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We report the first documented case of endocarditis associated with Bartonella clarridgeiae in any species.
B. clarridgeiae was identified as a possible etiological agent of human cat scratch disease. Infective vegetative
valvular aortic endocarditis was diagnosed in a 2.5-year-old male neutered boxer. Historically, the dog had
been diagnosed with a systolic murmur at 16 months of age and underwent balloon valvuloplasty for severe
valvular aortic stenosis. Six months later, the dog was brought to a veterinary hospital with an acute
third-degree atrioventricular block and was diagnosed with infective endocarditis. The dog died of cardiopul-
monary arrest prior to pacemaker implantation. Necropsy confirmed severe aortic vegetative endocarditis.
Blood culture grew a fastidious, gram-negative organism 8 days after being plated. Phenotypic and genotypic
characterization of the isolate, including partial sequencing of the citrate synthase (gltA) and 16S rRNA genes
indicated that this organism was B. clarridgeiae. DNA extraction from the deformed aortic valve and the healthy
pulmonic valve revealed the presence of B. clarridgeiae DNA only from the diseased valve. No Borrelia
burgdorferi or Ehrlichia sp. DNA could be identified. Using indirect immunofluorescence tests, the dog was
seropositive for B. clarridgeiae and had antibodies against Ehrlichia phagocytophila but not against Ehrlichia
canis, Ehrlichia ewingii, B. burgdorferi, or Coxiella burnetii.

Bartonella species are emerging pathogens in humans, caus-
ing severe diseases in immunocompromised individuals (8).
Based on 16S rRNA gene sequence comparison, the Bartonella
genus has been classified in the alpha subgroup of the Pro-
teobacteria (8). At least eight Bartonella species or subspecies
are known to be pathogenic for humans, including B. bacilli-
formis, B. quintana, B. henselae, B. elizabethae, B. grahamii, B.
vinsonii subsp. arupensis (1, 26, 52), B. vinsonii subsp. berkhoffii
(45), and B. washoensis (8). Furthermore, based on serological
evidence, B. clarridgeiae has been associated with cat scratch
disease in humans (29, 38, 46). Among these Bartonella species
or subspecies, B. quintana, B. henselae, B. elizabethae, and B.
vinsonii subsp. berkhoffii have been identified as causative
agents of human endocarditis and B. washoensis has been iden-
tified as a cause of myocarditis (1, 5, 8, 19, 20, 45, 49).

At present, only two Bartonella species have been identified
to cause clinical diseases in dogs. B. vinsonii subsp. berkhoffii
has been shown to cause endocarditis, arrhythmia, and myo-
carditis (6, 9, 31), as well as granulomatous lymphadenitis and
granulomatous rhinitis (40), and B. henselae was recently as-
sociated with a case of peliosis hepatis (27). During an active
investigation of canine endocarditis cases, we cultured a fas-
tidious, gram-negative organism that we identified to be B.
clarridgeiae from the blood of a dog with an aortic endocarditis.
We describe the clinicopathologic and histopathologic features
as well as the microbiologic and genotypic identification of the
organism isolated from the dog’s blood and detected by mo-
lecular methods in the infected aortic valve.

MATERIALS AND METHODS

Strain sources. The type strains of B. vinsonii subsp. berkhoffii (ATCC 51672)
and B. clarridgeiae (ATCC 51734) were obtained from the American Type Cul-
ture Collection (Rockville, Md.). Isolate B. henselae strain U4 was obtained from
our culture collection at the University of California, Davis (UC Davis). Isolate
UCD-dog1 was cultured from the blood of the dog described in this report.

Clinical samples. Blood (6 ml) was collected aseptically from the dog’s exter-
nal jugular vein and both lateral saphenous veins at the time of acute third-
degree atrioventricular (AV) block, infectious endocarditis, and just prior to
death. Blood samples were submitted for aerobic and aero-anaerobic cultures, as
well as for specific Bartonella isolation on fresh blood agar (5% defibrinated
rabbit blood) (16). Serum was submitted for determination of Bartonella anti-
body titers and for detection of several tick-borne pathogens (Ehrlichia spp.,
Borrelia burgdorferi) and of Coxiella burnetii, a known agent of endocarditis in
humans and animals.

Similarly, on 22 June 2000, blood (0.5 to 2 ml) was collected aseptically from
the external jugular vein of three cats from the household of origin for Bartonella
culture and serology. A serum sample was also obtained from the dog’s owner for
possible detection of Bartonella antibodies.

Tissue samples. Fragments of the aortic and pulmonic valves were frozen for
PCR and electron microscopic examination and fixed in 10% buffered formalin
for histology. After 24 h, formalin-fixed tissues were embedded in paraffin,
sectioned, and stained with hematoxylin and eosin or silver (Warthin-Starry)
stain. Slides were examined under light microscopy to characterize the lesions.

Isolation procedure. The blood samples were collected in plastic 2-ml EDTA
tubes (Becton Dickinson, Franklin Lakes, N.J.) and frozen at �70°C until plated.
The blood samples were cultured on heart infusion agar containing 5% rabbit
blood and were incubated in 5% CO2 at 35°C for up to 4 weeks. Identification of
the isolates as B. clarridgeiae was initially based on morphological and growth
characteristics, as previously described (25, 29). The isolates were then confirmed
by PCR-restriction fragment length polymorphism (RFLP) analysis and se-
quence analysis of the citrate synthase (gltA) and 16S rRNA genes.

Microscopic and biochemical analysis. (i) DNA extraction. The bacterial iso-
late obtained from the dog’s blood was heated at 95°C for 10 min in sterile water.
The supernatant was used as DNA template, as previously described (13). DNA
was also extracted from 26 mg of aortic valve tissue and 20 mg of pulmonic valve
tissue using the DNeasy Tissue Kit (Qiagen, Valencia, Calif.) according to the
manufacturer’s instructions.

(ii) PCR assay. A 5-�l aliquot (diluted 1:10 in sterile water) of extracted DNA
from the bacterial isolate was added to a 45-�l reaction mixture consisting of 15
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mM Tris-HCl (pH 8.0), 50 mM KCl, 1.5 mM MgCl2, 200 �M concentrations of
each deoxynucleoside triphosphate, 1.25 U of AmpliTaq LD (low DNA) DNA
polymerase (Perkin-Elmer, Foster City, Calif.), and 0.5 �M concentrations of
each primer. The primers used for the gltA gene were 5�-GGGGACCACTCA
TGGTGG-3� and 5�-AATGCAAAAAGAACAGTAAACA-3� (39). Thermocy-
cling was performed in an MJ PTC-100 apparatus (Watertown, Mass.) under the
following conditions: 94°C for 5 min, 45 cycles of 94°C for 0.5 min, 55°C for 1
min, and 72°C for 1 min, followed by 72°C for 10 min. For the 16S rRNA gene,
the primers used were 5�-AGAGTTTGATCCTGGCTCAG-3� and 5�-AAGGA
GGTGATGCAGCCGCA-3� (23), and the running cycles were as follows: 93°C
for 5 min, 35 cycles of 93°C for 0.5 min, 60°C for 1 min, and 72°C for 1 min,
followed by 72°C for 8 min.

For the DNA extracted from tissue, a 5-�l aliquot of extracted DNA (undi-
luted or a 1:5 or 1:10 dilution in sterile water) was added to a 45-�l reaction
mixture as described above for the gltA and 16S rRNA genes. To determine the
presence of Ehrlichia spp. and B. burgdorferi DNA, tissue-extracted DNA was
evaluated by real-time PCR using protocols specific for Ehrlichia phagocytophila
and B. burgdorferi as previously described (35, 42).

(iii) RFLP. An approximately 400-bp fragment amplified from the gltA gene
was verified by gel electrophoresis and then digested with TaqI (Promega, Mad-
ison, Wis.) and HhaI (New England Laboratories, Beverly, Mass.) restriction
endonucleases (4, 44). The digestion conditions used were the ones recom-
mended by the enzymes’ manufacturers. Banding patterns of the digests were
compared with a domestic dog isolate, B. vinsonii. subsp. berkhoffii (ATCC
51672), B. henselae (strain U-4; UC Davis), and B. clarridgeiae (ATCC 51734).

(iv) DNA sequencing. The extracted DNA was sequenced for the gltA and 16S
rRNA genes, as previously described (15). The PCR products used for DNA
sequencing were purified with Microcon centrifugal filter devices (Millipore
Corp., Bedford, Mass.) and sequenced with a fluorescence-based automated
sequencing system (Davis Sequencing, Davis, Calif.). The FastA program of the
GCG software (version 10, Wisconsin Sequence Analysis Package; Genetics
Computer Group) was applied first to determine the closest bacterial species or
subspecies. Then, the GAP and PileUP programs were used for sequence align-
ments and determination of the percentage of DNA similarity.

IFA tests. (i) Bartonella spp. B. henselae, B. clarridgeiae, and B. vinsonii subsp.
berkhoffii indirect immunofluorescent antibody (IFA) tests were performed as
previously described (15, 16). The intensity of bacillus-specific fluorescence was
scored subjectively from 1 to 4, and a fluorescence score of �2 at a dilution of
1:64 was reported as a positive result, as previously described (16). The same two
readers performed a double-blinded reading of each slide. Negative and positive
serum control samples were obtained from two laboratory dogs before and after
infection with B. vinsonii subsp. berkhoffii and from cats before and after infec-
tion with B. henselae and B. clarridgeiae.

(ii) Ehrlichia spp., B. burgdorferi, and C. burnetii. Antibodies to Ehrlichia
equi/Ehrlichia phagocytophila, Ehrlichia canis, and Ehrlichia ewingii were evalu-
ated using commercially available IFA substrate slides (VMRD Inc., Pullman,
Wash.) or purified E. equi-infected equine neutrophils, according to a previously
described protocol (37). Known positive (a known-infected dog) and negative
serum samples were run as controls on the same slide. B. burgdorferi antibodies
were assessed by kinetic enzyme-linked immunosorbent assay and Western blot-
ting at a reference laboratory (Diagnostic Laboratory, College of Veterinary
Medicine, Cornell University, Ithaca, N.Y.).

Antibodies against phase I and phase II of C. burnetii were evaluated using a
commercially available IFA substrate slide (Fuller Laboratories, Fullerton,
Calif.) at a 1:64 dilution.

RESULTS

Case report. On 4 April 2000, a 2.5-year-old, male neutered
boxer was referred to the UC Davis Veterinary Medical Teach-
ing Hospital with the diagnosis of acute third-degree AV block.
The dog was acutely weak, lethargic, and nonambulatory.

The dog had been previously diagnosed by a board-certified
veterinary cardiologist with a grade IV/VI left basilar systolic
heart murmur due to valvular aortic stenosis at 16 months of
age. Medical treatment consisted of a selective beta-blocker,
atenolol (25 mg per os [p.o.] every 12 h [q12 h]). The dog was
then referred to UC Davis Veterinary Medical Teaching Hos-
pital for possible balloon valvuloplasty of the stenotic aortic
valve on 28 September 1998. Echocardiography confirmed se-
vere valvular aortic stenosis and mild aortic insufficiency, with

a left ventricular-to-aortic pressure gradient of 120 mm Hg.
The left ventricular papillary muscles were hyperechogenic,
indicative of myocardial fibrosis. The electrocardiogram dem-
onstrated an increased amplitude of the R waves consistent
with left ventricular hypertrophy and an ST segment depres-
sion suggestive of regional myocardial hypoxia. An aortic bal-
loon valvuloplasty was subsequently performed on 2 October
1998 without complication. The procedure was moderately
successful, producing a decrease in the left ventricular-to-
aortic pressure gradient to 80 mm Hg. Subsequent echocar-
diograms revealed static moderate valvular aortic stenosis with
no changes in the left ventricular dimensions.

The dog remained free of clinical signs until March 2000,
when he collapsed after exercise. An echocardiogram revealed
thickened hyperechogenic aortic cusps that had restricted sys-
tolic movement and appeared calcified. The left ventricular-
to-aortic pressure gradient had increased to 100 mm Hg, indi-
cating severe progressive valvular aortic stenosis. The aortic
insufficiency had increased from mild to moderate. The ateno-
lol dose was increased from 25 mg p.o. q12 h to 50 mg p.o. q12 h.

The dog was presented on 4 April 2000 as a cardiac emer-
gency. Abnormalities on physical examination included severe
weakness and depression, anisocoria, hyperthermia (39.9°C
[103.5°F]), tachypnea (56 breaths/min), severely diminished
femoral pulses, severe bradycardia (27 beats/min), pale mu-
cous membranes, and a grade IV/VI left basilar systolic mur-
mur. The electrocardiogram revealed a third-degree AV block
with a ventricular rate of 28 beats/min and an atrial rate of 160
beats/min (Fig. 1). An echocardiogram again revealed severe
valvular aortic stenosis (Fig. 2A and B). However, at this ex-
amination, the valvular thickening had progressed dramati-
cally. In addition, the cusps had a shaggy, hyperechoic appear-
ance consistent with severe infective endocarditis. The aortic
insufficiency was only trivial.

Hematologic abnormalities included mild reticulocytosis
(96,000/�l) and nucleated red blood cells (7/100 white blood
cells), mild thrombocytopenia (117,000/�l), and mild leukocy-
tosis (19,000/�l) with neutrophilia (15,960/�l) and a regener-
ative left shift (380 bands with slight toxicity). There was a mild
azotemia (creatinine, 2.7 mg/dl [normal range, 0.5 to 1.6 mg/
dl]; BUN, 55 mg/dl [normal range, 8 to 31 mg/dl]) and hyper-
phosphatemia (9.6 mg/dl [normal range, 3.0 to 6.2]). A urinal-
ysis was not available to determine if the azotemia was renal or
prerenal in origin. Blood gas analysis revealed severe meta-
bolic acidosis and a moderately elevated venous blood lactate
concentration (pH, 7.22; PCO2, 48.8 mm Hg; PO2, 22 mm Hg;
HCO3, 18.4 mmol/liter; blood lactate, 3.4 mmol/liter). In ad-
dition to the routine blood work, six blood samples were col-
lected aseptically from three different venous sites over 1 h and
submitted for aerobic and anaerobic cultures of common mi-
crobiologic organisms and for Bartonella isolation.

Atropine (0.04 mg/kg of body weight, intravenous) was ad-
ministered without a positive chronotropic effect. An intrave-
nous infusion of dopamine was initiated at a dose of 5 �g/kg/
min and was incrementally increased to 10 �g/kg/min over 20
min with no improvement in the heart rate. Despite the grave
prognosis, an attempt was made to install a temporary pace-
maker via the right jugular vein. The patient’s neurologic ab-
normalities worsened, and during the procedure the dog died
of cardiopulmonary arrest.
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Macroscopic and microscopic lesions. Gross examination at
necropsy revealed severe infective endocarditis. Although all
aortic cusps were involved, the most severely affected one was
the right coronary cusp (Fig. 3A and B). The noncoronary cusp
lesion infiltrated the atrial septum and protruded into the right
atrium near the region of the AV node. No myocardial infarcts
were noted. There was a mild fibrous subaortic ring present
and moderate left ventricular concentric hypertrophy. Histo-
pathology of the aortic valve revealed chronic, active, multifo-
cal, moderate suppurative endocarditis. The aortic valve cusps
contained fibroblasts, neutrophils, and hemosiderin-laden
macrophages. However, Warthin-Starry staining failed to re-
veal bacteria. Similarly, no bacteria were visualized by electron
microscopy on a fragment of the damaged aortic valve.

The dog’s environment. The dog lived in central California
in a household with several other pets, including three previ-
ously stray cats that were adopted 2.5 to 3 years prior to the
onset of the dog’s illness. The cats were 3 to 3.5 years old at the
time of this study. The dog and the cats were mainly indoor
pets, but they spent several hours a day outside in a fenced
yard. All animals were infested with fleas. The animals lived in
an area where ticks are endemic, but there was no history of
tick infestation. The pet’s owner is a human health care pro-
fessional employed by an area hospital.

Isolation and identification of Bartonella. Three blood cul-
tures for aerobic and anaerobic bacteria failed to grow bacte-
ria. However, blood collected from the dog at the same time
and cultured from the frozen-thawed EDTA tube grew a non-
hemolytic gram-negative organism after 8 days, with only a few
(seven), small (0.5 to 1 mm) white colonies. The colony growth
characteristics and morphology were suggestive of Bartonella
spp., based on time to appear, size, and color. Microscopic
examination demonstrated elongated, slightly curved, gram-
negative rods. PCR amplification with gltA primers produced a
400-bp fragment strongly suggestive of Bartonella. Digestion

with TaqI and HhaI endonucleases produced an RFLP profile
identical to that of B. clarridgeiae (ATCC 57134) and different
from those of B. henselae or B. vinsonii subsp. berkhoffii (Fig.
4). Furthermore, partial sequencing of the gltA fragment (275
bp) indicated a sequence that was 100% identical to B. clar-
ridgeiae (Table 1). The best score for the 16S rRNA gene
fragment (741 bp) from the search by the FastA program
yielded B. clarridgeiae as the closest match (Z score of 418.0,
versus 407.7 for B. henselae). None of the three cat blood
samples yielded any organisms on blood-enriched agar plates.

Serologic analysis. Serum antibodies to B. clarridgeiae, B.
vinsonii subsp. berkhoffii, and B. henselae were detected in the
dog by IFA assay at reciprocal titers of 2,048 for B. clarridgeiae
and 256 for the two other Bartonella species. The dog was also
seropositive for E. equi/E. phagocytophila (reciprocal titer, 100)
but was seronegative for E. canis, E. ewingii, B. burgdorferi, or
C. burnetii. All three cats were seronegative for B. clarridgeiae,
and two of the three cats had low titers for B. henselae (recip-
rocal titers of 128 and 64, respectively) and for B. vinsonii
subsp. berkhoffii (1:64). The dog’s owner was seronegative for
all three Bartonella species tested.

PCR heart valve analysis. Bartonella DNA was amplified
from the aortic valve but not from the pulmonic valve. After
digestion of the gltA fragment, the PCR-RFLP profile ob-
served was characteristic of B. clarridgeiae (Fig. 4) and the
partial sequence was identical to B. clarridgeiae (Table 1). Al-
though a fragment was amplified using the primers for the
Bartonella 16S rRNA gene, the product was not clean enough
for sequence analysis. No Ehrlichia or Borrelia DNA was am-
plified from the damaged aortic valve and the pulmonic valve.

DISCUSSION

We report here the first isolation of B. clarridgeiae outside of
its natural feline reservoir, as well as the first case of endocar-

FIG. 1. Electrocardiogram showing third-degree AV block. Paper speed, 50 mm/s; gain, 10 mm/mV.
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ditis associated with B. clarridgeiae. It is also the first clinical
case associated with the isolation of the infectious agent, as
human cases of cat scratch disease caused by B. clarridgeiae
have only been established serologically (29, 38, 46). In this
dog, several factors support causation, including (i) isolation of
the organism from blood, (ii) failure to isolate other bacteria
by conventional blood culture, and (iii) PCR amplification of
B. clarridgeiae DNA from the abnormal aortic valve but not the
normal pulmonic valve. Unfortunately, we were not able to
confirm microscopically the presence of bacilli in the damaged
valve. More likely, this negative result could be associated with
the paucity of bacilli in the lesion as well as the testing of a very
limited amount of the damaged tissue, most of it being used for
PCR testing. The valvular lesion was located mainly on the
aortic valve, as previously reported for Bartonella endocarditis
cases in dogs (6, 9). As reported by those authors, endocarditis
associated with Bartonella and other �-Proteobacteria mainly
involves the aortic valve (70%), in contrast to a review of five
studies of bacterial endocarditis in which the mitral valve was
involved more often than the aortic valve (67% versus 23%).
Increased predilection for aortic valve involvement could be
explained by preexisting valvular disease, such as subaortic
stenosis, for which boxers are congenitally predisposed. Simi-
larly, in humans, in a series of 33 patients with Bartonella

endocarditis, 29 (88%) had involvement of the aortic valve,
including 2 with concurrent aortic and mitral valvular involve-
ment, compared to only 4 patients with involvement only of the
mitral valve (43). In a cohort of 15 patients with Bartonella
endocarditis, more than half of the patients (53%) had preex-
isting valvular disease (34). Furthermore, the human case of
endocarditis caused by B. vinsonii subsp. berkhoffii had a bicus-
pid aortic valve with thickened cusps and significant regurgi-
tation (45), and the patient from whom B. elizabethae was
isolated had large vegetations on the aortic valve (19). In
humans, blood culture-negative endocarditis comprises be-
tween 5 and 30% of all cases of infective endocarditis (5, 50,
51). Bartonella endocarditis accounts for 3 to 10% of human
endocarditis cases (10, 33). In one series, Bartonella infection

FIG. 2. Two-dimensional echocardiograms recorded in right para-
sternal long axis (A) or short axis basilar (B), showing aortic valve
proliferative lesions (arrows) characteristic of infective endocarditis.
LA, left atrium; Ao, Aorta; RV, right ventricle. LV, left ventricule.

FIG. 3. (A) Gross pathological specimen of aortic valve vegetative
endocarditis. (B) Gross pathological specimen (close-up) of aortic
valve endocarditis showing vegetative lesions.
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accounted for 10 (3.3%) of 299 cases of endocarditis (10, 43),
and in another series of 369 patients with endocarditis, 38
(10.3%) were diagnosed with Bartonella sp. endocarditis (33).
Although the clinical incidence of infective endocarditis in
dogs is unknown, reported prevalences at necropsy vary from
0.06 to 6.6% (48). However, as in human beings (43), negative
blood cultures are obtained from a high number (24 to 75%) of
canine endocarditis cases (11, 12, 47). Unfortunately, no data
are available yet to determine the prevalence of Bartonella
endocarditis among all infective canine endocarditis cases.

B. clarridgeiae has been reported as a potential zoonotic
agent causing cat scratch disease, based on serologic evidence
(29, 38). Recently, Sander et al. (46) indicated that 3.9% of 724
patients suffering from lymphadenopathy had antibodies spe-
cific for the FlaA protein of B. clarridgeiae. Human cases of
endocarditis caused by B. clarridgeiae will likely be diagnosed in
the near future, just as B. vinsonii subsp. berkhoffii was initially
diagnosed in dogs and later in a human endocarditis case. It is
noteworthy that in the present case the dog’s owner was Bar-
tonella seronegative and therefore unlikely to have been in-
fected by Bartonella spp.

The source of infection and mode of transmission of B.
clarridgeiae for this dog will most likely remain unexplained.
The presence of several formerly stray cats in the household
could be the source of infection, as domestic cats have been
shown to be the main reservoir for B. clarridgeiae (17, 24, 28,
30). Although two of the three cats were B. henselae seropos-

itive, none had B. clarridgeiae-specific antibodies and all three
cats were Bartonella negative by blood culture, making it un-
likely that they were the origin of the dog’s infection. Bartonella
infections have been shown to be vector borne, and cat fleas
(Ctenocephalides felis) are the main vectors for cat-to-cat trans-
mission of B. henselae (18, 22). Cat fleas are also considered to
be the vector for B. clarridgeiae infection among cats (8). Fleas
and flea dirt were observed on the household cats and there-
fore could have been potential vectors for the dog’s Bartonella
infection, as cat fleas are also the main flea species that infests
dogs (3, 21). The dog was found to be not only Bartonella
seropositive but also seropositive for E. phagocytophila/E. equi,
an infectious agent known to be transmitted by ticks. The
observation of past tick exposure in this dog raises the possi-
bility of acquisition of the infection through a tick bite. Ticks
have been suspected as the possible vector of B. vinsonii subsp.
berkhoffii in dogs, based on epidemiological (41) and serolog-
ical (2, 7, 32) evidence, as most B. vinsonii subsp. berkhoffii-
seropositive dogs were also seropositive for E. canis or Babesia
canis. Similarly, Davoust et al. reported that B. vinsonii subsp.
berkhoffii-positive dogs were more likely to be infested by
Rhipicephalus sanguineus ticks (P � 0.001) (B. Davoust, M.
Drancourt, M. Boni, J. Signot, V. Roux, and D. Raoult, Eur.
Working Group on Rickettsia-Am. Soc. Rickettsiol. Joint
Meeting, Marseille, France, abstr. 232B, 1999). Tick transmis-
sion was also highly suspected in two human cases of B.
henselae infection (36). Finally, we have been able to identify
Bartonella DNA in Ixodes pacificus questing adult ticks from
coastal northern California (14). However, more investigations
are needed to better understand how B. clarridgeiae is trans-
mitted among cats and dogs, the respective roles of fleas and
ticks as vectors for this bacterium, and the potential risk for
humans to acquire this infection.
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