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Cardiac arrhythmias, endocarditis, or myocarditis was identified in 12 dogs, of which 11 were seroreactive
to Bartonella vinsonii subspecies berkhoffii antigens. Historical abnormalities were highly variable but fre-
quently included substantial weight loss, syncope, collapse, or sudden death. Fever was an infrequently
detected abnormality. Cardiac disease was diagnosed following an illness of short duration in most dogs, but
a protracted illness of at least 6 months’ duration was reported for four dogs. Valvular endocarditis was
diagnosed echocardiographically or histologically in eight dogs, two of which also had moderate to severe
multifocal myocarditis. Four dogs lacking definitive evidence of endocarditis were included because of sero-
reactivity to B. vinsonii antigens and uncharacterized heart murmurs and/or arrhythmias. Alpha proteobac-
teria were not isolated from the blood by either conventional or lysis centrifugation blood culture techniques.
Using PCR amplification and DNA sequencing of a portion of the 16S rRNA gene, B. vinsonii was identified in
the blood or heart valves of three dogs. DNA sequence alignment of PCR amplicons derived from blood or
tissue samples from seven dogs clustered among members of the alpha subdivision of the Proteobacteria and
suggested the possibility of involvement of one or more alpha proteobacteria; however, because of the limited
quantity of sequence, the genus could not be identified. Serologic or molecular evidence of coinfection with
tick-transmitted pathogens, including Ehrlichia canis, Babesia canis, Babesia gibsonii, or spotted fever group
rickettsiae, was obtained for seven dogs. We conclude that B. vinsonii subsp. berkhoffii and closely related
species of alpha proteobacteria are an important, previously unrecognized cause of arrhythmias, endocarditis,
myocarditis, syncope, and sudden death in dogs.

There is increasing evidence that Bartonella species and
other closely related members of the alpha subdivision of the
Proteobacteria are important cardiac pathogens in both dogs
and people. During 1993, Bartonella quintana (35), Bartonella
elizabethae (9), and Bartonella henselae (15) were identified for
the first time as causal agents of endocarditis in human pa-
tients. In 1993, our laboratory isolated from a dog with endo-
carditis a novel Bartonella subspecies (6) that was subsequently
designated Bartonella vinsonii subspecies berkhoffii (American
Type Culture Collection type strain 51672) (22). In 1997, a new
alpha-2 proteobacterium, provisionally designated Rasbo bac-
terium, was isolated from a chronically febrile patient with
pericardial effusion and clinical evidence of myocardial disease
(5). Because these organisms are highly fastidious, molecular
diagnosis by PCR amplification and direct sequencing, as re-
ported in recent studies of human endocarditis (references 13
and 19 and this study), may be necessary to confirm alpha-
proteobacterial infection. Based on these recent observations,
continued research efforts should be directed at clarifying the
role of alpha proteobacteria in cardiovascular disease in dogs,
man, and potentially other animal species.

Since its first association with endocarditis in 1993, Bar-
tonella infection has become known as an important cause of

culture-negative endocarditis in man (10, 19, 33, 36). Of mi-
crobiological and clinical importance, B. quintana or B.
henselae was ultimately identified as the cause of endocarditis
in nine human patients previously diagnosed with chlamydia
endocarditis by seroreactivity to Chlamydia antigens. It is now
known that Bartonella infection induces antibodies that cross-
react with Chlamydia species (33). Although Bartonella quin-
tana, which is transmitted by the human body louse, caused
epidemics of trench fever during World War I, the clinical
association of this fastidious organism with endocarditis was
not reported until nearly a century later. More recently, it has
been determined that B. quintana endocarditis can be associ-
ated with alcoholism, homelessness, and presumably body
louse infestations (10, 33, 37). B. henselae endocarditis can be
associated with cat contact, since cats throughout the world
serve as a major reservoir for B. henselae and Bartonella clar-
ridgeiae (21, 26, 33). Although a human pathogen, B. clarridge-
iae has not yet been associated with endocarditis (25).

Evolving evidence indicates that B. vinsonii is a potentially
important canine pathogen, and it has been implicated as a
cause of endocarditis (6), granulomatous lymphadenitis, and
granulomatous rhinitis (32). A seroepidemiological survey of
sick dogs from North Carolina and Virginia identified tick
exposure as a risk factor for the detection of B. vinsonii anti-
bodies (30). Compared to a seroprevalence of 3.6% in the
North Carolina State University Veterinary Teaching Hospital
population, B. vinsonii antibodies were found in 36% of dogs
that were seroreactive to Ehrlichia canis antigens, further sup-
porting the potential of tick transmission of B. vinsonii subsp.
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berkhoffii. Examination of sera from dogs experimentally in-
fected with Rickettsia rickettsii or E. canis did not identify
cross-reactivity to B. vinsonii antigens (32). In a more recent
prospective study of dogs from North Carolina naturally in-
fected with E. canis, Ehrlichia chaffeensis, Ehrlichia equi, and/or
Ehrlichia ewingii, serologic or molecular evidence of Bartonella
infection was detected in 7 of 12 animals (7). Based on these
observations, the extent to which coinfection with B. vinsonii
influences the pathophysiologic consequences of E. canis in-
fection in dogs deserves additional investigation.

The initial purpose of this study was to identify additional
cases of endocarditis caused by infection with B. vinsonii subsp.
berkhoffii in dogs. During the course of the investigation, de-
finitive molecular evidence of B. vinsonii subsp. berkhoffii in-
fection was obtained for three dogs. Unexpectedly, molecular
evidence of infection with one or more alpha proteobacteria
spp. was found in seven dogs. The remaining two dogs had
serologic evidence of Bartonella infection, but DNA could not
be amplified from blood or tissue samples.

MATERIALS AND METHODS

Dogs. Since definitive diagnostic criteria for Bartonella species infection in
dogs have not been established, inclusion in this study required electrocardio-
graphic evidence of arrhythmias or conduction defects, echocardiographic evi-
dence of endocarditis, or histopathologic evidence of endocarditis or myocardi-
tis. In addition, one or more of the following conditions had to be met: a
reciprocal indirect fluorescent antibody (IFA) antibody titer of $128 to B.
vinsonii antigens, culture of B. vinsonii from blood, or PCR amplification of DNA
from EDTA-treated blood samples or from tissues obtained at necropsy, using
primers originally designed to detect Bartonella species (4). Eleven dogs were
evaluated at North Carolina State University, and one dog was evaluated at the
University of Florida Veterinary Teaching Hospital.

Clinical and pathologic findings. The medical records of dogs meeting the
above inclusion criteria were reviewed by two authors (E.B.B. and C.E.A.).
Clinical, hematologic, serum biochemical, and urinalysis findings, available for all
dogs, were summarized. When requested by the attending clinician, blood coag-
ulation profiles, blood culture results, and all other ancillary diagnostic test
results were reviewed. Cardiovascular findings, including the electrocardiogram
and echocardiogram, were reviewed by a veterinary cardiologist (C.E.A.). His-
topathologic analysis of biopsy samples or tissues obtained at necropsy was
performed by a pathologist (T.T.B.).

Serology. When serologic testing for tick-transmitted diseases had not been
requested by the attending clinician and serum was stored in our research
laboratory, frozen samples from these dogs were analyzed by indirect fluorescent
antibody (IFA) testing for reactivity to B. vinsonii subsp. berkhoffii, E. canis,
Babesia canis, and R. rickettsii antigens, using previously published procedures (6,
7).

DNA extraction and sequencing. DNA was extracted from EDTA-treated
blood or fixed tissues as specimens became available during the investigation
period. DNA was extracted from 200 ml of stored, frozen (270°C), EDTA-
treated blood sample with phenol-chloroform after proteinase K digestion (27).
Cultured B. vinsonii was used as the positive control. PCR amplification of
Bartonella DNA was performed in a 100-ml reaction volume containing 1 mg of
DNA template, 0.2 mM each primer (Bh16SF [AGAGTTTGATCCTGGCTCA
G] and Bh16SR [CCGATAAATCTTTCTCCCTAA], and 1.25 U of Taq poly-
merase, using a previously described procedure (4). Amplification cycles in-
cluded denaturation at 95°C for 30 s, annealing at 54°C for 1 min, and chain
extension at 72°C for 45 s. This was repeated for 35 cycles and was followed by
a final chain extension at 72°C for 5 min. When the specimen was obtained by
necropsy or biopsy, PCR was performed to amplify a portion of the 16S rRNA
gene from formalin-fixed, paraffin-embedded heart valve tissue, myocardium, or
other tissues. In all instances, the DNA sequence of the amplicons was obtained
through the North Carolina State University DNA Sequencing Facility.

RESULTS

Dogs. The states of origin, signalments, approximate dates of
onset, durations of illness, historical abnormalities, and cardiac
abnormalities of animals in this study are summarized in Table
1. All dogs resided in North Carolina, South Carolina, or
Florida. Dogs ranged in age from 6 months to 12 years (median
age, 5.5 years), were predominantly male (9 of 12), and in-
cluded only medium or large breeds. Historical abnormalities
were highly variable but frequently included fever (n 5 5),

substantial weight loss (n 5 5), syncope or collapse (n 5 4),
vomiting or diarrhea (n 5 4), lameness (n 5 2), ataxia (n 5 3),
hemorrhage (n 5 2), and/or sudden death (n 5 2). In nearly all
instances, illness was severe, necessitating intensive care man-
agement and/or prolonged hospitalization or resulting in
death.

Cardiovascular findings. Clinical signs that were attribut-
able to the cardiovascular system included heart murmurs (n 5
6), syncope or collapse (n 5 4), heart failure (n 5 4), and
exercise intolerance (n 5 1). However, four dogs were pre-
sented for evaluation of abnormalities other than cardiac. At
the time of initial presentation, eight dogs were in sinus
rhythm, three had ventricular ectopy, and one had a complete
atrioventricular block. Dog 3 subsequently developed atrial
fibrillation. Endocarditis involved the aortic valve in four dogs,
the mitral valve in two dogs, and both the aortic and mitral
valves in two additional dogs. Based on echocardiographic
and/or postmortem findings, two dogs had preexisting aortic
stenosis.

Clinical and pathologic findings. Hematologic parameters
were highly variable, and frequently values were within labo-
ratory reference ranges (Table 2). Hematologic abnormalities
included anemia (hematocrit ,36%; n 5 6), thrombocytope-
nia (platelet count ,200,000/ml; n 5 5), and neutrophilia (seg-
mented neutrophil count .11,500/ml; n 5 10), rarely accom-
panied by a substantial left shift but occasionally accompanied
by mild neutrophil toxicity, monocytosis (monocyte count
.1,350/ml; n 5 7), and eosinophilia (eosinophil count .750/ml;
n 5 1). Antierythrocyte antibodies were detected in dog 8, the
only dog examined by Coombs’ testing. Of the three dogs
tested, antinuclear antibodies were detected only in dog 3
(reciprocal titer, 1,280). When present, hypoalbuminemia (se-
rum albumin ,2.8 g/dl; n 5 9 of 12) and hyperglobulinemia
(serum globulin .3.8 g/dl; n 5 8 of 12) were of mild to mod-
erate severity. With the exception of dog 4, in which there was
chronic renal failure secondary to chronic renal fibrosis, hy-
percreatinemia (serum creatinine .1.8 mg/dl; n 5 4) was usu-
ally associated with dehydration or decreased cardiac output
and resolved if initial therapeutic interventions were success-
ful. Four dogs were hyperglycemic (serum glucose .115 mg/
dl), presumably a function of severe systemic stress or bacte-
remia-induced hyperglycemia. Hemoglobinuria, proteinuria,
and bilirubinuria, as determined by urine dipstick quantitation
(trace to 41), were identified in 12 dogs.

Blood cultures and serology. Conventional blood cultures
from 10 dogs and lysis centrifugation blood cultures from 5
dogs failed to result in bacterial growth (Table 3).

Seroreactivity (reciprocal titers of $128) to B. vinsonii anti-
gens, as determined by IFA testing, was documented in 11 of
12 dogs (Table 3). There was also serologic evidence of expo-
sure to several other tick-transmitted pathogens. Seroreactivity
to spotted fever group rickettsiae was documented for four
dogs (reciprocal titers to R. rickettsii antigens, $64), seroreac-
tivity to E. canis was evident for three dogs (reciprocal titers,
$80), and seroreactivity to Babesia canis or Babesia gibsonii
was found for dogs 3 and 10 (reciprocal titers, $80). Babesia
canis organisms were observed on the blood smear of dog 10.
Dog 3 had a reciprocal titer to Babesia gibsonii antigens of 160,
and Babesia gibsonii DNA was subsequently amplified from a
stored EDTA-treated blood sample. Retrospectively, based on
DNA sequence similarity to Brucella canis (see below), stored
frozen sera from 10 of 12 dogs (available for all except dogs 4
and 10) were tested by rapid slide agglutination for antibodies
to Brucella canis antigens by Leland Carmichael, Cornell Uni-
versity. Brucella canis antibodies were not detected in any se-
rum sample.
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PCR and DNA sequencing. DNA obtained from stored
EDTA-treated blood samples or formalin-fixed, paraffin-em-
bedded heart valve, myocardium, or other tissue was amplified
by using 16S rRNA primers originally described as specific for

the genus Bartonella (4). PCR performed at low stringency
allowed amplification of a product of appropriate size (approx-
imately 185 bp) from the blood of seven dogs, the heart valve
or myocardium of five dogs, the kidney of one dog, and a

TABLE 1. Selected clinical findings in 12 dogs with cardiac abnormalities and evidence of alpha-proteobacterial infection

Dog
no. City of origin Signalmenta Referral date

(mo/yr)
Historical
durationb Historical abnormalitiesc Cardiac abnormalitiesd

1 Greensboro, N.C. 10-yr-old cocker
spaniel (F/S)

1/98 2 wks Intermittent lameness, lethargy,
anorexia, vomiting, collapse,
submandibular/axillary
lymphadenopathy

II/VI heart murmur; echo:
aortic/mitral endocarditis

2 Raleigh, N.C. 1-yr-old weimaraner
(F/S)

2/98 8 mo Intermittent FUO post-OHE;
lethargy, anorexia, poorly localized
pain

Echo: decreased myocardial
function; necropsy: aortic
endocarditis

3 Raleigh, N.C. 6-yr-old
Newfoundland
(M/C)

2/98 2 days Anorexia, lethargy, collapse II/VI murmur, atrial
fibrillation, decreased
systolic function

4 Raleigh, N.C. 12-yr-old coonhound
(M)

12/94 1 wk Anorexia, vomiting, weight loss
(29%), ataxia, collapse

Tachycardia, grade III/VI
heart murmur, VPCs,
ventricular tachycardia;
echo: possible mitral
endocarditis

5 Surfside Beach,
S.C.

5-yr-old German
shepherd (M)

1/96 1 wk Acute collapse 3° AV block; echo: aortic
endocarditis, pacemaker

6 Henderson, N.C. 5-yr-old rottweiler
(M)

5/96 6 mo Weight loss (25%), shifting-leg
lameness, epistaxis, coughing,
penile bleeding

Intermittent VPCs; echo:
aortic valve endocarditis

7 Madison, Fla. 5-yr-old bull mastiff
(M)

6/96 1 wk Acute fever (40.4°C), lethargy,
weight loss (9%), sudden death

Aortic endocarditis,
ventricular tachycardia

8 Rocky Mount,
N.C.

11-yr-old Labrador
retriever (M/C)

9/96 2 wks Hematuria, lethargy, anorexia,
abdominal pain, fever (40.8°C),
weight loss

V/VI heart murmur, mitral
endocarditis

9 Cary, N.C. 10-yr-old German
shepherd (M)

8/88 1 day Acute posterior paresis, collapse,
fever (41°C)

Mild hypertrophic
cardiomyopathy,
ventricular tachycardia

10 Nashville, N.C. 4-yr-old boxer (M) 8/86 1 wk Lethargy, exercise intolerance,
sudden death

V/VI murmur; echo: aortic
stenosis

11 Myrtle Beach, S.C. 6-yr-old St. Bernard
(F/S)

9/95 6 mo Progressive weight loss (40%), fever,
diarrhea

Tachycardia, heart murmur;
echo: aortic/mitral
endocarditis

12 Bailey, N.C. 6-mo-old boxer (M/C) 12/96 7 mo Acute vomiting, ataxia, head tilt III/VI heart murmur, VPCs

a F/S, spayed female; M, male; M/C, castrated male.
b Duration of illness prior to documentation of cardiac disease.
c FUO, fever of unknown origin; OHE, ovariohysterectomy.
d Echo, echocardiogram; VPCs, ventricular premature contractions; AV, atrioventricular.

TABLE 2. Selected laboratory findings from 12 dogs with cardiac abnormalities and evidence of alpha-proteobacterial infection

Dog
no.

PCVa

(%)
Platelet count/

ml (103)
No. of segmented

neutrophils/ml
No. of band

neutrophils/ml
Neutrophil

toxicity
No. of

monocytes/ml
No. of

eosinophils/ml

Serum level of:

Albumin
(g/dl)

Globulin
(g/dl)

Creatinine
(mg/dl)

Glucose
(mg/liter)

1 28 334 15,708 0 —b 1,496 561 2.8 4.0 1.6 118
2 48 212 22,640 1,981 — 1,981 0 2.4 3.4 1.0 99
3 20 124 18,450 246 Mild 3,198 0 2.4 4.2 1.0 76
4 46 479 11,704 304 Mild 1,200 0 3.8 4.9 4.7 162
5 39 87 27,473 331 Mild 2,317 178 2.5 4.2 2.4 166
6 31 280 8,300 0 — 400 550 2.7 4.4 1.1 86
7 25 35 29,460 1,320 — 1,320 170 1.9 3.9 1.4 63
8 14 297 34,997 4,430 — 2,215 1,092 1.8 6.2 1.1 106
9 39 83 15,416 0 Mild 492 0 2.4 3.2 2.9 68
10 43 318 8,928 0 — 1,736 744 2.2 NAc 1.3 96
11 36 99 15,456 0 Mild 1,656 0 2.8 3.0 2.3 93
12 60 NDd 13,272 158 — 632 158 4.0 4.3 1.2 120

a PCV, packed cell volume.
b —, toxicity not observed.
c NA, not available.
d ND, not determined (clumped).
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preputial mass removed from dog 10 4 months prior to eval-
uation of fever and collapse (Table 3). Between 99 and 146
nucleotides of DNA sequence were derived from the 185-bp
PCR products. A similarity search of GenBank sequence data
indicated that three samples derived from dogs 1 to 3 were
identical to B. vinsonii subsp. berkhoffii (Table 4). Amplicons
derived from seven other dogs (cases 4 to 10) clustered among
several alpha proteobacteria, including Rhizobium, Agrobacte-
rium, Brucella, Methylobacterium, and the currently unnamed
Rasbo agent (5). Given the lack of a bacterial isolate and the
limited quantity of DNA available, it was not possible to de-
finitively identify the bacteria in these seven dogs. However,
when compared with the corresponding nucleotide sequences
of blood culture isolates or of common contaminants (Staph-
ylococcus aureus or Staphylococcus intermedius), other organ-
isms associated with cardiac disease or bacteremia (Capnocy-
tophaga canis or Chlamydia spp.), or bacteria, rickettsia, or
bloodborne protozoa that some of these dogs were apparently
exposed to or coinfected with (Serratia marcescens, E. canis, or
Babesia canis), minimal sequence alignment was achieved.
Bacterial DNA was not amplified from the available blood of
dogs 11 and 12, despite the presence of Bartonella-reactive

immunoglobulin G (IgG) and clinical signs compatible with
bacteremia.

Treatment. Regimens differed considerably among individ-
ual dogs but included antibiotics in all cases (amoxicillin, en-
rofloxacin, cephalexin, doxycycline, and amikacin), diuretics
for congestive heart failure for five dogs (furosemide), and
various combinations of cardiovascular drugs (enalapril,
digoxin, nitroglycerin, and diltiazem). Eight dogs were eutha-
nized or died within the first month following presentation, two
died within 2 to 7 months of presentation, 1 was lost to follow-
up, and 1 remains alive. Dog 6, diagnosed with endocarditis
during May 1996, has been treated continuously with enro-
floxacin since that time. Sequential reciprocal B. vinsonii anti-
body titers were 8,192 (May 1996), 512 (November 1997), 512
(January 1998), and 256 (May 1998). The dog was still alive in
November 1998 but had developed congestive heart failure.

Histopathology. Four dogs were necropsied. Endocarditis
was confirmed at necropsy in dog 2, infected with B. vinsonii
subsp. berkhoffii, and in dogs 7 and 10, infected with an unde-
termined alpha proteobacterium. Dogs 2 and 7 also had myo-
carditis. Dog 2 had a 2-mm-diameter vegetative mass on a
mitral valve leaflet (Fig. 1). There were multifocal areas of

TABLE 3. Selected microbiological, serologic, and PCR-DNA sequencing results from 12 dogs with cardiac abnormalities and evidence of
alpha-proteobacterial infection

Dog
no.

Blood culture resultsa Reciprocal antibody titer PCR sequencing results

Conventional Lysis
centrifugation B. vinsonii E. canis Babesia canis R. rickettsii Tissue Organism

1 2 NDb 128 40 20 ,16 Blood B. vinsonii subsp. berkhoffii
2 2 ND 128 Negf 20 ,16 Blood, valve B. vinsonii subsp. berkhoffii
3 ND ND 512 Neg 40 (160)c ,16 Blood B. vinsonii subsp. berkhoffii
4 2 2 4,096 2,560 40 32 Blood, valve a-Proteobacterium
5 2 2 8,192 80 40 64 Blood a-Proteobacterium
6 2 1 8,192/512g Neg 20 128 Blood a-Proteobacterium
7 2 2 8,192 320 40 64 Blood, valve a-Proteobacterium
8 1 ND 128 Neg 20 ,16 Valve a-Proteobacterium
9 2 ND 128 Neg 20d/2,560g ,16 Prepucial masse a-Proteobacterium
10 ND ND ND ND ND ND Valve, myocardium a-Proteobacterium
11 1 ND 8,192 Neg 40 128 Blood
12 2 2 128 20 20 ,16 Blood

a 2, negative, 1, positive. In dogs 8 and 11, b-lactamase-positive Staphylococcus intermedius (three of three cutures) and Alcaligenes xylosoxidans (one of two cultures)
were respectively isolated by conventional blood culture techniques, and an uncharacterized bacterium from which DNA was not amplified using primers described in
Materials and Methods was isolated from dog 6 by lysis centrifugation blood culture.

b ND, not done.
c Titer in parenthesis represents seroreactivity to Babesia gibsonii antigens.
d Babesia canis organisms observed on blood smear.
e Four months prior to presentation for babesiosis and bartonellosis, a preputial mass was resected surgically. DNA was extracted from the mass, which was

histologically compatible with a schwannoma but contained marked perivascular accumulations of lymphocytes and plasma cells.
f Neg, negative.
g Acute titer/convalescent titer.

TABLE 4. Comparative alignment of partial 16S rRNA gene sequences of B. henselae, B. vinsonii subsp. berkhoffii, and amplicons derived
from dogs 1 to 3

Organism Dog
Sequencea

45 47 55 56 58 67 138 144 183 184 I1b I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 187 188 189 207

B. henselae A G G C G A A A G T —c — — — — — — — — — — — T T A G
B. vinsonii subsp. berkhoffii A G N C N A C N G T C A C A G G G A G A C C T T T G
B. vinsonii subsp. berkhoffii 1 A T G A G N C A G T C A C A G G G A G A C C T T A G
B. vinsonii subsp. berkhoffii 2 A T G A G N C A G T C A C A G G G A G A C C T T A G
B. vinsonii subsp. berkhoffii 3 A G G C G A C A G T C A C A G G G A G A C C T T A G

a The sequence of the noncoding RNA strand is shown. The numbers correspond to the Escherichia coli numbering scheme. Unless noted in the table, all intervening
sequences between no. 45 and 207 for all isolates were identical.

b Insertion sequence designated I1–I12.
c —, no comparable sequence for this region.
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severe myocardial inflammation widely scattered in both the
left and right sides of the heart. These inflammatory foci were
often associated with thickened, severely inflamed coronary
arteries that were often disrupted by areas of severe fibrinoid
necrosis (Fig. 2). Inflammatory foci were characterized by
myocardial fiber loss, neovascularization, and various numbers

of neutrophils and macrophages. In a few areas, a purulent
exudate was a prominent component of the inflammatory foci.
The mitral valvular mass was a mixture of myxomatous tissue,
neutrophils, and macrophages. Warthin Starry staining for bac-
teria was negative. In dog 4 (infected with an alpha proteobac-
terium), there were nodular myxomatous thickenings of the

FIG. 1. Left auricle and base of mitral valve of dog 2, infected with B. vinsonii, distended by inflammatory exudate. Inflammation extends into the adjacent auricular
myocardium on the left. Hematoxylin and eosin stain; bar 5 268 mm.

FIG. 2. Coronary artery of dog 2, infected with B. vinsonii. Shown is the coronary artery with an adherent mass of inflammatory exudate bulging into the arterial
lumen, with transmural inflammation of the arterial wall beneath the inflammatory exudate. Severe inflammation surrounding inflamed artery effaces the normal tissue
architecture. Hematoxylin and eosin stain; bar 5 107 mm.
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mitral valve leaflets, characteristic of valvular endocardiosis
rather than endocarditis as suspected from the echocardio-
gram. Inflammatory cells were not observed in the valvular
lesions, but occasional small myocardial inflammatory foci
composed of various mixtures of lymphocytes, plasma cells,
and macrophages were randomly scattered in the left ventricle.
A 1.5-cm-diameter vegetative inflammatory mass was present
on a cusp of the aortic valve of dog 7. This mass consisted of a
mixture of fibrin, numerous neutrophils, macrophages, and cell
debris. Myocardial inflammatory foci composed primarily of
neutrophils, fibrin, macrophages, and cell debris were ran-
domly scattered in the left ventricle, interventricular septum,
and right atrium. Serratia marcescens was cultured from the
aortic cusp mass, Warthin Starry staining was negative, and
alignment of the DNA sequence of the PCR amplicon from
the valve was consistent with an alpha proteobacterium, not
Serratia marcescens. A 1.5-cm-diameter vegetative inflamma-
tory mass was located on the cusps of the aortic valve of dog 10.
The mass was composed of a mixture of well- to poorly differ-
entiated mesenchymal tissue. Near the surface, the myxoma-
tous tissue was mixed with cell debris and lymphocytes and was
encrusted with amorphous eosinophilic debris containing nu-
merous bacterial colonies and focal areas of mineralization.
The bacterial colonies contained short, plump rods, consistent
in size and shape with Bartonella spp., that stained positive with
the Warthin Starry silver stain.

DISCUSSION

In this study, the diagnosis of B. vinsonii endocarditis in 3 of
12 dogs was suggested by serology and confirmed by PCR and
DNA sequencing. The DNA sequences for these three dogs
(no. 1 to 3) were essentially identical (Table 4) and included
the 12-bp insert that is consistent with B. vinsonii subsp. berk-

hoffii. Unexpectedly, when the partial 16S rRNA gene se-
quence derived from blood or other tissue samples from the
other seven dogs was compared to GenBank sequences for
other, closely related bacteria, including B. henselae, B. vinso-
nii, Brucella canis, and the alpha proteobacterium provisionally
designated Rasbo, all sequences clustered together and were
most closely related to Brucella canis and Rasbo bacterium
(Fig. 3) (5). Although several Brucella spp. have been associ-
ated with endocarditis in human patients (3), Brucella canis has
been infrequently associated with endocarditis in dogs (1).
Since antibodies to Brucella antigens were not detected in 10 of
12 dogs tested retrospectively, it seems unlikely that the partial
sequences are from Brucella spp. Since amplicons were not
obtained from blood samples from the remaining two dogs,
DNA sequencing could not be performed to determine the
infecting bacterial species.

Historically, the duration and severity of disease presenta-
tion varied considerably among these dogs. An acute onset of
illness characterized by fever, lethargy, anorexia, weight loss,
and collapse was identified in eight dogs. In contrast, cardiac
disease was diagnosed in four dogs following a protracted
illness of at least 6 months’ duration. When the historical
duration of illness was compared to the Bartonella-reactive
antibody titer, there was a poor correlation. Of the five dogs
with reciprocal antibody titers of 4,096 or higher, three had an
acute onset of illness whereas two dogs were ill for at least 6
months prior to the diagnosis of endocarditis. These serologic
observations appear to support a more chronic course of in-
fection with acute cardiac decompensation. On an evolutionary
basis, Bartonella species appear to be well adapted to facilitate
intracellular persistence within most host species (21, 26, 27,
29). Although persistent infection of 16 months’ duration with
B. vinsonii has been documented in a healthy dog (26), similar

FIG. 3. Comparative alignment of partial 16S rRNA gene sequences of Brucella canis, Rasbo bacterium, and amplicons derived from dogs 4 to 10. The sequence
of the noncoding RNA strand is shown. The numbers correspond to the Escherichia coli numbering scheme. Unless noted in boldface type in the table, all intervening
sequences between no. 45 and 207 for all isolates were identical. Dashes (a) indicate the lack of comparable sequence. aP, alpha proteobacterium.
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data based on culturing the organism from the blood of sick
dogs is lacking. Persistent infection with B. henselae or B.
clarridgeiae spanning years in duration has been documented in
both naturally and experimentally infected cats (21, 27). Al-
though the duration of Bartonella infection in various domestic
and wild animal species requires additional clarification, doc-
umentation of endocarditis presumably represents a manifes-
tation of chronic Bartonella infection with eventual bacterial
localization in the heart valve.

Comparatively low Bartonella-specific serum antibody titers
were found in several dogs; dogs 2 and 12 had low antibody
titers, despite a prolonged duration of illness. Similar to find-
ings in experimentally infected cats (23), wild animal species
such as deer (8), and a recently described human case of B.
quintana bacteremia (11), this observation may relate to failure
of selected individuals to develop a strong humoral immune
response when chronically infected with Bartonella (cases 1 to
3) (34). Specifically, low or undetectable levels of Bartonella-
specific antibodies have been observed in culture-positive an-
imals or human patients, even when the homologous organism
is used as the test antigen. A similar observation was made in
the case of a Swedish patient infected with the Rasbo bacte-
rium, who failed to develop a detectable IgG antibody re-
sponse to the organism despite a chronic course of infection
(5). Alternatively, failure to detect an IgG-specific immune
response to these organisms may reflect differences in culture-
or tissue culture-grown organisms compared to the antigenic
properties of the organisms in vivo.

In contrast to the low Bartonella-reactive titers, four of the
highest reciprocal antibody titers to B. vinsonii antigens (4,096
to 8,192) were in dogs with PCR evidence of infection with a
species of proteobacteria other than Bartonella. Presumably,
this organism(s) cross-reacts serologically with B. vinsonii an-
tigens, or some of these dogs may have been coinfected with
more than one alpha-proteobacteria species. Our results indi-
cate that B. vinsonii-reactive serum does not cross-react with
Brucella canis, E. canis, or R. rickettsii antigens (31). Until less
technically demanding procedures are developed, detection of
Bartonella-reactive antibodies, in conjunction with PCR ampli-
fication and sequencing of DNA from blood or tissue speci-
mens, would seem the most beneficial approach for detecting
B. vinsonii or alpha-Proteobacteria spp. in dogs with endocar-
ditis or arrhythmias.

Based on the results of this study, endocarditis associated
with Bartonella and other alpha proteobacteria occurs in large-
breed dogs. There also appears to be a strong predisposition
for these organisms to infect the aortic valve (70%), in contrast
to a review of five studies of bacterial endocarditis, involving
187 dogs, in which the mitral valve was affected nearly three
times as often as the aortic valve (67% versus 23%) (20).
Preexisting valvular disease, such as subaortic stenosis, might
explain the increased predilection for aortic valve involvement,
particularly in boxers, a breed predisposed to congenital aortic
stenosis. Although B. henselae was the third most frequent
infectious agent identified in 146 children with fever of un-
known origin (18), fever was not found in over half of the dogs
in this study. Hematologic abnormalities such as neutrophilia,
band neutrophils, and neutrophil toxic change are frequently
not detected. Hemoglobinuria and proteinuria, potentially a
reflection of glomerulonephritis or renal microinfarction due
to bacteremia, were identified in most of the dogs in this series.
Despite the severity of illness documented in most of these
dogs, neither conventional blood culture nor lysis centrifuga-
tion blood culture was of value for the isolation of alpha pro-
teobacteria from blood.

Concurrent isolation of other bacterial organisms from three

dogs was an unexpected finding. These isolates may represent
infection, isolation contaminants, catheter-acquired infections
associated with intensive care management, or postmortem
contamination. In dog 7, Serratia marcescens was isolated at
necropsy from an aortic cusp mass and gram-negative bacteria
were visualized in the tissues. However, this dog had a recip-
rocal B. vinsonii titer of 8,192, and alpha-proteobacterial DNA
was amplified from EDTA-treated blood and valve tissue on
two independent occasions. In this instance, S. marcescens may
have been a postmortem contaminant, or S. marcescens bacte-
remia may have developed secondary to chronic alpha-pro-
teobacterial infection. In human endocarditis patients, isola-
tion of multiple bacterial organisms generally occurs in
association with severe immunosuppression or intravenous
drug use (3). Additional efforts to establish whether these
organisms can contribute to immunosuppression in dogs ap-
pear justified. Clinical observations related to human infection
with Bartonella bacilliformis in South America support an im-
munosuppressive role for the organism, potentially leading to
death from concurrent bacterial infections (12). Concurrent
viral infections, including those caused by Epstein-Barr virus or
the human immunodeficiency virus, can markedly influence
the severity and clinical course of B. henselae or B. quintana
infection in humans (20, 22, 39). Similarly, cats coinfected with
B. henselae and the feline immunodeficiency virus were more
likely to exhibit lymphadenopathy and gingivitis than cats in-
fected with only one of these organisms (38). Previously, we
documented severe suppression of circulating CD8 lympho-
cytes in dogs experimentally infected with B. vinsonii (31).
Although these and other, uncited observations support a po-
tentially important role for the immune system in determining
the clinical outcome of Bartonella infections, the immuno-
pathogenesis associated with human or canine infection re-
mains incompletely understood (29, 34).

The spectrum of histologic changes observed in the four
dogs with endocardial lesions may provide some insight into
possible pathogenic mechanisms associated with alpha-pro-
teobacterial infections. Dog 4 had mitral valvular endocardio-
sis; however, the myocardium contained mild inflammatory
foci, and DNA sequencing of amplicons from both the blood
and the valvular region were identical and indicative of an
undetermined alpha-Proteobacteria species. In dogs 2 (infected
with B. vinsonii), 7, and 10 (both infected with alpha pro-
teobacteria), the valvular lesions were inflammatory and more
severe. Additionally, the myocardium of dogs 2 and 7 con-
tained multifocal areas of inflammation. Alpha proteobacteria
may preferentially colonize damaged tissue sites, such as de-
generative heart valve leaflets. Once valvular colonization is
established, the inflammatory response to the organism results
in a progressive valvular inflammatory lesion that may serve as
a source of inflammatory debris, spreading the organism to
other areas of the heart or to more distal sites.

Based on review of our cases, the prognosis for alpha-pro-
teobacterial endocarditis is generally poor, as is described for
other causes of bacterial endocarditis in dogs (1). However,
based on comparative medical data, therapeutic elimination of
alpha-proteobacterial infection, particularly in dogs or human
patients with endocarditis or myocarditis, may be difficult to
attain. Although enrofloxacin was more efficacious than doxy-
cycline for the treatment of B. henselae or B. clarridgeiae in-
fection in experimentally or naturally infected cats, neither
drug eliminated the infection in all animals, even when admin-
istered for a duration of 4 weeks (24). Similarly, despite pro-
longed treatment with numerous antibiotics, including doxycy-
cline and imipenem, the Swedish patient infected with the
Rasbo bacterium experienced at least three relapses during a

3624 BREITSCHWERDT ET AL. J. CLIN. MICROBIOL.



1-year period (5). In the present study, dog 6 is notable in that
it has lived 3 years beyond the initial diagnosis of endocarditis
while being maintained on continuous therapy with enrofloxa-
cin by the referring veterinarian. Despite a seemingly favorable
therapeutic response and a gradual decline in serum antibody
titers, this dog has remained seroreactive to B. vinsonii anti-
gens, alpha-proteobacteria DNA has been amplified from pre-
treatment and early posttreatment blood samples, and cardiac
performance has deteriorated to the point of congestive heart
failure. Since a recent prospective randomized double-blind
placebo-controlled study indicated that azithromycin was of
clinical benefit to patients with typical cat scratch disease,
macrolide antibiotics may hold additional promise for the
treatment of chronic Bartonella or alpha-proteobacterial infec-
tions (2).

Although myocarditis was documented histologically in only
two dogs, the potential of alpha-Proteobacteria spp. contribut-
ing to myocardial involvement in these dogs was supported by
clinical findings such as syncope, acute collapse, or sudden
death and by the documentation of conduction abnormalities,
ventricular arrhythmias, or decreased myocardial contractility.
Myocarditis was identified in a 60-year-old male who died
suddenly during a running competition (17). Similar to the
dogs in this report, serologic and molecular evidence impli-
cated infection with Bartonella or a closely related species of
bacteria. Recently, focal myocardial inflammation, consisting
predominantly of mononuclear cells, has been observed in cats
experimentally infected with B. henselae (14, 27).

Complete atrioventricular block has been associated with
Borrelia burgdorferi infection in dogs and human patients in
regions with endemic Lyme Disease (28). Recently, it has been
determined that Ixodes scapularis ticks in these regions can
cotransmit multiple tickborne pathogens, including B. burgdor-
feri, Babesia microti, a granulocytic Ehrlichia species (presum-
ably E. equi), and an as-yet-uncharacterized Bartonella species
(16). In this study, complete atrioventricular block required
pacemaker implantation in dog 5 (alpha-proteobacterium in-
fected), which was seroreactive to B. vinsonii, E. canis, and R.
rickettsii antigens. Collectively, these observations serve to il-
lustrate the potential difficulty in establishing causation in dogs
or people coinfected with multiple tick-transmitted pathogens.
Since certain Borrelia, Ehrlichia, Babesia, and Bartonella spe-
cies can induce chronic, insidious infection in dogs (7), the
relative role of each of these organisms in the pathogenesis of
a specific disease manifestation in a sick dog will be difficult to
establish in nature.

Findings generated through this study indicate that B. vin-
sonii and other closely related alpha-Proteobacteria spp. can be
detected in dogs with cardiac arrhythmias, endocarditis, or
myocarditis. Importantly, infection with these organisms may
contribute to syncope, collapse, conduction defects, arrhyth-
mias, or sudden death. Since the initial intent of this study was
to identify dogs with serologic evidence of Bartonella endocar-
ditis, case selection was biased toward Bartonella-seroreactive
dogs with clinical, echocardiographic, or necropsy evidence of
endocarditis. Therefore, the role of alpha proteobacteria as a
cause of cardiac arrhythmias or myocarditis might well be
expanded through additional studies that target different pa-
tient populations.
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