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Abstract — Whole blood and serum from 93 cats (44 pets and 49 shelter/stray cats) from Denmark
were tested for the presence of feline Bartonella species by culture and for the presence of Bartonella
antibodies by serology. Bartonella henselae was isolated from 21 (22.6%) cats. Bacteremia preva-
lence was not statistically different between shelter/stray cats (13/49, 26.5%) and pet cats (8/44,
18.2%), but varied widely by geographical origin of the cats, even after stratification for cat origin or
age (p <0.001). All isolates but one were B. henselae type 1I. The only cat bacteremic with
B. henselae type I was not co-infected with B. henselae type I1. None of the cats was harboring either
B. clarridgeiae or B. koehlerae. Almost half (42/92, 45.6%) of the cats were seropositive for
B. henselae and antibody prevalence was similar in shelter/stray cats (23/49, 46.9%) and pet cats
(19/43, 44.2%). This is the first report of isolation of B. henselae from domestic cats in Denmark.
This study also indicates that domestic cats, including pet cats, constitute a large Bartonella reservoir
in Denmark.

Bartonella henselae /| Denmark / domestic cat / Felis catus

Résumé — Prévalence des infections a Bartonella sp. chez les chats domestiques au Danemark. Des
prélevements sanguins ont ¢té réalisés sur 93 chats danois (44 chats de propriétaire et 49 chats de four-
riere ou errants) afin d’établir la présence de Bartonelles par hémoculture et déterminer la prévalence en
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anticorps anti-Bartonella. Bartonella henselae a été isolée de 21 (22,6 %) chats. Les prévalences de
bactériémie n’étaient pas significativement différentes entre les chats de fourriére ou errants (13/49 ;
26,5 %) et les chats de compagnie (8/44 ; 18,2 %), mais étaient différentes en fonction de 1’origine
géographique des chats, méme apres stratification (p < 0,001). Tous les isolats saufun ont été identi-
fiés comme appartenant au type Il de B. henselae. Le seul chat infecté par B. henselae type 1 n’était
pas co-infecté par B. henselae type 1. Bartonella clarridgeiae et B. koehlerae n’ont été isolées d’au-
cun des chats. Presque la moiti¢ (42/92 ; 45,6 %) des chats avaient des anticorps anti-B. henselae en
immunofluorescence et la prévalence en anticorps était assez similaire chez les chats de fourriére ou
errants (23/49 ;46,9 %) et les chats de propriétaire (19/43 ;44,2 %). Cette étude constitue la premiére
mise en évidence de I’existence de Bartonella henselae chez les chats au Danemark et révele que les
chats domestiques, dont les chats de compagnie, représentent un réservoir important de Bartonelles

au Danemark.

Bartonella henselae / chat domestique / Felis catus /| Danemark

1. INTRODUCTION

Cat scratch disease is mainly caused by
Bartonella henselae [13, 36], but B.
clarridgeiae has also been linked to human
cases of cat scratch disease [29,31,41]. The
reservoir of Bartonella henselae and B.
clarridgeiae is the domestic cat [6, 23, 26,
30, 35], which can remain bacteremic for
months to years [1, 18, 27]. Cat-to-human
transmission occurs predominantly via a
cat scratch or bite, whereas the cat flea
(Ctenocephalides felis) is the primary vec-
tor of B. henselae from cat to cat [11, 16,
24]. Most naturally infected cats appear to
be asymptomatic, although clinical signs
have been observed in some experimentally
infected cats [18, 19, 28, 33]. Bartonella
koehlerae has only been isolated from the
blood of two naturally infected cats in
northern California and its pathogenic po-
tential for humans remains to be demon-
strated [15].

Vascular proliferative diseases, such as
bacillary angiomatosis and peliosis hepatis,
and inflammatory conditions such as endo-
carditis, encephalitis, abscessation and leuko-
cytoclastic vasculitis represent some of
the diverse manifestations of Bartonella
henselae infection in humans [8]. Bartonella
henselae isolates differing in their 16S rRNA

gene sequences (type I and type II) have
been found infecting cats and humans [5, 6,
14, 23, 39, 40]. It has been suggested that
these types may differ in their pathogenic-
ity [3, 5, 6, 37, 40].

Previous epidemiological studies of
Bartonella infection in domestic cats have
demonstrated serological prevalences rang-
ing from 4% to 81%, and bacteremia preva-
lence of up to 60% [7, 9, 12,25, 26]. In Eu-
rope, Bartonella infection in cats, based on
serology or bacterial isolation, has been re-
ported from Austria [2], France [10, 20, 21,
23], Germany [3, 22, 39], Switzerland [17],
The Netherlands [6], Portugal [7] and the
United Kingdom [4]. In most of these coun-
tries, B. henselae type Il was the most com-
mon type isolated from cats [3, 6, 21, 40].
Bartonella clarridgeiae was isolated from
20% to 30% of the French cats tested [21,
23] and 16% of the Dutch cats [6], but was
isolated from only one of the German cats
tested [3, 39]. No report of B. koehlerae iso-
lation from cats in Europe has been pub-
lished. No investigation of the presence of
feline Bartonella infection in Denmark has
been reported. The purpose of this study,
using a convenience sample of pet and shel-
tered Danish cats, was to investigate the
prevalence of infection (bacteremia and
presence of antibodies) and identified the
endemic Bartonella species in these cats.
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2. MATERIALS AND METHODS

2.1. Animals

A convenience sample of 93 cats, in-
cluding 44 pet cats presented to various vet-
erinary clinics, 40 cats from shelters in
main cities across Denmark and 9 stray cats
were enrolled in the study between August
27,1998 and September 23, 1998. The cats
were respectively from Northern and mid
Jutland (mainland Denmark) (44 cats, in-
cluding 28 pet cats, 11 shelter cats and
5 stray cats), southern Jutland (23 cats, in-
cluding 10 pet cats and 13 shelter cats), and
the cities of Odense (Island of Fynen)
(17 cats, including 3 pet cats and 14 shelter
cats) and Copenhagen (9 cats, including
3 pet cats, 2 shelter cats and 4 stray cats).
One serum sample was not available from
one of the cats. Most of the cats (74.2%)
were <2 years old and males accounted for
57% of the 93 cats (Tab. I). All shelter/stray
cats were less than 5 years old. For ecto-
parasite exposure, fleas were seen on
20 cats (11 (25%) pets and 9 (18.4%) shel-
ter/stray cats) and ticks on two cats (one pet
and one shelter cat).

2.2. Bartonella isolation from cat blood

Three milliliters (mL) of blood were
aseptically drawn from peripheral veins.
Two milliliters were collected into plastic
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ethylene diamine tetraacetate (EDTA)
tubes (Becton Dickinson, Franklin Lakes,
N.J., USA) for blood culture and 1 mL into
serum separating tubes (Becton Dickinson,
Franklin Lakes, N.J., USA) for serological
tests. The EDTA tubes were frozen at
—70 °C until plated. Serum separating tubes
were centrifuged at 500 x g, the serum re-
moved and frozen at—20 °C. Blood samples
were cultured on heart infusion agar con-
taining 5% rabbit blood for isolation of B.
henselae or B. clarridgeiae [12] and onto
chocolate agar plates for isolation of B.
koehlerae, as previously described [15].
The plates were incubated at 35 °C with 5%
CO, for at least four weeks. Plates were ex-
amined 2-3 times a week for any bacterial
growth. The number of colonies were
counted and calculated as colony forming
units (CFU)/mL. Colonies were Gram stain-
ed, sub-cultured, harvested and frozen at
—70 °C in 100% fetal calf serum.

2.3. Identification of isolates

Cat blood isolates were identified using
polymerase chain reaction/restriction frag-
ment length polymorphism analysis (PCR-
RFLP) of a fragment of the citrate syn-
thase gene [32, 34], and a fragment of the
16S rRNA gene sequence analysis [38].
Isolated strains were confirmed to be B.
henselae, B. clarridgeiae or B. koehlerae
by PCR/RFLP of the citrate synthase gene

Table L. Population characteristics of 93 cats from Denmark.

Age Pet Shelter Stray Total
(Year) M F M F M F M F
7 3 6 8 1 1 14 12
1 6 1 10 7 0 1 16 9
2 4 2 3 4 2 3 9 9
3 4 1 0 1 0 1 4 3
4 2 1 1 0 0 0 3 1
25 7 6 0 0 0 0 7 6
Total 30 14 20 20 3 6 53 40
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(gltA) using Hhal and Tagl endonucleases,
and the 16S-rRNA gene using Ddel re-
striction endonuclease [12, 15]. Positive
control samples included DNA from the
three references strains of B. henselae, B.
clarridgeiae or B. koehlerae and a sample
with no DNA template was used as a nega-
tive control. Rigorous precautions were
taken not to contaminate the samples prior
to gene amplification.

2.4. Polymerase chain
reaction/Restriction fragment
length polymorphism (PCR/RFLP)
procedures

Isolates were analyzed using PCR/
RFLP of the gltA gene and the 16S-TRNA
gene, as previously described [32, 34, 38].
After scraping off approximately 2 cm? of
confluent growth and suspending into
100 UL sterile water, the bacterial suspen-
sion was heated at 100 °C for 15 min and
then centrifuged at 15 000 x g for 10 min at
4 °C. Finally, 1:10 dilution of the super-
natant was used as DNA template. An ap-
proximate 400 base pairs (bp) fragment of
the gltA gene and 1 500 bp fragment of the
16S-rRNA gene were amplified, and then
verified by gel electrophoresis. The ampli-
fied product of the g/tA gene obtained with
the set of primers suggested by Norman
etal. [32] was digested with Tagl (Promega,
Madison, WI, USA) and Hhal (New Eng-
land Lab., Beverly, MA, USA) restriction
endonucleases. The amplified product of
the 16S-rRNA gene was digested with Ddel
(Boehringer Mannheim, GmbH, Germany)
restriction endonuclease. The digestion
conditions were the ones recommended by
the enzymes’ manufacturer. Banding pat-
terns were compared with type strains of
B. henselae Houston-1 (ATCC 49882), B.
henselae type 1I (strain U4, U.C. Davis),
B. clarridgeiae (ATCC 51734) and B. Koehle-
rae (ATCC 700693).
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2.5. Serological analysis

Antibody titers against B. henselae were
determined using an immunofluorescence
assay (IFA), as previously described [9, 35,
36]. Briefly, serum was serially diluted in
PBS and incubated on slides containing
FCWF (Felis catus whole fetus) cells in-
fected with 16S-rRNA sequence confirmed
strains of B. henselae type 11 (strain U4, UC
Davis). The slides were washed and probed
with FITC goat anti-cat IgG (H+L) conju-
gate (Cappel, Organon Teknika Corp., Dur-
ham, N.C., USA) and the fluorescence was
graded on a scale from 1 to 4 independently,
by the same two readers. The endpoint titer
was defined as the dilution for which an
agreement of the two readers was obtained.
Serum samples with a grade two fluores-
cence at a titer of > 64 were considered pos-
itive [9].

2.6. Statistical analysis

Non-parametric tests (chi-square test for
homogeneity, two-tailed Fisher’s exact
test) performed with Epi Info 6.04b, were
used to test for associations between cul-
ture positivity and putative risk factors,
such as age, sex, origin, and flea infestation.
Similar tests were performed to test for as-
sociations between seropositivity and the
same risk factors. Stratified analysis was
also performed to correct potential con-
founding effects caused by cat origin or age
using SAS software version 8.2.

3. RESULTS

Bartonella henselae was isolated from
21 (22.6%) cats. The number of colonies
ranged from one colony forming unit
(CFU)/mL to more than 2000 CFU/mL
(Tab. II). Bacteremia prevalence was not
statistically different between shelter/stray
cats (13/49, 26.5%) and pet cats (8/44,
18.2%). The level of bacteremia (CFU/mL)
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Table I1. Origin, number of colony forming units (CFU)/mL, Bartonella henselae type and IFA titer

in 21 bacteremic cats from Denmark.

Cat ID # Origin* CFU/mL B. Henselae type IFA titer
DK10 Sh 1 I 128
DK11 Sh 95 I 128
DK12 Sh 2 I 512
DK21 Sh 88 I 256
DK27 Sh 1 I 128
DK40 P 37 I 512
DK41 P 7 I 0
DK42 St 1 I 128
DK65 Sh 1 I 128
DK66 Sh 8 I 128
DK70 Sh 87 I 256
DK74 Sh 1 I 128
DK77 Sh 907 II 0
DK78 P 416 I 256
DK82 P 259 I 128
DK83 P 42 I 64
DK84 P 5 I 256
DKS85 P >2 000 I 128
DK88 P 5 I 512
DKO91 Sh 91 I 512
DK92 Sh 93 I 1024

* P: pet, Sh: shelter, St: stray.

was not related to either the cat origin or the
cat age. Bacteremia prevalence by locations
was respectively 4.5% (2/44) for cats from
northern/mid Jutland, 11.1% (1/9) for cats
from Copenhagen, 41.2% (7/17) for cats
from Odense (Fynen Island) and 47.8%
(11/23) for cats from southern Jutland, a dif-
ference statistically significant (p <0.001).
Cats from southern Jutland were 5.5 times
(95% confidence interval (C.I.) = 1.67,
17.97) more likely to be bacteremic than cats
from all other parts of Denmark. Cats from
southern Jutland and Odense were 13.64
times (95% C.1.=3.37, 77.22) more likely to
be bacteremic than cats from northern/mid
Jutland and Copenhagen. After stratifica-
tion for cat origin (shelter/stray or pet),
prevalence differences by geographical ori-
gin were still observed, with the highest
bacteremia prevalence (60%) observed in

cats from southern Jutland (Tab. III). Age
was not identified as a confounding factor.
Among shelter/stray cats, bacteremia de-
creased with age in the 0-2 years old group,
asrespectively 37.5% (6/16) of the less than
one-year-old cats, 28% (5/18) of the one-
year-old cats and 8.3% (1/12) of the
2-year-old cats were bacteremic. By com-
parison, none of the 10 pet cats < 1 year-old
were bacteremic, whereas 1 (14.3%) of the
7 one-year-old pet cats and 1 (16.7%) of the
six 2-year-old pet cats were bacteremic.
Three (15%) of the 20 flea-infested cats and
one of the two tick infested cats were
bacteremic, whereas 17 (23.9%) of the cats
on which no fleas were observed were
bacteremic. All isolates but one were B.
henselae type 1. The only cat bacteremic
with B. henselae type 1 was a seven years
old pet cat from southern Jutland that was
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Table III. Stratified analysis by origin and by age of the cats for the four geographical regions of

Denmark.
Pet Shetler/stray
Regions Bact. Pos. Bact. Neg. Bact. Pos. Bact. Neg.
North/Mid Jutland 2 0 16
Copenhagen 0 1 5
Odense (Fynen Is.) 0 7 7
South Jutland 6 5 8
Age <2 years Age =2 years
Regions Bact. Pos. Bact. Neg. Bact. Pos. Bact. Neg.
North/Mid Jutland 1 1 20
Copenhagen 0 1 4
Odense (Fynen Is.) 6 1 1
South Jutland 5 6 8

not co-infected with B. henselae type 11
(Tab. II). Neither B. clarridgeiae or B.
koehlerae was cultured from any cat.

Almost half (42/92, 45.6%) of the cats
were seropositive for B. henselae and anti-
body prevalence was similar in shelter/
stray cats (23/49, 46.9%) and pet cats (19/43,
44.2%). Among the 42 seropositive cats, al-
most two-third (64.3%) of the cats were
from southern Jutland or Odense. For cats
from Copenhagen and Odense, seroposi-
tive cats were either shelter cats (11/14,
78.6%) in Odense or stray cats (2/4, 50%)
in Copenhagen. There were more seroposi-
tive cats (51.3%) among the 37 pet cats than
among the 29 shelter/stray cats (34.5%)
from Jutland; however, that difference was
not statistically significant. Seroprevalence
by age groups was respectively 53.8%
(14/26) in the cats <1 year-old, 40%
(10/25) in the 1 year-old group, 22% (4/18)
in the 2 year-old group and 58.3% (14/24)
in the = 3 year-old group. Cats with titers

=512 were mainly cats <2 year-old (6/7,
86%) and culture positive cats (5/7, 71.4%).
However, 2 (9.5%) of the 21 culture posi-
tive cats were seronegative. Cats infested
with fleas (11/20, 55%) were more fre-
quently seropositive than cats not infested
with fleas (30/70, 42.8%), but that differ-
ence was not statistically significant.

4. DISCUSSION

This is the first report of the presence of
Bartonella infection in domestic cats in
Denmark. As reported for cats in other Eu-
ropean countries [3, 6, 10, 21, 23, 39, 40],
B. henselae is common in this sample of
Danish domestic cats. However, most of
these studies, like ours, were performed on
convenience samples that may not be fully
representative of the cat population of these
various countries. Nevertheless, the 26.5%
prevalence of bacteremia observed in the



Bartonella infection in Danish cats 211

Danish shelter/stray cats is in the range of
values reported in sheltered cats in the
Netherlands [6] or in stray cats in Berlin,
Germany [3]. The bacteremia prevalence
(18.2%) in these Danish pet cats was
slightly higher than the values (11-16.5%)
previously reported in similar studies for
pet cats in other western European coun-
tries [10, 21, 39]. We observed geograph-
ical differences for bacteremia prevalence,
even after stratification for cat origin or age,
with the highest rates being found in cats
from Southern Jutland and from Odense
(Fynen Island). In Odense, all bacteremic
animals were shelter cats, whereas in south-
ern Jutland, both pet cats and shelter cats
were bacteremic. Our data suggest a higher
prevalence of B. henselae infection in cats
from southern Denmark. However, such re-
sults will need to be validated on a larger
sample of cats, randomly selected. Among
young cats, shelter cats were more fre-
quently bacteremic than pet cats. Presence
of ectoparasites was not associated with
presence of bacteremia.

All isolates but one belonged to the
type II group of B. henselae. As previously
reported for similar studies in many west-
ern European countries, B. henselae type 11
was the dominant Bartonella species and
type isolated from domestic cats [3, 6, 21,
23]. The prevalence of feline B. henselae
types in Danish cats was similar to that ob-
served in cats from Germany [3, 40], with
the limitation associated with the type of
study (convenience sampling) performed in
either Denmark or Germany. Prevalence of
B. clarridgeiae appears to be quite low in
Denmark, as previously observed in Ger-
many, as neither this study nor the one by
Sander et al. [39] were able to isolate this
Bartonella species, and only one cat from
Berlin was infected with B. clarridgeiae
[3]. These data are in contrast to the higher
prevalence of B. clarridgeiae observed in
Dutch and French cats [6, 21, 23]. Despite
all our attempts to isolate B. koehlerae on
specific media, no culture from our cat pop-

ulation yielded this new feline Bartonella,
only reported from domestic cats from
northern California [15].

Bartonella henselae antibodies were de-
tected in 46.7% of the cats, suggesting that
this infection is widespread in the Danish
cats we studied, but seropositive cats were
mainly from southern Jutland and from
Odense. Such a prevalence is within the
range of values reported in similar studies
on a convenience sample of cats from vari-
ous parts of Western Europe [4, 6,21], butis
higher than the prevalence reported in pet
cats from Switzerland (8.3%) or from Ger-
many (15%) [17, 22]. As previously re-
ported, cats with high antibody titers
(=512) are more likely to be bacteremic [9],
but some cats can be bacteremic without
any antibodies [9, 30].

In conclusion, the epidemiology of
Bartonella infection in Danish cats appears
similar to the epidemiology of the infection
in German cats, as far as Bartonella species
and type are concerned, and differs from
what has been reported for cats from either
France or the Netherlands. This study sug-
gests that infection is common in Danish
domestic cats, which represent an impor-
tant reservoir of infection for humans.
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