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Clinical Manifestations Associated with Bartonella henselae Infection in a Tropical Region
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Abstract. Bartonella henselae is a zoonotic Gram-negative Bacillus associated with self-limited regional lymphade-
nopathy. In recent decades, an expanding spectrum of clinical manifestations has been described, in part, due to
improved diagnostics. However, updated epidemiological data are sparse. We retrospectively reviewed the clinical
features of 31 patientswithB. henselae infection over 15 years from2005 to 2019, in the tropical Top End of Australia. Our
annual disease incidence of 1.3 cases per 100,000 population is lower than that in the national database surveillances in
the United States, but the hospitalization incidence of 0.9 per 100,000 population in our region is higher than those
reported in the literature, with an average length of stay of 9 days. Patients were more commonly male, aboriginal, and
aged less than 14 years (median age: 7 years), living in a rural setting with presentation during our monsoon season. The
disease spectrum included lymph node disease (74%), organ peliosis, endocarditis, cutaneous lesions, parapharyngeal
abscess, parotitis, and neurologic and ocular syndromes. Lymph node disease was far commoner in children than the
more serious systemic B. henselae infections associated with adults (P = 0.074). Although no deaths were reported,
significantmorbiditieswereobserved. Twoendocarditis casespresentedwithglomerulonephritis, andhematological and
neurological features mimicking vasculitis, and consequently received immunosuppressants. One case was only di-
agnosed after representation with serial embolic strokes. Given the heterogeneity of disease manifestations with non-
specific symptoms and significant consequences, a timely and accurate diagnosis is needed to avoid unnecessary
treatments or interventions.

INTRODUCTION

Bartonella species primarily affects animals, with humans
often infected incidentally. Of the 20 or more described spe-
cies, three species are responsible for the vast majority of
human bartonellosis. This includes Bartonella henselae—a
globally endemic slow-growing fastidious Gram-negative
Bacillus typically associated with self-limited regional lymph-
adenopathy (cat scratch disease [CSD]). Bartonella henselae
is linked epidemiologically to cats and the cat flea vector
Ctenocephalides felis.1 Since the discovery of B. henselae as
the causative agent for CSD and availability of serological
testing in the early 1990s, the clinical spectrum of B. henselae
infection has expanded considerably, especially in the last 20
years.1 Reported manifestations of B. henselae beyond the
eponymous lymph node disease include bacillary angioma-
tosis, visceral organ peliosis, endocarditis, cutaneous lesions,
and neurologic and ocular syndromes.1–4 Other than a multi-
center study by Tsuneoka and Tsukahara,5 broad epidemio-
logical exploration of the disease spectrum from a geographic
region, in particular a tropical region, is sparse. We reviewed
the incidence, clinical spectrum, and disease attributed to
B. henselae infection in patients presenting to hospitals in the
tropical Top End of Australia.

METHODS

The Top End of the Northern Territory (TENT) encompasses
the northernmost section of Australia, covering an area in
excess of 500,000 km2 with a sparse population of 180,000
and a distinct tropical monsoonal season. The TENT in this
study is defined by statistical area three regions of Darwin
urban (Darwin city, Darwin suburbs, and Palmerston), Litch-
field, Daly-Tiwi-West Arnhem, East Arnhem, and Katherine by

the Australian Bureau of Statistics (ABS).6 Patients with
probable B. henselae infection were identified retrospectively
by review of clinical presentations to the public hospitals in
Darwin, Palmerston, Katherine, and Gove with positive B.
henselae serology between May 2005 and November 2019
using the centralized laboratory Labtrak (Intersystems, Cam-
bridge, MA) database. Bartonella henselae infection was
considered probable if the following two criteria were met—1)
seropositivity,B. henselae serologywas considered positive if
the IgG titer was ³ 1:64 on indirect fluorescent antibody assay
and 2) the presence of at least two of the following four addi-
tional criteria: 1) clinical symptoms compatible with barto-
nellosis, 2) detection of B. henselae DNA in tissue or whole
blood by PCR, 3) histopathology findings typical of barto-
nellosis, or 4) exclusion of other clinical diagnoses on reviewof
investigations, serology, and clinical features. These criteria
were chosen as serological results alone can lack some de-
gree of specificity leading to false-positive results.1,7

The annualized disease incidence was calculated using
census data from 2011 (study midpoint) obtained from ABS.
Areas outside of Darwin urban is considered rural. Incidence
rate calculation and simple data analysis were performed
using Microsoft Excel. Categorical variables were analyzed
with two-tailed Fisher’s exact test using SPSS (IBM Corp.,
Armonk, NY, released 2017. IBM SPSS Statistics for Win-
dows, version 25.0). The map was created using QGIS 3.10
(Boston, MA).8 This study was approved by the Human Re-
search Ethics Committee of TENT Department of Health and
Menzies School of Health Research (Human Research Ethics
Committee 2019–3444).

RESULTS

Of the 15-year study period, 363 patients had B. henselae
serology requested in TENT. Bartonella henselae serology
was positive in 40 patients, and 31 patients fulfilled the criteria
for B. henselae infection. Of the 31 patients, the median age
was 7 years, and it was apparent that there were two distinct
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age-groups represented, those younger than14years (68%of
the patient group); and an older cohort, with a median age of
33 years. The demographic data of the 31 patients are pre-
sented in Table 1. There was a slight male preponderance and
overrepresentation of rural residence and aboriginal patients,
although not statistically significant. Geographical distribution
of the place of residence of the 31 patients is depicted in
Figure 1.
Incidence. Overall, annual infection incidence was 1.3

cases per 100,000 population. Incidence in aboriginal children
aged less than 14 years wasmarkedly higher than that in non-
aboriginal children, with a rate of 7.4 versus 2.0 cases per
100,000 per year, respectively. The annual incidences of rural
and urban cases were 1.7 versus 1.0 case per 100,000 per
year, respectively. Overall, incidence in children aged less
than 14 years compared with adults was 3.8 versus 0.6 cases
per 100,000 per year, respectively. The estimated incidence of
endocarditis is 0.9 cases per million population per year. The
majority (80%) of the cases presented in the monsoon and
“build-up” seasons, with a combined RR of 4.2 times, com-
pared with the dry season.
Diagnostics. Serological titers ranged from 1:64 to 1:

16,384 in our study. Among the 31 patients included in our
study, four patients had positiveB. henselaeDNA PCR (assay
performed in seven patients). Two of the three negative PCR
were performed on whole blood, and the third PCR was per-
formed on a sample obtained from fine needle aspirate. Given
there is a known false-positive rate with B. henselae serology,
weanalyzed the request numbers per year against the positive
results (Figure 2) to ensure that we were not just analyzing
false-positive serology.Bartonella henselae serology requests
increased markedly over the study period, possibly because
of increased recognition of the pathogen; the number of
positive results per year remained stable. Cross-reactivity of
antibodies was seen in three cases; one patient had probable
Q fever endocarditis with phase 1 Q fever IgG of 1:1,024
(corresponding B. henselae serology of 1:1,024; this patient
was excluded from the 31 clinical patients), and two other
patients had positive Chlamydia pneumoniae serology, in-
cluding a patient with Bartonella endocarditis.
Clinical.Seventy-four percent (23/31) of patients presented

with lymph node disease (Table 2). Among them, three

patients also had nonglandular manifestations of hepatic
peliosis, optic neuritis, and cutaneous lesions. The disease
spectrum in the remaining eight patients included optic neu-
ritis (n = 2), occlusive retinal vasculitis (n = 1), endocarditis (n =
2), splenic abscesses/peliosis (n=1), parapharyngeal abscess
(n = 1), and parotitis (n = 1). The majority of patients (22/30,
71%) were hospitalized for investigation and management,
giving an annual hospitalization incidence of 0. 9 per 100,000
population and an average length of stay of 9 days
(interquartile range: 4–15 days). One outpatient case with
lymphadenopathy was reviewed on a daily basis until di-
agnosis was made on tissue PCR.
Themedian time topresentationwas18, 21, 75, and21days

for all cases, CSD, endocarditis, and visceral bartonellosis,
respectively. The longest incubation was a year in one patient
who presented with cervical lymphadenopathy.
Lymphadenopathy tended to be regional (17/23, 74%),

multi-nodal on imaging (15/18, 83%), tender (9/13, 69%), and
associated with a significant overlying cutaneous swelling
(median, 4.5 cm) out of proportion to the size of the underlying
predominant lymph node (median, 2.1 cm) as measured on
ultrasound or computed tomography (CT) (Table 3). Lymph
node disease most commonly occurs in the cervical region.
Seven had suppurative lymphadenitis. Ten cases underwent
surgical excision or incisional drainage. One case required
two incisional drainages and subsequent azithromycin
treatment for a necrotizing suppurative granulomatous
lymphadenitis. Histological examination of excised lymph
nodes showed necrotizing granulomas (4/9, 44%), non-
necrotizing granulomas (3/9, 33%; two PCR positive, and
the third case had micro-abscesses), and abscess forma-
tion (5/9, 56%). One PCR-positive sample with non-
necrotizing granulomatous changes also had surrounding
lymphocytic vasculitis.
Systemic symptoms. Accompanying fevers (17/25, 68%),

lethargy (8/17, 47%), anorexia (6/15, 40%), diarrhea (5/16,
31%), weight loss (5/7, 71%), flu-like illness (4/14, 29%),
vomiting (4/15, 27%), sore throat (3/5, 60%), night sweats (3/3,
100%), and nonproductive cough (2/14, 14%) were reported.
Among the nonglandular manifestations, two middle-aged

aboriginal patients had aortic valve endocarditis with renal,
hematological, and neurological complications. Patient A

TABLE 1
Demographics of patients with Bartonella henselae infection in the Top End from 2005 to 2019

Parameter Age less than 14 years Age older than 14 years Total P-value

Number, n (%) 21 (68) 10 (32) 31 (100)
Age, median (interquartile range) (years) 5 (3–7) 33 (27–51) 7 (5–25)
Gender, n (%)
Male 12 (57) 6 (60) 18 (58) 1.00
Female 9 (43) 4 (40) 13 (42)

Ethnicity, n (%)
Aboriginal 14 (67) 5 (50) 19 (61) 0.45
Non-Aboriginal 7 (33) 5 (50) 12 (39)

Residence, n (%)
Urban 8 (38) 6 (60) 14 (45) 0.44
Rural and remote 13 (62) 4 (40) 17 (55)

Alcohol excess and/or homeless 0 (0) 5 (55) 5 (17)
Seasonality, n (%)
Monsoon 12 (57) 2 (20) 14 (45)
Dry 3 (14) 3 (30) 6 (19)
Wet season “build-up” 6 (29) 5 (50) 11 (36)
Monsoon season in theTopEnd includes themonths of January, February,March, andApril; dry season in the TopEnd includes themonthsofMay, June, July, andAugust;wet season “build-up”

months are September, October, November, and December.
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suffered serial embolic strokes, whereas patient B presented
with encephalopathy.
Patient A initially presented with a 4-month history of fa-

tigue, weight loss, acute renal failure, hypocomplementemia,
low positive antinuclear antibodies, low-level monoclonal IgM
cryoglobulinemia, anemia, and raised inflammatory markers
on a background history of known moderate aortic stenosis.
Patient B presentedwith amonth history of lethargy, anorexia,
andweight loss, and aweekhistory of behavioral change, self-
neglect, acute renal impairment, anemia, thrombocytopenia,
hypovolemic hyponatremia, hypocomplementemia, and posi-
tive serum c-antineutrophil cytoplasmic antibodies. Patient A
kept domestic cats and dogs, whereas patient B adopted three
feral kittens few months prior.
Renal biopsies from both patients showed prominent

diffuse IgM, C3, and C1q deposition predominantly in the
mesangium and some capillary loops. No focal proliferative

lesions or active crescents were seen. Both patients re-
ceived intravenous pulsed methylprednisolone and myco-
phenolate mofetil for an initial diagnosis of atypical lupus
nephritis.
However, patient A representedwith a rightmiddle-cerebral

artery embolic stroke 2 months later, and both patients be-
came febrile during their admissions. On further investiga-
tions, both patientswere found to have culture-negative aortic
valve endocarditis with mild-to-moderate aortic regurgitation
(1.4 cm mobile vegetation seen in patient A and 1 cm mobile
vegetation in patient B).
Patient A had a B. henselae serological titer of 1:256 and

positive B. henselae PCR in blood. Retrospective testing of
serum stored 2 months prior when he presented with acute
renal impairment revealed an initial titer of 1:1,024. In addition,
a review of patient A’s routine echocardiogram performed
6 months earlier showed the presence of the mobile

FIGURE 1. Geographical distribution of Bartonella henselae infections in the Top End from 2005 to 2019. This figure appears in color at
www.ajtmh.org.
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vegetation, suggesting achronicB.henselae infection.Patient
B had a serological titer of 1:16,384 but negative blood PCR.
Patient A underwent a valve replacement because of further

cerebral embolization despite 3.5 weeks of ceftriaxone,
trimethoprim/sulfamethoxazole, and vancomycin treatment. He
was continued on a week of doxycycline, and ceftriaxone with
synergisticgentamicinbeforevalve replacement, and iscurrently
completing 6 weeks of doxycycline treatment postoperatively
at the time of write-up. Histology and 16S PCR performed on
the excised valve confirmed B. henselae endocarditis.
Patient B was managed medically with an initial course of

doxycycline and synergistic gentamicin. However, due to
further renal impairment, gentamicin was replaced with a 2-
week course of rifampicin. Doxycycline was given for a year
until a 4-fold reduction in her serological titer was observed
(from1:16,384 to 1:4,096). Transthoracic echocardiogramat 1

year of treatment showed near-resolution of the aortic valve
vegetation and a stable aortic regurgitation. Improvement in
mental state, renal impairment, and hyponatremia were seen
on initial rehydration; however, complete resolution of all
symptoms and renal impairment were only observed on
commencement of doxycycline treatment.
On retrospective review of their kidney biopsies, it was

thought that the features were more consistent with glomer-
ulonephritis associated with chronic infection rather than lu-
pus nephritis.
Visceral peliosis. There were two cases of probable vis-

ceral peliosis in an 11-year-old boy and a 33-year-old female
with corresponding serological titers of 1:1,024 and ³ 1:4,096,
respectively. Both presentedwith fever, anorexia, weight loss,
and gastrointestinal symptoms. They are not known to have
any immunosuppressive condition. The child presented with

TABLE 2
Clinical and laboratory features of patients with Bartonella henselae infection in the Top End from 2005 to 2019
Parameter Age less than 14 years (n = 21) Age older than 14 years (n = 10) Total (n = 31) P-value

Admission status, n (%)
Inpatients 16 (76) 6 (60) 22 (71)
Outpatients 5 (24) 4 (40) 9 (29)

Inpatient length of stay, median (IQR) (days) 7 (4–11) 13 (6–17) 9 (4–15)
Duration of symptoms, median (IQR) (days) 18 (6–28) 52 (14–113) 18 (6–39)
Clinical,* n (%)
Lymph node disease 18 (86) 5 (55) 23 (74) 0.074
Visual loss/impairment 0 (0) 4 (44) 4 (13)
Hepatic or splenic peliosis 2 (10) 0 (0) 2 (6)
Parapharyngeal abscess 1 (5) 0 (0) 1 (3)
Cutaneous lesions 1 (5) 0 (0) 1 (3)
Culture negative endocarditis 0 (0) 2 (11) 2 (6)
Bilateral parotitis 1 (5) 0 (0) 1 (3)
Antimicrobials used, n (%) 18 (86) 5 (50) 23 (74)
Outcomes, n (%)
Improved/resolved 19 (90) 9 (90) 28 (90)
Recurrence 1 (5) 1 (11) 2 (7)
Unknown 1 (5) 0 (0) 1 (3)

Initial serological titer, n (%)
1:64 6 (29) 4 (40) 10 (32)
1:128 7 (33) 3 (30) 10 (32)
1:256 2 (10) 2 (20) 4 (13)
1:512 3 (14) 0 (0) 3 (10)
1:1,024 3 (14) 0 (0) 3 (10)
1:16,384 0 (0) 1 (10) 1 (3)
NA = no information available.
* Lymph node size on actual radiological measurement.

FIGURE 2. Bartonella henselae serology requests in the Top End from 2005 to 2019.
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splenic peliosis after 2 months of symptoms. Abdominal CT
scan revealed a bulky spleen with multiple 5- to 10-mm
hypoechoic irregular lesions, with slight wall vascularity on
ultrasound. Endocarditis was excluded on echocardiography.
Hewasmanaged conservativelywith 4months of doxycycline
and 10 days of synergistic gentamicin. Posttreatment ultra-
sound showed resolution of splenic lesions. The adult patient
initially presented with a 3.4-cm suppurative inguinal lymph-
adenitis. Multiple small hypodense liver lesions and a bulky
spleen were seen on CT scan. The patient underwent inci-
sional drainage of the lymph node and received a 2-week
course of empirical antimicrobials comprising of ceftriaxone
and cephalexin.
Ocular syndromes. Four patients presentedwithmonocular

visual loss. Two were diagnosed with optic neuritis, one with
ocular retinal vasculitis andonewith conjunctivitis. A patientwith
optic neuritis and conjunctivitis improved spontaneously over a
period of weeks to months. The remaining patient with optic
neuritis experienced visual improvement on pulsed methyl-
prednisolone followed by a month of oral steroid. No clinical
follow-upwas recorded for patientswith ocular retinal vasculitis.
Antimicrobial use.Overall, themajority (23/31, 74%) of the

patients received antimicrobial treatment. Failure of oral an-
timicrobial, in particular to flucloxacillin, was a common pre-
senting complaint for patients with lymph node disease.
Across the cohort, seven different classes of empirical anti-
microbial were prescribed. Seven patients (30%) received
more than three classes of antimicrobials. A patient with per-
sistent suppurative lymphadenitis received 28 days of anti-
microbials before treatment with azithromycin. Azithromycin
and doxycycline were the drugs of choice once bartonellosis
was suspected or confirmed, and synergistic gentamicin was
given in cases with systemic involvement.
Outcomes. No deaths occurred during the study period.

Two patients experienced symptom recurrence that resolved
on repeated surgical drainages in the case of suppurative
lymphadenitis and antimicrobials for the case with presumed
residual parapharyngeal abscess. One patient with necrotiz-
ing granulomatous lymphadenitis continued to have neck
swelling for a year, despite an excisional biopsy. The out-
comes of the cases with endocarditis, visceral peliosis, and
ocular syndromes were discussed earlier

DISCUSSION

Our study revealed that a range of clinical manifestations
due to B. henselae infection occur in our tropical population.
Similar to a Japanese multicenter study,5 typical CSD pre-
dominates (74%), followed by ocular syndromes and hep-
atosplenic lesions. Juvenile rheumatoid arthritis was not seen
in our cohort; however, nonglandular manifestations of
endocarditis, encephalopathy, parapharyngeal abscess, cu-
taneous lesions, and parotitis seen in our cohort were not
described in the 2006 Japanese series of 186 cases.5

In our cohort, the commonest presentation was being
young aboriginal male children from rural areas presenting
with lymph node disease. The overall infection incidence over
the 15-year period was 1.3 cases per 100,000 population per
year, whereas the infection incidences in all children, aborig-
inal children, and rural residents were 3.8, 7.1, and 1.7 cases
per 100,000 per year, respectively. Lymph node disease was
far commoner in children aged less than 14 years in contrast to
the more serious systemic B. henselae infections found in
older patients (86%versus55%)with a trend toward statistical
significance (P = 0.074). This observation was also noted by
Ronen et al.,9 where the differences between those younger
than 60s and older than 60s were statistical significant.
Most patients were admitted for investigations and man-

agement, requiring a median length of stay of 9 days and
multiple antimicrobial prescriptions. Our hospitalization in-
cidence (0.9 per 100,000 per year) and median length of stay
are higher than those found on national database surveil-
lances in the United States (hospitalization incidences:
0.19–0.86 per 100,000 per year and average length of stay:
3–4 days)10–12; it may be that the differential diagnoses for a
subacute to chronic unilateral lymphadenopathy in our pop-
ulation include tuberculosis andmelioidosis.13,14 In a series of
244 cases, concurrent Mycobacterium infection and neo-
plasm could be found in 5% of PCR-positive CSD.15 Other
reasons for the differences could be due to a higher rate of
severe lymphnodediseaseobserved in our cohortwhere 37%
(7/19) showed evidence of suppuration in comparison to
previous studies where the average suppuration rate was
27%,16 and due to poorer medical access, there might have
been a lower threshold to observe patients longer prior their

TABLE 3
Clinical features of patients with lymph node disease due to Bartonella henselae infection in the Top End from 2005 to 2019

Parameter Age less than 14 years (n = 18) Age older than 14 years (n = 5) Total (n = 23)

Location of lymphadenopathy, n (%)
Cervical 7 (39) 1 (20) 8 (35)
Submandibular 7 (39) 0 (0) 7 (30)
Axillary 0 (0) 2 (40) 2 (9)
Groin 2 (11) 1 (20) 3 (13)
Multiple sites 2 (11) 1 (20) 3 (13)

Cutaneous swelling, median (IQR) (cm) 4.5 (3–6) NA
Lymph node size,* median (IQR) (cm) 2.1 (1.5–2.5) 2.3 (1.7–3.4) 2.1 (1.6–2.5)
Multiple lymph node involvement per site (yes:no) 12:3 3:0 15:3
Associated clinical features (yes:no)
Tenderness 8:4 1:1 9:5
Suppuration/necrotic lymph node 5:11 2:1 7:12
Fever 8:8 4:0 12:8
Anorexia, diarrhea, vomiting, lethargy, flu-like symptoms 6:10 4:0 10:10
NA = no information available.
* Lymph node size on actual radiological measurement.
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return to rural and remote locations. Furthermore, the mor-
bidities associated with CSD can be underappreciated.17,18 In
a radiological case series, liver and spleen involvement was
found in 30%of the pediatric patients presentingwith regional
lymphadenopathy.19 These organ involvements and even
coexisting vertebrae involvement may not be clinically ap-
parent but can contribute to persistent fevers and illness.20–22

Lymph node disease in our cohort tended to be tender,
unilateral, and muti-nodal on imaging with a predominant
node and significant overlying cutaneous swelling out in
keeping with underlying lymphadenopathy. Cervical and
submandibular lymph nodesweremost commonly involved in
our cohort and as reported in a large case series by Moriarty
and Margileth,23 in contrast to the axillary and epitrochlear
regions reported in a majority of the 1,200 cases seen by
Carithers.16 This difference possibly relates to the site of
bacterial inoculation although we were unable to prove in our
cohort because of lack of information on the mechanism of
disease acquisition.
Among the nonglandular manifestations, all cases were

managed conservatively with good clinical outcome, except
for one endocarditis case and one parapharyngeal abscess
case who required surgical intervention.
Bartonella henselae can be readily found in blood vessel

walls during an infection23 and is known to cause angioproli-
ferative lesions such bacillary angiomatosis and organ pel-
iosis.24 Other associated vasculopathies are cutaneous and
ocular vasculitis, myocarditis and atherosclerosis formation.1

In our cohort, we report two cases of organ peliosis and one
occlusive retinal vasculitis. Similar to our two endocarditis
cases, there have been at least 58 case reports documenting
B. henselae infection–related glomerulonephritis presenting

with a variety of clinical, laboratory, and histological features
mimicking vasculitic glomerulonephritis including 12 cases
published in the last 5 years.25–36 One notable non-
endocarditis case ended up losing a renal allograft as a re-
sult.35 Diagnoses of bartonellosis inmany of these caseswere
often made on incidental finding of concurrent culture-
negative endocarditis, and in a significant number of cases,
an earlier diagnosis could have avoided unnecessary immu-
nosuppression, hence highlighting the need to consider Bar-
tonella or endocarditis-related glomerulonephritis as a
differential diagnosis in our population presenting with atypical
features of glomerulonephritis or vasculitis.
International series revealed a link between seasons and

CSD incidence.10–12,37–40 Infections in the Northern Hemi-
sphere have seasonality, with an increase in autumn and
peaks in December and January.10–12,37,39,40 Unlike these
locations, TENT experiences a tropical monsoonal climate
where 90% of rainfall occurs during the monsoon and “build-
up” seasons; temperature and humidity are much higher
during the monsoon and “build-up” seasons as than those
during the dry season.41 Consistent with the reporting of
higher infection incidences and summer peak in the warmer
southern states of the United States,10,12 a majority (80%) of
our cases presented during the warmer and more humid
seasons. An explanation is that fleas survive and reproduce
better in warm and humid environment.37,42 Analogous to
winter in temperate regions, human and companion animals
are more likely to stay indoors during the wet seasons, which
may account for an increased transmission rate.
The prevalence of B. henselae infection in our feline pop-

ulation was found comparable to the United States,43 and this
is reflected by a similar seroprevalence rate of 5% among

TABLE 4
Clinical spectrum of Bartonella henselae infections previously reported in Australian cases

First author Year/city n Description Treatment Outcome

Flexman et al.53 1995/Perth 1 CSD Nil Resolved
Wong et al.54 1995/Sydney 1 Extra-axial mass involving

trigeminal nerve, asthma,
ulcerated eczematous
postauricular lesion,
hepatosplenomegaly,
thickened nonfunctioning gall
bladder, turbid ascites, long
bone myeloid hyperplasia

Amoxicillin/clavulanic acid
(3 days), intravenous cefotaxime,
metronidazole, amikacin,
co-trimoxazole (1.5 months),
rifampicin
(1.5 months)

Resolved

Flexman et al.44 1997/Perth and Sydney 98 CSD No information (laboratory study) No information
Dondey et al.55 1997/Brisbane 1 Atypical Parinaud

oculoglandular syndrome
Fornix nodule excision,

ciprofloxacin (1.5 months)
Resolved

Roebuck56 1998/Sydney 1 Extra-axial mass arising from
the left trigeminal nerve

Craniotomy and biopsy,
co-trimoxazole, rifampicin

Resolved

Robson et al.57 1999/Southeast
Queensland

1 Paravertebral mass and
osteomyelitis

Gentamicin (5 days),
flucloxacillin, cephalothin
(5 weeks)

Resolved

Rosen et al58 1999/Perth 1 Neuroretinitis Nil Resolved
Grando et al59 1999/Melbourne 1 Parinaud oculoglandular

syndrome
Nil Resolved

Endaraet al.60,Omanet al.61 2001/Regional northern
Queensland

1 Endocarditis Valve replacement, flucloxacillin
(1 month), penicillin (1 month),
gentamicin (3 weeks), amikacin
(2.5 weeks), doxycycline
(6 months)

Good

Fournier et al.62 2002/Queensland 96 CSD No information (laboratory study) No information
Ullrich et al52 2012/Adelaide 1 Neuroretinitis Erythromycin (3 months) Improved
CSD = cat scratch disease.
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healthy individuals in anAustralian study.44,45 Despite this, the
overall infection incidence in our cohort is much lower than
reported incidences in the United States (1.3 versus 3.7–4.7
per 100,000 population).12,46 It is likely that this incidence is an
underestimate as diagnoses made in primary health care are
not captured inour study. Furthermore,most casesofCSDare
pauci-symptomatic and self-limiting, and hence may not re-
quiremedical attention.Outpatient incidencecouldpotentially
be as high as 24 times that of inpatient incidence as estimated
by a U.S. surveillance study.12

Transmission and epidemiology of B. henselae infection,
and its animal associations are not well characterized in re-
mote Aboriginal communities (RAC) in Australia. The RACs
have a lower average domestic cats per 100 people than
overall Australia average (7–9 versus 11 cats per 100 peo-
ple).47 In a point prevalence study in Sydney, 40% of young
feral catswere found to haveB. henselaebacteremia,whereas
only 16% of young domestic cats were bacteremic, sug-
gesting that feral animalsmaypose agreater infection threat in
Australia.43 Of note, Australian feral cat population density
appears to fluctuate with rainfall received, with a potential to
triple from 1.4 to 5.6 million after periods of high rainfall, es-
pecially in arid and semi-arid areas.48 Causative agents of
CSD including B. henselae and Bartonella clarridgeiae have
also been isolated from fleas,49 foxes,50 and ticks51 in Aus-
tralia. Bull ant was also implicated in a case of B. henselae
neuroretinitis.52 Other clinical cases from Australia are pre-
sented in Table 4. Although Bartonella species have yet to be
reported in Australian dogs, C. felis has been found on feral
dogs.63Given that theowneddogpopulation inRACs is oneof
the highest in the world (50–62 dogs per 100 people), canids
could potentially serve as the largest reservoir for disease
transmission in our population.
Limitations. As discussed earlier, this is a single regional

pathology center study, and data are skewed toward patients
with healthcare contact. Primary healthcare facilities in the
TENT are also served by other pathology providers.
In addition, this is a retrospective study with small numbers

where cases were identified based on available documented
information and relied on serological sensitivity. Epidemio-
logical risk factors such as cat or dog contact were not well
documented.
Diagnostic assays for B. henselae come with limitations.1

Serological testing has sensitivity as low as 54% depending
on accompanying clinical criteria used.44,64 There is also
known cross-reactivity with other serology even between
Bartonella species; hence, diagnosis of B. henselae infection
cannot be based on serology alone. PCR or genetic se-
quencing will be required to definably differentiate infection
between specific Bartonella species,1,65,66 but this is not al-
ways feasible, and PCR is not always positive even in proven
cases (sensitivity of 72–98% in tissue samples, 58% in blood,
and 18% in serum).1,7,67,68 As illustrated by patient A with
complicated endocarditis, the timing of serological testing is
certainly important, and if we had strictly adhered to the pro-
posed serological cutoff of > 1:800 for endocarditis di-
agnosis,62 we could potentially have missed his infection.

CONCLUSION

This study reviews clinical features of B. henselae infection
fromasingle tropical SouthernHemisphere location. Although

the clinical manifestations of B. henselae infection were typi-
cal, the transmission in our cohort and epidemiological as-
pects remain to be elucidated in detail. The heterogeneity
of presentations with nonspecific clinical symptoms and sig-
nificant morbidities highlights the need for better diagnostic
algorithm and testing to allow better documentation of the
disease epidemiology, spectrum, and treatment efficacy, and
most importantly facilitate timely diagnosis while avoiding
unnecessary antimicrobials, immunosuppressants, or
interventions.
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