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Abstract

Flea-borne rickettsiosis occurs worldwide and includes a number of pathogens, namely, Rickettsia typhi and
Rickettsia felis. Most studies in the United States have occurred in southern Texas and California where flea-borne
rickettsiosis is endemic, resulting in a lack of information from other regions of the country. Between March and
August 2016, 222 fleas were collected from 52 client-owned dogs and cats in two urban areas in Oklahoma. Fleas
were identified using morphological characteristics then pooled and tested by polymerase chain reaction (PCR) us-
ing published primers for gltA, ompB, and 17-kDa. The majority (98.6%) of fleas collected were Ctenocephalides
felis (Bouché) followed by Pulex irritans (L) (1.4%). Overall, fleas collected from 30.0% (6/20) cats and 43.8% (14/32)
dogs were infected with R. felis. Three C. felis-pools collected from three dogs, two in the Enid area (central
Oklahoma) and one in the Elk City area (western Oklahoma), were infected with R. typhi as well as R. felis.
‘Candidatus R. senegalensis’ was detected in one pool of fleas taken from a cat in Oklahoma City. This is the first
evidence that flea-borne Rickettsia species occur in fleas obtained from client-owned dogs and cats in the Great
Plains region. The impact of these Rickettsia species on public health in the region needs further investigation.
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Flea-borne rickettsiosis occurs worldwide and includes a number of
emerging pathogens (Azad 1990, Angelakis et al. 2016). Rickettsia
typhi causes murine typhus, an acute undifferentiated febrile illness
that mainly occurs in tropical and subtropical coastal regions. The
classic transmission cycle involves rats (Rattus spp.) and rat fleas
(Xenopsylla cheopis (Rothschild)) while an alternate cycle involves
cat fleas (Ctenocephalides felis (Bouché)), opossums (Didelphis vir-
giniana Kerr), and domestic cats (Felis catus; Azad et al. 1997,
Adjemian et al. 2010, Eremeeva et al. 2012). Rickettsia felis has
been linked with spotted fever group (SFG) rickettsia cases world-
wide and is primarily transmitted by cat fleas (Azad et al. 1997,
Angelakis et al. 2016, Brown and Macaluso 2016). In the United
States, it has been mainly reported in regions with endemic R. #yphi
and is closely linked with opossums and domestic cats (Boostrom
et al. 2002, Hawley et al. 2007, Eremeeva et al. 2008, Adjemian
et al. 2010, Abramowicz et al. 2012, Eremeeva et al. 2012, Blanton
et al. 2016). Recently, other R. felis-like organisms with unknown
pathogenicity to humans or small companion animals, including
‘Candidatus Rickettsia senegalensis’ and ‘Candidatus Rickettsia
asemboensis’ have been identified from cat fleas in the United States
(Billeter et al. 2016, Blanton et al. 2016, Maina et al. 2016).

Within the United States, most ecological research on flea-borne
rickettsiosis has occurred in southern Texas and California
(Adjemian et al. 2010, Abramowicz et al. 2012, Eremeeva et al.
2012, Billeter et al. 2016, Blanton et al. 2016, Maina et al. 2016),
the two regions where human cases have occurred along with in-
fected opossums, domestic cats and dogs, and cat fleas. To date,
nothing is known regarding these important flea-borne diseases in
Oklahoma nor have the flea vectors been identified although histori-
cal data suggest both R. typhi and R. felis may be present. To begin
addressing this knowledge gap, we identified the flea species col-
lected from client-owned dogs and cats from two urban areas in
Oklahoma and used molecular methods to test for the presence of
flea-borne Rickettsia species.

Materials and Methods

Flea Collection

Client-owned dogs and cats coming for routine procedures in two
veterinary clinics in Enid and Oklahoma City were examined for ec-
toparasitic fleas. These clinics were selected because they have a
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wide clientele from diverse socio-economic backgrounds. The collec-
tion protocol was approved by the Institutional Animal Care and
Use Committee at Oklahoma State University. If fleas were encoun-
tered on a dog or cat during the initial examination, the owner or
client was informed concerning the project after which their ap-
proval was requested for the removal of fleas for research purposes.
With verbal agreement, the zip code of the owner was noted and fur-
ther investigation occurred. Depending on time and visibility of the
fleas, up to 30 fleas (most cases involved 1 to 5 fleas) were removed
and placed into 1.5-ml tubes containing 70% ethanol. As part of the
service, the technician or attending vet discussed flea treatment op-
tions with the client. All collected fleas were identified in the labora-
tory using standard keys (Furman and Catts 1982, CDC 2006).

Molecular Analyses

Pools of collected fleas were tested for R. felis and R. typhi using
modified end-point polymerase chain reactions (PCR) protocols
(Salazar 2015, Noden et al. 2017). Fleas from each animal were
grouped into pools of one to five fleas. Only fleas of the same species
were processed together. To limit DNA contamination, all flea
DNA extractions were conducted using site-specific reagents and
equipment in a biosafety cabinet in a different laboratory from
where the PCR assays were run. After washing in deionized water
and 70% ethanol, pools of adult fleas were heated at 80-90°C for
15min in 2-ml vials (Sarstedt, Bartlesville, OK) with 100 pl of
DNAzol Direct (Molecular Research Center, Inc., Cincinnati, OH)
sample processing reagent. After heating, zirconia or silica beads
(BioSpec Products, Bartlesville, OK) were added and the tubes were
placed in a Mini-Beadbeater-16 (BioSpec Products) for 3 min. After
bead-beating, resulting supernatant was collected and stored at
—20°C until DNA testing.

Preliminary screening for SFG Rickettsia DNA in pooled flea
samples utilized an end-point PCR assay developed for the gltA gene
(primer pairs CS-78/CS-323; Labruna et al. 2004) as well as the
PCR primers for an assay that targets a 122-bp fragment of the
ompB gene (Henry et al. 2007). One microliter of flea-derived DNA
was used in each 25-pl PCR reaction. All positives from the gltA as-
say were further confirmed by a nested PCR assay (outer primers
(R17-122/R17-500); inner primers (R. felis (TZ15/TZ16))) that tar-
get the 17-kDa protein gene (Tzianabos et al. 1989, Massung et al.
2001) as well as a PCR assay targeting the ompB gene (Roux and
Raoult 2000). Selected positive samples of the gltA, 17kDa TZ15/
TZ16, and ompB assays were sequenced to confirm R. felis and
other flea-borne Rickettsia species. Only pools that were positive for
the two genes were considered infected. All positive samples for the
R. typhi-specific ompB assay were confirmed using the nested PCR
assay described above with inner primers (RPID/RP2) (Tzianabos
et al. 1989, Massung et al. 2001) accompanied by sequencing of
positives to confirm the amplification of R. typhi. Controls for the
end-point PCR reactions included a negative control (DNAse-free
water) and a positive control (1 pl R. felis or R. typhi genomic
DNA). Bidirectional sequencing of selected positive samples oc-
curred in the Oklahoma State University Core Facility. Resulting se-
quences were searched in the nucleotide BLAST database to verify
that the primers amplified the targets.

Results

Between March and August 2016, 222 fleas were collected from 11
client-owned dogs in the Enid region, 37 cats (n=18 including 1
stray) and dogs (7=19 including 1 stray) in the Oklahoma City

region, and 4 cats (n=2) and dogs (#=2) from communities in
other areas of Oklahoma (Fig. 1; Table 1). The sampling area repre-
sented 11 households in Enid (4 zip codes), 35 households plus 2
strays from Oklahoma City (18 zip codes), and 4 households from
communities outside urban areas (4 zip codes). The majority
(98.6%) of fleas collected were C. felis followed by P. irritans
(1.4%). The P. irritans were recovered from one stray cat, one stray
dog, and one client-owned dog from Oklahoma City.

The 222 fleas collected during this study were grouped into 72
pools by individual animal (25 pools from cats and 47 pools from
dogs) and species of flea. Of the 72 flea pools tested for the presence
of rickettsial pathogens, 29 (40.3%) were positive for R. felis (Table 1).
No pathogens were found in the pools of P. irritans. Nine of 25 cat
flea pools collected from cats (36.0%) and 20 of 47 cat flea pools
collected from dogs (42.6%) were infected with R. felis (Table 1). A
total of 63.3% (7/11) of the dogs sampled in Enid had R. felis-in-
fected fleas compared with 38.9% (7/18) of dogs in the Oklahoma
City. Of the cats sampled in Oklahoma City and surrounding areas,
27.8% (5/18) had R. felis-infected fleas. Of those sampled from out-
side areas in Oklahoma, 100% (1/1) of the cats and 50% (1/2) of
the dogs had R. felis-infected fleas.

BLAST analysis of the sequences from positive R. felis pools
showed 97-99% similarity with known sequences of R. felis (n=29;
99% similarity gltA: accession numbers JQ674484.1 and AF210692.1;
97-98% similarity 17kDa: KR709306.1 and AF210693.1; 98-99%
similarity ompB: KF056801.1 and AF210695.1). One positive pool
was 98-99% identical to known sequences of ‘Candidatus R. senegal-
ensis’ (n=1; 99% similarity gltA: KU499847.1 and KF666472.1;
98% similarity 17kDa: KU167052.1).

Of the pooled fleas from 52 animals tested for presence of rick-
ettsial pathogens, there was an overall R. typhi prevalence of 4.2%
(3/72; Table 1). BLAST analysis of the sequences from the three pos-
itive R. typhi pools showed similarity with known sequences of R.
typhi (97% similarity ompB: KF241858.1; 98% similarity 17kDa:
JX198507.1). The R. typhi-infected pools came from fleas obtained
from one dog from Enid, Oklahoma, another from Lahoma,
Oklahoma (just outside Enid), and one from Elk City, Oklahoma
(Fig. 1). Pools of cat fleas collected only from dogs (6.4% (3/47))
were infected with R. #yphi (Table 1). 18.2% (2/11) of the dogs sam-
pled in Enid had R. typhi-infected fleas compared with 0.0% (0/18)
dogs in the Oklahoma City. Of the dogs sampled in other areas of
Oklahoma, 50.0% (1/2) had R. typhi-infected fleas. Three C. felis-
pools collected from two dogs in central Oklahoma and one dog in
western Oklahoma were infected with R. typhi as well as R. felis.

Discussion

Flea-borne rickettsiosis in the United States, particularly R. #yphi, is
normally associated with endemic areas characterized by occasional
outbreaks in southern Texas and California (Adjemian et al. 2010,
Abramowicz et al. 2012, Eremeeva et al. 2012, Billeter et al. 2016,
Blanton et al. 2016, Maina et al. 2016). In this study, we report R.
typhi, R. felis, and ‘Candidatus R. senegalensis’ in pools of fleas ob-
tained from client-owned dogs and cats in urban areas in
Oklahoma, an area of the United States not normally associated
with murine typhus. While the first to focus on client-owned com-
panion animals, Wilcomb et al. (1952) reported 28 cases of murine
typhus in Oklahoma between 1939 and 1943 and Marshall and The
Tick-Borne Infections in Children Study (TICKS) Group (2000) re-
corded R. typhi antibody titers in three sick children from
Oklahoma City. These historical studies, together with the data
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Fig. 1. Sites in Oklahoma where fleas infected with Rickettsia species were collected from client-owned dogs and cats. Names include all sites where collections
were carried out in 2016. The sites marked with * are the sites where fleas infected with R. typhi were collected.

Table 1. Detection of R. typhi and R. felis DNA in pooled fleas collected from client-owned dogs and cats in two urban areas in Oklahoma

between March and August 2016

Location Animal sampled Flea species No. of flea pools tested (total fleas) No. of positive pools (%)
R. felis R. typhi Dual positive
Enid Dog C. felis 21 (90) 12 (57.1) 2(9.5) 2(9.5)
P. irritans 0(0) 0(0) 0 0
Oklahoma City Dog C. felis 22 (67) 7 (31.8) 0 0
P. irritans 2(2) 0(0) 0 0
Cat C. felis 22 (56) 8(36.4) 0 0
P. irritans 1(1) 0(0) 0 0
Outside Dog C. felis 2 (4) 1(50.0) 1(50.0) 1(50.0)
Cat C. felis 2(2) 1(50.0) 0 0
Total 72 (222) 29 (40.3) 3(4.2) 3(4.2)

from this current study, indicate that flea-borne rickettsiosis may
occur in humans and wildlife surrounding periurban or exurban
areas in Oklahoma.

The detection of R. typhi in pools of fleas taken from two client-
owned dogs in the Enid and Oklahoma City area is notable. In the
United States, R. #yphi has been reported in fleas collected from domes-
tic cats and opossums, but there is no recent reference to detecting R.
typhi in fleas from client-owned dogs. The main question revolves

around the origin of the R. typhi-infected fleas. While dogs can serve as
reservoirs for R. typhi (Nogueras et al. 2013), only one of the two
pools of fleas obtained from the same dog in Lahoma in the current
study was positive for both R. #typhi and R. felis while no rickettsial
DNA was amplified from the second pool of five fleas from the same
dog. If the fleas had been infected by the dog, one would have expected
to find infected fleas in both pools from the same animal. An alterna-
tive possibility would be exposure to R. typhi- and R. felis-infected cat
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fleas from stray cats and opossums around the peridomestic environ-
ment where the dog lives. More follow-up is needed to establish the ori-
gin and risks involved with the infected fleas in the local regions.

The principal flea species collected from client-owned dogs and
cats in periurban Oklahoma was the cat flea (C. felis) while P. irri-
tans was limited mainly to stray animals. This finding agrees with
another Oklahoma-based study that collected C. felis from a large
cohort of free-roaming domestic cats (Thomas et al. 2016). Only
two previous studies have described flea populations in Oklahoma:
One involving Oropsylla hirsuta (Baker) from prairie dogs (Reeves
et al. 2007) and the other describing four species from swift foxes
(Criffield et al. 2009).

In this study, both pools containing R. typhi-infected fleas also
contained fleas infected with R. felis. This was not surprising, as both
pathogens are known to cocirculate within the same environments
(Eremeeva et al. 2008, Karpathy et al. 2009, Eremeeva et al. 2012).
While only one person in the United States has been identified with an
active R. felis infection (Schriefer et al.1994), human infections with
R. felis are being identified worldwide and have been linked with fatal
outcomes (Angelakis et al. 2016, Brown and Macaluso 2016). This is
not the first time R. felis has been reported in fleas collected in
Oklahoma. A study testing an Oklahoma-based commercial cat flea
colony derived from wild-caught fleas found R. felis (ELB agent at
that time) at an 83% prevalence rate (Higgins et al. 1994). While most
amplicons from the current study aligned with known sequences of R.
felis, the DNA from one pool of fleas aligned with known sequences
of ‘Candidatus R. senegalensis’. This species was originally isolated
from C. felis fleas removed from cats from Senegal (Mediannikov
et al. 2014) and found in opossum and cat fleas from southern
California (Maina et al. 2016) and Texas (Blanton et al. 2016). The
pathogenicity of ‘Candidatus R. senegalensis’ to humans and its role in
the epidemiology of flea-borne rickettsiosis remains unknown.

In conclusion, this is the first detection of R. typhi and R. felis in
fleas collected from client-owned dogs and cats in urban areas in the
Great Plains region. While not possible to know whether these fleas
pose a risk to the owners or persons in the local area, it is indicative
that these pathogens are occurring in a wider area in the United
States than just in areas of known endemicity. Further clarification
is necessary to establish how these pathogens in fleas in periurban
areas on the Great Plains are impacting the wider public health
within the region. As causes of undifferentiated febrile illness around
the world (Azad 1990, Angelakis et al. 2016), these flea-borne rick-
ettsioses could potentially be involved in the high incidence of symp-
tomatically treated tick-borne SFG rickettsiosis and ehrlichiosis
cases in the region (Biggs et al. 2016).

Acknowledgments

We would like to thank the staff at both veterinary clinics for their assistance
in the collection of the fleas. Special thanks to Dr. Abdu Azad and Magda
Beier-Sexton for the generous supply of R. felis and R. typhi genomic DNA,
Yisel Carrillo for assistance with sequencing, and Dr. Trisha Dubie and Dr.
Wyatt Hoback for helpful comments on an earlier version of the manuscript.
Funding for this project was provided by NIFA/USDA Hatch Grant funds
through the Oklahoma Agricultural Experiment Station (OKL-02909).

References Cited

Abramowicz, K. F., J. W. Wekesa, C. N. Nwadike, M. L. Zambrano, S. E.
Karpathy, D. Cecil, J. Burns, R. Hu, and M. E. Eremeeva. 2012. Rickettsia
felis in cat fleas, Ctenocephalides felis parasitizing opossums, San
Bernardino County, California. Med. Vet. Entomol. 26: 458-462.

Adjemian, J., S. Parks, K. McElroy, J. Campbell, M. E. Eremeeva, W. L.
Nicholson, J. McQuiston, and J. Taylor. 2010. Murine typhus in Austin,
Texas, USA, 2008. Emerg. Infect. Dis. 16: 412-417.

Angelakis, E., O. Mediannikov, P. Parola, and D. Raoult. 2016. Rickettsia
felis: The complex journey of an emergent human pathogen. Trends
Parasitol. 32: 554-564.

Azad, A. F. 1990. Epidemiology of murine typhus. Annu. Rev. Entomol. 35:
553-569.

Azad, A. F., S. Radulovic, J. A. Higgins, B. H. Noden, and J. M. Troyer. 1997.
Flea-borne rickettsioses: Ecologic considerations. Emerg. Infect. Dis. 3:
319-327.

Biggs, H. M., C. B. Behravesh, K. K. Bradley, F. S. Dahlgren, N. A. Drexler, J.
S. Dumler, S. M. Folk, C. Y. Kato, R. R. Lash, M. L. Levin, et al. 2016.
Diagnosis and management of tickborne rickettsial diseases: Rocky
Mountain spotted fever and other spotted fever group rickettsioses, ehrlichio-
ses, and anaplasmosis - United States. MM'WR Recomm. Rep. 65: 1-44.

Billeter, S. A., P. P. Diniz, L. A. Jett, A. L. Wournell, A. M. Kjemtrup, K. A.
Padgett, M. H. Yoshimizu, M. E. Metzger, and M. C. Barr. 2016. Detection
of rickettsia species in fleas collected from cats in regions endemic and non-
endemic for flea-borne rickettsioses in California. Vector Borne Zoonotic
Dis. 16: 151-156.

Blanton, L. S., B. M. Idowu, T. N. Tatsch, J. M. Henderson, D. H. Bouyer,
and D. H. Walker. 2016. Opossums and cat fleas: New insights in the ecol-
ogy of murine typhus in Galveston, Texas. Am. J. Trop. Med. Hyg. 95:
457-461.

Boostrom, A., M. S. Beier, J. A. Macaluso, K. R. Macaluso, D. Sprenger, J.
Hayes, S. Radulovic, and A. F. Azad. 2002. Geographic association of
Rickettsia felis-infected opossums with human murine typhus, Texas.
Emerg. Infect. Dis. 8: 549-554.

Brown, L. D., and K. R. Macaluso. 2016. Rickettsia felis, an emerging flea-
borne rickettsiosis. Curr. Trop. Med. Rep. 3: 27-39.

(CDC) Centers for Disease Control and Prevention 2006. Pictorial key to ar-
thropods, reptiles, birds, and mammals of public health significance. (http:/
www.cdc.gov/nceh/ehs/publications/pictorial_keys.htm)  (accessed 12
November 2016).

Criffield, M. A., V. Reichard, E. C. Hellgren, D. M. Leslie, Jr., and K. Freel.
2009. Parasites of swift foxes (Vulpes velox) in the Oklahoma Panhandle.
Southwest. Nat. 54: 492-498.

Eremeeva, M. E., S. E. Karpathy, L. Krueger, E. K. Hayes, A. M. Williams, Y.
Zaldivar, S. Bennett, R. Cummings, A. Tilzer, R. K. Velten, et al. 2012.
Two pathogens and one disease: detection and identification of flea-borne
Rickettsiae in areas endemic for murine typhus in California. J. Med.
Entomol. 49: 1485-1494.

Eremeeva, M. E., W. R. Warashina, M. M. Sturgeon, A. E. Buchholz, G. K.
Olmsted, S. Y. Park, P. V. Effler, and S. E. Karpathy. 2008. Rickettsia typhi
and R. felis in rat fleas (Xenopsylla cheopis), Oahu, Hawaii. Emerg. Infect.
Dis. 14: 1613-1615.

Furman, D. P., and P. E. Catts. 1982. Manual of medical entomology. 4th ed.
Cambridge University Press, New York, NY.

Hawley, J. R., S. E. Shaw, and M. R. Lappin. 2007. Prevalence of Rickettsia
felis DNA in the blood of cats and their fleas in the United States. J. Feline
Med. Surg. 9: 258-262.

Henry, K. M., J. Jiang, P. J. Rozmajzl, A. F. Azad, K. R. Macaluso, and A. L.
Richards. 2007. Development of quantitative real-time PCR assays to detect
Rickettsia typhi and Rickettsia felis, the causative agents of murine typhus
and flea-borne spotted fever. Mol. Cell. Probes. 21: 17-23.

Higgins, J. A., J. B. Sacci, Jr, M. E. Schriefer, R. G. Endris, and A. F. Azad.
1994. Molecular identification of rickettsia-like microorganisms associated
with colonized cat fleas (Ctenocephalides felis). Insect Mol. Biol. 3: 27-33.

Karpathy, S. E., E. K. Hayes, A. M. Williams, R. Hu, L. Krueger, S. Bennett,
A. Tilzer, R. K. Velten, N. Kerr, W. Moore, and M. E. Eremeeva. 2009.
Detection of Rickettsia felis and Rickettsia typhi in an area of California en-
demic for murine typhus. Clin. Microbiol. Infect. 15: 218-219.

Labruna, M. B., T. Whitworth, M. C. Horta, D. H. Bouyer, J. W. McBride, A.
Pinter, V. Popov, S. M. Gennari, and D. H. Walker. 2004. Rickettsia species
infecting Amblyomma cooperi ticks from an area in the state of Sao Paulo,
Brazil, where Brazilian spotted fever is endemic. J. Clin. Microbiol. 42:
90-98.


Deleted Text:  
Deleted Text: -
Deleted Text: ; 
Deleted Text: -
http://www.cdc.gov/nceh/ehs/publications/pictorial_keys.htm
http://www.cdc.gov/nceh/ehs/publications/pictorial_keys.htm

Journal of Medical Entomology, 2017, Vol. 54, No. 4

1097

Maina, A. N., C. Fogarty, L. Krueger, K. R. Macaluso, A. Odhiambo, K.
Nguyen, C. M. Farris, A. Luce-Fedrow, S. Bennett, J. Jiang, et al. 2016.
Rickettsial infections among Ctenocephalides felis and host animals during
a flea-borne rickettsioses outbreak in Orange County, California. PLoS
ONE 11:e0160604.

Marshall, G. S., and The Tick-Borne Infections in Children Study (TICKS)
Group 2000. Rickettsia typhi seroprevalence among children in the
Southeast United States. Pediatr. Infect. Dis. J. 19: 1103-1104.

Massung, R. F., L. E. Davis, K. Slater, D. B. McKechnie, and M. Puerzer.
2001. Epidemic typhus meningitis in the southwestern United States. Clin.
Infect. Dis. 32: 979-982.

Mediannikov, O., M. Aubadie-Ladrix, and D. Raoult. 2014. Candidatus
'Rickettsia senegalensis’ in cat fleas in Senegal. New Microbes New Infect.
3:24-28.

Noden, B. H., S. R. Loss, C. Maichak, and F. Williams. 2017. Risk of encoun-
tering ticks and tick-borne pathogens in a rapidly growing metropolitan
area in the U.S. Great Plains. Ticks Tick Borne Dis. 8: 119-124.

Nogueras, M. M., L. Pons, J. Pla, A. Ortuno, J. Miret, I. Sanfeliu, and F.
Segura. 2013. The role of dogs in the eco-epidemiology of Rickettsia typhi,
etiological agent of Murine typhus. Vet. Microbiol. 163: 97-102.

Reeves, W. K., T. E. Rogers, and G. A. Dasch. 2007. Bartonella and Rickettsia
from fleas (Siphonaptera: Ceratophyllidae) of prairie dogs (Cynomys spp.)
from the western United States. J. Parasitol. 93: 953-955.

Roux, V., and D. Raoult. 2000. Phylogenetic analysis of members of the genus
Rickettsia using the gene encoding the outer-membrane protein rOmpB
(ompB). Int. J. Syst. Evol. Microbiol. 50: 1449-1455.

Salazar, J. L. 2015. Detection of tick-borne pathogens in lab reared tick colo-
nies and wild populations. M.S. thesis, Oklahoma State University,
Stillwater.

Schriefer, M. E., J. B. Sacci, Jr., J. S. Dumler, M. G. Bullen, and A. F. Azad.
1994. Identification of a novel rickettsial infection in a patient diagnosed
with murine typhus. J. Clin. Microbiol. 32: 949-954.

Thomas, J. E., L. Staubus, J. L. Goolsby, and M. V. Reichard. 2016.
Ectoparasites of free-roaming domestic cats in the central United States.
Vet. Parasitol. 228: 17-22.

Tzianabos, T., B. E. Anderson, and J. E. McDade. 1989. Detection of
Rickettsia rickettsii DNA in clinical specimens by using polymerase chain
reaction technology. J. Clin. Microbiol. 27: 2866-2868.

Wilcomb, M. J. Jr., M. E. Griffith, and L. L. Ellis. 1952. Commensal rat ecto-
parasite collections in Oklahoma. Public Health Monogr. 5: 31-37.



