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This study is the first confirmation of Rickettsia felis in
Australia. The organism was identified from 4 species of
fleas obtained from dogs and cats in Western Australia, by
using polymerase chain reaction amplification and DNA
sequencing of the citrate synthase and outer membrane
protein A genes.

everal rickettsial diseases have been documented in

Australia, namely, Queensland tick typhus (Rickettsia
australis), scrub typhus (Orientia tsutsugamushi), murine
typhus (R. typhi), and more recently, Flinders Island spot-
ted fever (R. honei), as well as the closely related Q fever
(Coxiella burnetii) and cat scratch fever (Bartonella
henselae) (1,2). Cases of murine typhus have been report-
ed in Western Australia (WA) since 1927, and a serologic
survey provided evidence that members of the closely
related spotted fever group (SFG) rickettsiae are also pres-
ent in the state (3,4).

R. felis is a newly discovered species within the SFG; it
is transmitted by fleas, which makes it unique within the
biogroup. The species was first detected in the cat flea,
Ctenocephalides felis, and subsequently has been deter-
mined to cause human disease in a number of countries
(5-8). A recent study in New Zealand provided the first
report of the organism in Oceania (9). Infected domestic
and wild animals may not exhibit clinical disease and act
as reservoirs of infection for humans. No definitive reports
of the organism have been made in Australia, however, a
study of cat fleas that used polymerase chain reaction and
restriction fragment length polymorphisms of the amplifi-
cation products (PCR-RFLP), provided strong evidence
that R. felis exists (10). Our study aimed to confirm the
presence of R. felis in Australia and to determine the distri-
bution of the organism in WA. This study was approved by
the Murdoch University Animal Ethics Committee.

The Study

Samples were collected from 8 regional centers
throughout WA: Esperance, Albany, Augusta, Manjimup,
Busselton, Bunbury, Pinjarra, and Geraldton. Veterinarians
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from each site collected fleas from dogs and cats, pre-
served them in 70% ethanol, and sent them to Murdoch
University for identification and analysis. The fleas were
identified by using light microscopy. For each of the sam-
pled 116 dogs and 43 cats, 1-5 fleas were pooled to
increase the likelihood of finding rickettsial DNA. DNA
was extracted from each flea pool by using a Qiagen
QIAmp DNA minikit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions.

Initial PCR targeted the citrate synthase (gltA) gene,
which is conserved across the genus Rickettsia. Primers
and PCR conditions were sourced from the literature (11).
Samples positive by the initial screening PCR were then
selected for a second round of PCR targeting the outer
membrane protein A gene (ompA), which is specific for
spotted fever group (SFG) rickettsiae (12), and thus distin-
guishes R. typhi and B. henselae, which are also found in
fleas and would be detected with the gItA PCR, from R.
felis. PCR conditions were validated and optimized by
using R. typhi- and R. felis-positive controls.

All PCR products were separated on a 1% agarose gel
at 86 V for 30 min and visualized under UV light. Eight C.
felis samples that were positive for both gltA and ompA
were sequenced by using the gItA primers. Two of these
samples were also sequenced by using ompA primers. The
products of the PCR were extracted from the agarose for
sequencing by using the Qiagen gel extraction kit (Qiagen)
according to the manufacturer’s recommendations.
Purified PCR products were sequenced by using the Big
Dye version 3.1 terminator kit (Applied Biosystems,
Foster City, CA, USA) and the Applied Biosystems 373
automatic sequencer and were compared to those of previ-
ously characterized rickettsiae in GenBank by using
BLAST (available from http://www.ncbi.nim.nih.gov)
analysis.

Conclusions

Atotal of 368 fleas collected from 43 cats and 116 dogs
were pooled into 165 flea pools (mixed infections from 6
animals meant 6 more flea pools than the total number of
animals). Four different species of flea were identified: C.
felis (49 from 38 cats and 241 from 99 dogs), C. canis (12
from 7 dogs), Echidnophaga gallinacea (4 from 3 cats and
57 from 16 dogs), and Spilopsyllus cuniculi (5 from 2
cats). Six dogs had a mixed population of fleas; 4 of these
had C. felis and E. gallinacea, and 2 had C. felis and C.
canis.

Forty-two (36%) of the 116 flea pools from dogs were
positive for both the gltA and ompA genes. Similarly, 14
(33%) of 43 flea pools from cats were positive for both
genes. Notably, positive samples were obtained from all
the locations in the study, indicating widespread distribu-
tion throughout the state (Table).
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DISPATCHES

Table. Flea species positive for rickettsiae from dogs and cats in Western Australia®

Location Animal No. animals  No. flea pools Flea species No. gltA+ompA+ (%) Genes sequencedf
Broome Dog 4 4 Echidnophaga 2 (50) ns
gallinacea
Geraldton Cat 17 14 Ctenocephalides felis 6 (43) ns
3 E. gallinacea 1(33) ns
Dogt 38 30 C. felis 14 (46) ns
10 E. gallinacea 2 (20) ns
Pinjarra Cat 1 1 C. felis 0(0)
Dog 7 7 C. felis 3(43) gltA
Manjimup Cat 4 4 C. felis 1(25) ns
Dog 6 6 C. felis 3 (50) gltA
Bunbury Cat 5 5 C. felis 2 (40) ns
Dog 6 6 C. felis 3 (50) gltA
Busselton Cat 10 8 C. felis 3(38) ns
2 Spilopsyllus cuniculi 0
Dog§ 33 28 C. felis 6 (21) gitA, ompA
7 C. canis 0
1 E. gallinacea 0
Augusta Cat 1 1 C. felis 0
Dog 2 2 C. felis 1 (50) gltA
Albany Dog 10 10 C. felis 5 (50) gitA
Esperance Cat 5 5 C. felis 3 (60) ns
Dogfl 10 10 C. felis 3(30) ns
1 E. gallinacea 0

*Fleas were collected from 116 dogs and 43 cats. 6 animals were co-infected with 2 different species of fleas as indicated.
tns, no sequencing performed on this sample; gltA-gltA segment sequenced; ompA—-ompA gene segment sequenced.

FTwo dogs had C. felis and E. gallinacea.
§One dog had C. felis and E. gallinacea, 2 dogs had C. felis and C. canis.

1IOne dog had C. felis and E. gallinacea; gltA, citrate synthase gene; ompA, outer membrane protein A gene.

Of the 8 samples from C. felis positive for both gltA and
ompA genes that were sequenced by using the gltA
primers, all sequences matched the gltA gene from R. felis
(99% similarity). Of the 2 samples that were also
sequenced by using ompA primers, the sequences matched
the R. felis ompA gene (100% similarity).

Our study demonstrates that R. felis is present in multi-
ple sites in WA and was conclusively present in 1 of the 4
flea species collected (C. felis). The results obtained from
2 rounds of PCR are highly indicative of R. felis infection
in E. gallinacea also. Because C. felis has the highest rate
of infection and is prevalent, highly mobile, and nonspecif-
ic in its choice of hosts (including humans), it is likely to
be the most important vector of the organism. C. canis has
been identified as a vector of R. felis (13); however, this
finding was not supported by our study. The presence of R.
felis in E. gallinacea has been previously reported (14). To
our knowledge, this is the first time a rickettsia has been
detected from S. cuniculi, which could also be a potential
vector for R. felis.

The significance of R. felis as a cause of human disease
in WA has not yet been determined. Because of the often
transient and nonspecific symptoms of rickettsioses, infec-
tions may not be readily detected. A serologic survey con-
ducted in the Kimberley region of WA (10) showed
evidence of scrub typhus and an SFG rickettsia, but no fur-
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ther work has identified the specific organism responsible
for the latter. Another serologic study of 866 people
throughout southwest WA showed evidence of infection
with R. typhi (0%-1%) and another undetermined SFG
rickettsia (3%-13%). During the same study, fleas were
collected from cats and dogs in Perth and screened for
rickettsiae by using PCR-RFLP of the gltA gene; the
results provided evidence for the existence of R. felis.
However, no sequencing data confirmed its presence (4).

The results from the current study showed that the gltA
gene from all the sequenced samples most closely matched
the gltA gene in the species R. felis. The identity of the
sequenced samples as R. felis was confirmed by the ompA
gene sequences. Therefore, the other samples shown to be
positive for SFG rickettsiae in the PCR screening process
are probably also R. felis.

This study has confirmed the presence of R. felis in
WA, consequently, this rickettsial disease should be
included as a differential diagnosis for influenzalike ill-
nesses in persons who own or work with companion ani-
mals.

Acknowledgments

We thank Stephen Graves, the World Health Organization
Rickettsia Reference Center, and the Centers for Disease Control
and Prevention, for providing R. typhi- and R. felis—positive con-

Emerging Infectious Diseases ¢« www.cdc.gov/eid « Vol. 12, No. 5, May 2006



trols, R. Hobbs for assistance with the identification of fleas, and
the staff at the veterinary practices for collecting fleas and data.

Financial support for the study was provided by Murdoch
University.

Mr Schloderer completed a Bachelor of Science at Murdoch
University. This work formed part of his research which concen-
trated on investigating Rickettsia spp. in companion animals in
Western Australia.

References

1. Branley J, Wolfson C, Waters P, Gottlieb T, Bradbury R. Prevalence
of Bartonella henselae bacteremia, the causative agent of cat scratch
disease, in an Australian cat population. Pathology. 1996;28:262-5.

2. Graves S. Rickettsial diseases: the Australian story so far. Pathology.
1998;30:147-52.

3. Saint E, Drummond A, Thorburn I. Murine typhus in Western
Australia. Med J Aust. 1954;6:731-7.

4. Graves S, Wang L, Nack Z, Jones S. Rickettsia serosurvey in
Kimberley, Western Australia. Am J Trop Med Hyg. 1999;60:786-9.

5. Higgins J, Radulovic S, Schriefer M, Azad A. Rickettsia felis: a new
species of pathogenic rickettsia isolated from cat fleas. J Clin
Microbiol. 1996;34:671-4.

6. Richter J, Fournier P, Petridou J, Haussinger D, Raoult D. Rickettsia
felis infection acquired in Europe and documented by polymerase
chain reaction. Emerg Infect Dis. 2002;8:207-8.

7. Schriefer M, Sacci J, Dumler J, Bullen M, Azad A. Identification of a
novel rickettsial infection in a patient diagnosed with murine typhus.
J Clin Microbiol. 1994;32:949-54.

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 5, May 2006

Rickettsia felis in Fleas, Western Australia

8. Raoult D, La Scola B, Enea M, Fournier P, Roux V, Fenollar F,
Galvao M, Lamballerie X. A flea-associated rickettsia pathogenic for
humans. Emerg Infect Dis. 2001;7:73-81.

9. Kelly PJ, Meads N, Theobald A, Fournier P-E, Raoult, D. Rickettsia
felis, Bartonella henselae, and B. clarridgeiae, New Zealand. Emerg
Infect Dis. 2004;10:967-8.

10. Kilminster T. An investigation of typhus in Western Australia [thesis].
Western Australia: University of Western Australia; 1997.

11. Regnery R, Spruill C, Plikaytis B. Genotypic identification of rick-
ettsiae and estimation of intraspecies sequence divergence for por-
tions of two rickettsial genes. J Bacteriol. 1991;173:1576-89.

12. Marquez F, Muniain M, Soriguer R, lzquierdo G, Rodriguez-Bano J,
Borobio M. Genotypic identification of an undescribed spotted fever
group rickettsia in Ixodes ricinus from southwestern Spain. Am J
Trop Med Hyg. 1998;58:570-7.

13. Parola P, Sanogo O, Lerdthusnee K, Zeaiter Z, Chauvancy G,
Gonzalez J, et al. Identification of Rickettsia spp. and Bartonella spp.
in fleas from the Thai-Myanmar Border. Ann N Y Acad Sci.
2003;990:173-81.

14. Williams SG, Sacci JB Jr, Schriefer ME, Andersen EM, Fujioka KK,
Sorvillo FJ, et al. Typhus and typhuslike rickettsiae associated with
opossums and their fleas in Los Angeles County, California. J Clin
Microbiol. 1992;30:1758-62.

Address for correspondence: Helen Owen, Murdoch University,
Veterinary and Biomedical Science, South Str, Murdoch, Perth, Western
Australia 6150, Australia; email: 19507648@student.murdoch.edu.au

Use of trade names is for identification only and does not imply
endorsement by the Public Health Service or by the U.S.
Department of Health and Human Services.

Search

past issues

Onlne

www.cdc.gov/eid

843





