cats with a fever of unknown origin, polyarthritis,
other possibilities should be considered in patients with anhyperglobulinemia, the plasma cell infiltration of lymph
tibody reactivity to nuclear antigens. nodes, or unexplained cytopenias accompanied by bone
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