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(CATTGTTCGTCAGGTTGGCG-3") primers to amplify a
fragment of the riboflavin synthase gene (ribC) of Bartonella
and the 17 kD antigenic gene of Rickettsia, as described by
Johnson et al. (2003) and Webb et al. (1990). We amptified
the citrate synthase (g/tA) and 16s rDNA genes from
specimens with unidentified Rickettsia spp., using primers
described by Roux et al. (1997) and the Rick16sF1 (3’
GTATGCTTAACACATGCAAGTCGAAC 35’) and
Rick16sR4 (3> TCCGCGATTACTAGCGATTCC 5’) primers.
The PCR amplification cycle for the Rick16sF1 and
Rick16sR4 primers consisted of an initial DNA degradation
at 95° C for 5 min, followed by 30 s denaturation at 95°C,
primer annealing at 55° C for 1 min, and extension at 72°C
for 2 min. Samples were amplified for 45 consecutive cycles
with a 10-min final extension at 72° C. All stock PCR and
sequencing primers were at concentrations of 20 pMol. Each
PCR tube contained 12.5 pl of Taq PCR Master Mix Kit
(Qiagen, Valencia, CA), 7.5 ul of nuclease-free water, 1.25
pl of each primer, and 2.5 ul of DNA extract in water. PCR
products were separated by 2% agarose gel electrophoresis
and visualized under ultraviolet light with ethidium bromide.
Positive and negative controls were used in all screens and
consisted of genomic DNA of B. henselae, R. rickettsii, or
distilled water. Products were purified with a QIAquick PCR
Purification Kit (Qiagen, Valencia, CA). Duplicate sequencing
reactions were performed with a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA)
using PCR primers, and excess dye was removed with a DyeEx
2.0 column (Qiagen, Valencia, CA). Sequences were
determined using an ABI 3100 capillary sequencer (Applied
Biosystems, Foster City, CA). Primer sequences were removed
and sequences assembled with Seqmerge (Accelrys, San
Diego, CA). Assembled sequences were compared to those
in GenBank using the BLAST 2.0 program (NCBI, Bethesda,
MD). Identification of bacterial species was based on
sequence similarity to known species. Novel sequences were
determined to represent unique taxa.

PCR products from the 17kD antigenic gene were
digested with 4/ul for a restriction fragment length
polymorphism (RFLP) pattern. Samples (5ul) of amplified
PCR products from Rickettsia sp. Rf2125 genotype, Rickettsia
sp. Rf31 genotype, R. typhi, R. rickettsii, and R. felis were
subjected to the restriction endonuclease 4/ul (New England
Biolabs, Beverly, MA) digestion at 65° C for 6 h in 10 ul
volumes, as recommended by the manufacturer. Digested
samples were separated by 4.5% agarose gel electrophoresis
and visualized under ultraviolet light with ethidium bromide.
Voucher specimens of each flea and louse species are
deposited in the CUAC. Accession numbers for the DNA
sequences are deposited in GenBank, with the following
accession numbers 7ibC for Bartonella sp. Oh6 (AY953283),
B. henselae (AY953284), 17 kD antigenic gene for R. typhi
(AY867871), Rickettsia sp. Rf31 (AY953285), Rickettsia sp.
Rf2125 (AY953286), and Rickettsia sp. Ohl6 (AY953287),
gltA from Rickettsia sp. Rf31 (AY953288) and Rickettsia sp.
Rf2125 (AY953289), and the 16s IDNA from Rickettsia sp.
Oh16 (AY953290).

RESULTS AND DISCUSSION

We collected and screened a total of 42 lice and 38 fleas.
DNA from Bartonella and Rickettsia were detected in 23
individual fleas and two pools of lice (Table 1). The prevalence
of rickettsial agents ranged from 100% for three Rickettsia
spp. in Ctenocephalides felis (Bouché) and pools of
Enderleinellus marmotae Ferris, to no detectable rickettsial
DNA in the remaining species of lice. PCR products from
positive controls were present during all reactions, and PCR
with the negative control amplified nothing.

Species in the genus Barfonella are Gram-negative
bacteria that infect erythrocytes of vertebrates and are
putatively transmitted by hematophagous arthropods. There
are at least 16 species or subspecies of Bartonella and at least
nine of these are associated with disease in humans (Ciervo
and Ciceroni 2004, Dehio et al. 2004). The arthropod vectors
and transmission cycles of most Bartonella spp. are unknown.
We detected two Bartonella spp. in fleas and none in lice.

Bartonella henselae, the causative agent of cat scratch
disease, has a worldwide distribution and is associated with
domestic cats, Felis silvestris Schreber, and the cat flea, C.
felis (Chomel et al. 1996). Experimental evidence implicates
C. felis as the enzootic vector of B. henselae to cats (Chomel
et al. 1996), but additional routes of transmission and vectors
probably exist. Cat scratch disease is rarely fatal but more
than 22,000 cases occur in the United States annually (Kaplan
et al. 2002), making it one of the most common arthropod-
associated diseases in the U.S.A.

DNA from B. henselae was detected in 2/19 C. felis from
Virginia opossums, Didelphis virginiana Kerr. The presence
of B. henselae in wild-caught cat fleas implicates both C. felis
and opossums in maintaining this pathogen. If cat fleas are
competent vectors of B. henselae, they could serve as
reservoirs and potential bridge vectors between wild mammals
and pets or humans. Fleas collected from pets were negative
for the ribC of Bartonella and were determined to be
uninfected (Table 1). However, domestic animals such as pet
cats and dogs might be exposed to fleas from peridomestic
mammals such as the Virginia opossum.

Orchopeas howardi (Baker) is mainly an ectoparasite of
tree squirrels but over 53 arboreal animals including raccoons,
opossums, squirrels, and eight species of birds have been
recorded as hosts of this flea (Lewis 2000). The eastern gray
squirrel, Sciurus carolinensis Gmelin, is naturally infected
with Bartonella spp. and the vectors of these bacteria are
suspected to be ectoparasitic arthropods (Bown et al. 2002).
Kosoy et al. (2003) reported that some Barfonella of rodents
are infectious to humans, but there is no evidence that the
squirrel agents are pathogenic to humans or squirrels.
Bartonella sp. Oh6 genotype was detected in a squirrel flea,
O. howardi. The sequence of the PCR amplicon from this
bacterium was 97% similar to Bartonella birtlesii. Bartonella
birtlesii naturally infects mice, Apodemus spp., (Bermond et
al. 2000) and might be closely related to the Bartonella spp.
of squirrels. Durden et al. (2004) reported two novel
Bartonella spp. from O. howardi collected from squirrels in
southern Georgia but sequenced the citrate synthase gene
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Table 1. Fleas and lice screened for Rickettsia and Bartonella species in South Carolina, U.S.A.; 1931-2004.

Rickettsia spp. Bartonella spp.
Number of arthropods detected detected
Arthropod species examined Collection data (prevalence) (prevalence)
Bovicola caprae (Gurlt) 3 (1 pool) Pickens Co., Sixmile, 8 No ) No
February 2003, ex Capra hircus
Linnaeus
Ceratophyllus celsus Jordan 4 Oconee Co., Seneca River No No
Bridge, 12 July 2004, ex
Petrochelidon pyrrhonota
(Viellot) nest
Ctenocephalides felis (Bouché) 1 Pickens Co., Clemson, 9 June Rickettsia sp. Bartonella henselae
2004, ex Didelphis virginiana Rf2125 genotype )
Kerr /1)
Ctenocephalides felis 4 Pickens Co., Clemson, 9 June Rickettsia sp. No
2004, ex D. virginiana Rf2125 genotype
(4/4)
Ctenocephalides felis 5 Pickens Co., Clemson, 22 June Rickettsia sp. Bartonella henselae
2004, ex D. virginiana Rf2125 genotype (1/5)
(5/5)
Ctenocephalides felis 1 Pickens Co., Clemson, 13 June Rickettsia sp. No
2004, ex Felis silvestris Rf2125 genotype
Schreber (domestic cat) amny
Ctenocephalides felis 1 Cherokee Co., Gaffney, 7 Rickettsid sp. Rf31 ~ No
November 1993, ex Canis lupus  genotype (1/1)
Linnaeus (domestic dog)
Ctenocephalides felis 4 Pickens Co., Central, 30 Rickettsia sp. No
November 2004, ex F. silvestris ~ Rf2125 genotype
(4/4)
Ctenocephalides felis 3 Pickens Co., Clemson, 22 Rickettsia sp. No
December 2004, ex C. lupus Rf2125 genotype
(3/3)
Enderleinellus marmotae Ferris 6 (2 pools) Pickens Co., Clemson, 11 May Rickettsia typhi No
2004, ex Marmota monax (2/2)
(Linnaeus)
Haematopinus suis (Linnaeus) 1 Aiken Co., White Pond, 12 No No
November 1963, ex Sus scrofa
Linnaeus
Haematopinus suis 1 Pickens Co., Clemson, 18 April  No No
1968, ex §. scrofa
Haematopinus suis 1 Pickens Co., Clemson, 10 No No
January 1984, ex S. scrofa
Linognathus africanus Kellogg 3 (1 pool) Pickens Co., Sixmile, 8 No No
and Paine February 2003, ex C. hircus
Linognathus vituli (Linnaeus) 3 (1 pool) Pickens Co., Clemson, 1 No No
January 1931, ex Bos taurus
Linnaeus
Neohaematopinus sciuri 6 (2 pools) Anderson Co., Fants Grove, 10 No No
(Osborn) May 2003, ex Sciurus
carolinensis Gmelin
Neohaematopinus sciuri i Anderson Co., Pendelton, 15 No No
May 2004, ex S. carolinensis
Orchopeas howardi (Baker) 1 Pickens Co., Clemson, 16 June No No
2004, ex S. carolinensis
Orchopeas howardi 11 Greenville Co., Greenville, 21 No Bartonella sp. Oh6
September 2004, ex S. near B. birtlesii
carolinensis (1/11)
Orchopeas howardi 3 Anderson Co., Anderson, 30 Rickertsia sp. Ohl6  No
June 2004, ex S. carolinensis (1/3)
Pediculus humanus capitus De 3 (1 pool) Greenville Co., Greenville, 12 No No
Geer September 1994, ex Homo
sapiens Linnacus
Pediculus humanus capitus 3 (1 pool) Pickens Co., Sixmile, 20 May No No
1996, ex H. sapiens
Pediculus humanus humanus 3 (1 pool) Greenville Co., Ninty Six, 1 No No
Linnaeus January 1975, ex H. sapiens
Polyplax serrata Burmeister 1 Oconee Co., Seneca, 19 No No
February 2004, ex Mus
musculus Linnaeus
Stachiella octomaculatus 6 (2 pools) Pickens Co., Clemson, § July No No

(Paine)

2004, ex Procyon lotor
(Linnaeus)
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rather than the riboflavin synthase genes. The flea harboring
the Bartonella sp. Oh6 genotype was collected from a dead
squirrel at a zoo and might have fed previously on other hosts.
This novel agent was detected in 1/15 O. howardi and the
role of fleas and squirrels in the natural transmission cycle of
this agent is unknown.

Four species in the genus Rickettsia, including R. typhi,
were detected in lice and fleas. Rickettsia typhi, the causative
agent of murine or endemic typhus, has a worldwide
distribution and is endemic in the United States. Murine typhus
was historically a widespread disease in the United States
and epidemics of murine typhus in 1944 produced more than
5,338 cases (Love and Smith 1960, Mohr et al. 1953).
Endemic foci, such as those in southern Texas, currently
produce an average of about 50 cases per year (Boostrom et
al. 2002). The oriental rat flea, Xenopsylla cheopis Rothschild,
was considered the primary vector of R. #yphi and maintains
this pathogen by both vertical and horizontal transmission
(Farhang-Azad etal. 1985). Lice are not considered significant
vectors of R. typhi, but the human body louse, Pediculus
humanus (Linnaeus), is an experimental vector in the
laboratory (Houhamdi et al. 2003) and Hoplopleura pacifica
Ewing might transmit the pathogen to rats (Traub et al. 1978).
Neither woodchucks, Marmota monax (Linnaeus), nor their
lice, E. marmotae, have been associated with R. typhi.
Serologic data from M. monax in the northeastern United
States were negative for R. fyphi antibodies (Nicholson et al.
2003).

DNA from R. typhi was detected by PCR in two pools of
adult E. marmotae from a road-killed woodchuck. Based on
a BLAST search, the 412 bp sequence for the 17 kD antigenic
gene was a 100% match to that of the Wilmington strain of R.
typhi (GenBank Accession# AE017197). The presence of
DNA from R. typhi in lice does not prove that they are vectors

of this agent. The lice were either feeding on an infected host
or acquired the pathogen transovarialy. Enderleinellus
marmotae feeds exclusively on M. monax and does not bite
humans. Several species of fleas, including Pulex irritans
Baker, O. howardi, and Oropsylla arctomys (Baker), feed on
M. monax (Palmer and Wingo 1972, Whitaker and Schmeltz
1973), but their roles in the transmission of R. typhi are
unknown. Fleas were not reported from M. monax in the most
recent checklist of fleas from South Carolina (Durden et al.
1999). Our discovery of R. typhi in lice demonstrates that
this pathogen is present in urban animals in South Carolina.
Three novel genotypes of Rickettsia were detected in fleas
from South Carolina (Table 1). DNA from a novel Rickettsia
sp. Ohl6 genotype was detected in 1/15 O. howardi.
Sequences of both the amplicons of the 16s rDNA and 17 kD
antigenic genes were unique. The 17 kD gene amplicons were
97% similar to the Rickettsia “ARANHA” genotype
(GenBank Accession# AY360215). A second genotype of
Rickettsia was detected in a specimen of C. felis from Gaffney
(Table 1). The gitA amplicon sequence from this Rickettsia
was identical to the Rickettsia sp. Rf31 genotype (GenBank
Accession# AF516331) reported from the Thailand-Myanmar
border (Parola et al. 2003). All other C. felis in our study
harbored an undescribed Rickettsia sp. with a gltA sequence
that was identical to that of the Rickettsia sp. Rf2125 genotype
(GenBank Accession# AF516333) from Crenocephalides spp.
collected at the Thailand-Myanmar border and reported by
Parola et al. (2003). These Rickettsia spp. are not known to
cause disease in humans. We are the first to report these
bacteria from fleas outside of Asia, but the Rickettsia sp.
Rf2125 genotype was also detected in fleas from Egypt
(unpublished data). Azad et al. (1997) reported R. felis from
fleas in California, Georgia, Tennessee, and Texas and based
their identifications on the RFLP patterns produced by 4/ul

Figure 1. Restriction fragment length polymorphism pattern from the 17kD antigenic gene amplicons digested with A/ul at
65°C for 6 h, separated by 5% agarose gel electrophoresis, and visualized under ultraviolet light with ethidium bromide.
MWM: molecular weight marker with 300, 200, and 100 base pair bands labeled, 1: Rickettsia rickettsii, 2: R. typhi, 3:R.
felis, 4: Rickettsia sp. Rf31 genotype, and 5: Rickettsia sp. Rf2125 genotype.
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digestion of the 17 kD antigenic gene amplicons. The RFLP
patterns produced by 4/ul digestion of the 17 kD antigenic
gene amplicons of Rickettsia sp. Rf2125 genotype, Rickettsia
sp. Rf31 genotype, and R. felis are nearly identical and
essentially indistinguishable (Figure 1). In addition, the
Rickettsia detected in C. felis might be antigenically similar
to R. felis and cross react when analyzed by an indirect
fluorescent antibody test (IFA). We sequenced the PCR
amplicons from the fleas in our study and determined that R.
felis was not present. All of the cat fleas harbored novel
Rickettsia. Contamination of the samples was unlikely because
fleas from different collections were tested on separate dates,
negative controls were never contaminated, and fleas from
other locations in SC and GA were not infected with this agent.
The public health implications of these new Rickeftsia spp.
are unknown. Ctenocephalides felis from pets harbored
Rickettsia spp. and pet owners in South Carolina are therefore
exposed to these agents. If these genotypes of Rickettsia are
not pathogenic and exclude the establishment of R. typhi or
R. felis in fleas, then the recent paucity of typhus-like illnesses
in South Carolina could result from competitive interactions
between species of Rickettsia.

Rickettsial DNA was not detected in all of the specimens
examined (Table 1), however some material from the CUAC
harbored Rickettsial DNA indicating that they were
appropriately preserved. Some ectoparasites might be
refractory to rickettsial infection, could have fed on uninfected
hosts, or were poorly preserved and any rickettsial DNA
degraded prior to our study. Further research should clarify
the roles of fleas and lice in the natural history of rickettsial
pathogens in South Carolina.
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