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Abstract

Rickettsial diseases, such as Rocky Mountain spotted fever, pose a public health threat because of humans’
interrelationship with common arthropod species, such as ticks, mites, fleas, and lice. Individuals may come in
contact with these vectors of disease on a fairly regular basis either directly or indirectly through pets or wildlife
species, at home or in recreational areas. Therefore, it is of vital importance to know and understand the
geographical distribution and prevalence of disease and rickettsial-infected arthropods. We analyzed Derma-
centor variabilis ticks from nature found positive for Rickettsia sp. to determine the specific species present.
Rickettsiae were detected through a 17-kDa surface antigen seminested PCR. Seminested PCR represents a
sensitive and specific molecular technique in which to identify the presence of bacteria within arthropod hosts.
Through sequence analysis of this gene, three Rickettsia species, Rickettsia bellii, Rickettsia montanensis, and
Rickettsia rickettsii, were detected in a single tick specimen. Further molecular analyses of the 17-kDa surface
antigen and the citrate synthase gene were also performed to support this finding. This is the first report of the
detection of multiple Rickettsia species from a single D. variabilis tick in nature.
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Introduction

Rickettsia is a genus of obligate intracellular bacteria
associated with several human diseases. Arthropods,

including ticks, fleas, and lice, are vectors for rickettsial dis-
ease as well as the primary hosts for these bacteria. Humans
acquire rickettsial infections either by the bite of an infected
tick or by the inadvertent rubbing of flea or louse feces into the
skin or mucous membranes. In the United States, Rocky
Mountain spotted fever (RMSF) is a potentially fatal tick-
borne disease that is commonly found in every state, includ-
ing Ohio. The etiological agent is Rickettsia rickettsii and in the
southeastern states is transmitted primarily by the American
dog tick, Dermacentor variabilis. Human cases of RMSF have
occurred at a consistent rate over recent time in Ohio; from
1965 to 2007 the number of cases ranged from 10 to 36 per year
with an average of 18� 7 (Ohio Department of Health RMSF
fact sheet 2008). However, R. rickettsii is rarely found in
D. variabilis, and the frequency of this bacteria is <1%
(McDade and Newhouse 1986, Burgdorfer 1988, Ammerman

et al. 2004, Perlman et al. 2006, Ohio Department of Health
RMSF fact sheet 2008).

Most rickettsiae are maintained within their invertebrate
hosts by means of transovarial and subsequent transstadial
transmission. Additionally, rickettsiae can be acquired by
horizontal transmission through the salivary glands of the
arthropod host as it feeds on a vertebrate host in the wild, and
as a result new lines of transovarial transmission can be ini-
tiated. Transovarial transmission is an extremely effective
mechanism of rickettsial transmission, with transovarial and
filial infection rates potentially reaching 100% (Burgdorfer
1963, 1988, Burgdorfer and Brinton 1975, McDade and New-
house 1986, Perlman et al. 2006). Many nonpathogenic spe-
cies, such as Rickettsia bellii and Rickettsia montanensis, have
been shown to utilize transovarial and transstadial transmis-
sion in laboratory studies, and this is also most likely the case
in nature (Macaluso et al. 2001, Horta et al. 2006). Further, R.
bellii has been found at a high frequency, up to 80%, in ticks
from nature, further suggesting transovarial transmission as
the primary means of maintenance within the population of
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ticks (Philip 1983, Kelly et al. 2005, Horta et al. 2006). Patho-
genic species, such as R. rickettsii, tend to have negative effects
(host lethality) on their invertebrate hosts, effects that are
thought to prevent the continued transovarial transmission of
the pathogenic organism, and may explain why the preva-
lence is so low within arthropod hosts (Price 1953, Burgdorfer
and Varma 1967, Burgdorfer and Brinton 1975, Burgdorfer
1988, Niebylski et al. 1999, Perlman et al. 2006).

Maintenance of multiple infections of Rickettsia sp. are be-
lieved to be prevented by ovarian interference, the resistance
of the tick ovaries to infection with more than one rickettsial
species; they have not been readily found in naturally occur-
ring arthropods and have been demonstrated in few labora-
tory studies (Williams et al. 1992, Schriefer et al. 1994,
Niebylski et al. 1997, Azad and Beard 1998, Noden et al. 1998,
Stromdahl et al. 2001, Boostrom et al. 2002, Macaluso et al.
2002). Nonetheless, there is some evidence supporting the
potential for arthropods to acquire a multiple rickettsial in-
fection. Coinfection of Rickettsia rhipicephali and R. bellii has
been reported in Dermacentor occidentalis ticks from California
(Lane et al. 1981, Wickso et al. 2008). One laboratory study
showed R. rickettsii could infect tissues of Rickettsia peacockii–
infected ticks, where only the ovarian tissues remained in-
fected exclusively with the east-side agent (R. peacockii)
(Burgdorfer et al. 1981). Another study determined that in the
laboratory Rickettsia felis–infected fleas could also acquire a
Rickettsia typhi infection, but at a reduced rate relative to un-
infected fleas (Noden et al. 1998). Finally, Rickettsia sp. have
been found in coinfections alongside microbes of a distinct
genus, which includes Borrelia lonestari, Ehrlichia sp., and a
viral species (Gosteva et al. 1991, Mixson et al. 2006, Strom-
dahl et al. 2008). More sensitive screening assays might
identify rickettsial multiple infections in nature. Each species
might not occur in equal proportions within the host, and the
minority species could have been missed during laboratory
analysis or transmission studies. Conventional PCR, which
uses only a single step, has been utilized in many of these tick
screening analyses (Niebylski 1997, Stromdahl et al. 2001,
Ammerman et al. 2004). Here, we employed the highly sen-
sitive seminested PCR assay to test naturally infected D. var-
iabilis ticks from Ohio. As a result, we have identified a single
tick with the presence of R. bellii, R. montanensis, and R. rick-
ettsii. This represents the first report of such a rickettsial mixed
infection from D. variabilis in nature.

Materials and Methods

Samples

Fifty-six D. variabilis ticks were obtained from the Ohio
Department of Health: Zoonotic Disease Program (ODH-
ZDP). Ticks were collected during the 2003 annual screen for
RMSF; tick hemolymph was analyzed by Gimenez staining
and all samples that were found to be positive for Rickettsia sp.
were further analyzed by direct fluorescent antibody testing.
Tick #03-797, an unengorged adult female obtained from a
human host, was determined by the ODH-ZDP to be positive
for R. rickettsii through direct fluorescent antibody testing.

DNA extraction

Ticks were surface sterilized in 70% ethanol for 10 min,
followed by two washes in distilled water (5 min, 1 min). The

ticks were then ground in 180mL of phosphate-buffered saline
using a sterile mortar and pestle. DNA was extracted using
the animal cell protocol of the DNeasy� Tissue Kit (Qiagen,
Valencia, CA) and eluted in 100 mL Buffer AE followed by a
secondary elution in 50mL.

17-kDa gene PCR

Seminested PCR was performed under the following
standard conditions. One microliter of DNA was used as
template in an initial 10 mL reaction. A negative control con-
tained 1mL of sterile water in place of DNA template. The
primers used were 17k-50 50GCTTTACAAAATTCTAAAA
ACCATATA (Stothard 1995) and 17kD-30 50CTTGCCATT
GTCCRTCAGGTTG. Amplification was done in a Whatman
Biometra T-Gradient thermocycler (Biometra, Gottingen,
Germany) using thermocycling conditions of 958C for 5 min,
35 cycles of 958C for 1 min, 538C for 1 min, and 608C for
1.5 min, followed by a final extension at 608C for 15 min.
Secondary amplification was done using 2 mL of a 1:10 dilu-
tion of the primary amplification in a 25mL reaction. The
negative control contained 2mL of a 1:10 dilution of the
primary negative control. Primers used were 17k-50 and 17kD-
30nest 50TCACGGCAATATTGACC, at an annealing tem-
perature of 568C. Rickettsia conorii strain VR141 Moroc. was
initially used as a positive control; subsequently, previously
identified R. bellii–positive ticks were used.

17-kDa multiplex

Primary PCR amplification was performed as previously
described for the 17-kDa gene. Secondary amplification was
done at a 688C annealing temperature using primers 17k-50,
and 17kD-30montB 50GCCTATTACAACTGTTTGAGTGTAC
and 17kD-30bellii 50ACTGCTACCACTTGGTGCAGC.

Citrate synthase gene PCR

PCR was performed as for the 17-kDa gene but at an ex-
tension temperature of 688C and the use of TITANIUM� Taq
DNA polymerase (Clontech, Palo Alto, CA). Primary ampli-
fication was done at an annealing temperature of 548C, and
the primers used were CS1dvar 50ATGACCAATGAAAA
TAATAAT and CS1273r 50CATAACCAGTGTAAAGCTG
(Roux et al. 1997). The primers used in the secondary amp-
lification were CS409d 50CCTATGGCTATTATGCTTGC
and either CS956rSFG 50GAATATACTCAGAACTACCG
or CS856rBellii 50AAAGCGATGCAATACCAGTACTGAC.
Thermocycling conditions were the same as the primary re-
action but at a 568C annealing temperature.

Amplimer purification

PCR products were purified using the QIAquick� PCR
Purification Kit (Qiagen) and eluted in 30mL of elution buffer.
Band isolates from the multiplex PCR were placed on an ap-
proximately 0.5-inch square piece of nylon and spun at
14,000 g for 1 min to elute the DNA.

DNA sequencing

PCR products were directly sequenced with primers 17k-50,
17k-50seq 50GGTTCTCAATTYGG, or Cs409d, as appropriate,
using the Big Dye version 1.1 sequencing kit following man-
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ufacturer’s instructions (Applied Biosystems, Foster City,
CA). The nucleotide sequence was viewed using the ABI 310
Genetic Analyzer (Applied Biosystems).

Vector cloning

One microliter of a 1:10 dilution of the purified 17 kDa and
citrate synthase PCR products was used as template in the
TOPO� TA Cloning� Kit (Invitrogen, Carlsbad, CA). All
tentatively positive colonies were purified by QIAprep� Spin
Miniprep Kit (Qiagen) and confirmed by an EcoR I (Invitro-
gen) restriction digest. Positive clones were sequenced using
the M13 forward primer (Invitrogen) following sequencing
methods described above.

Results

The 17-kDa surface antigen gene was analyzed from
rickettsial-positive D. variabilis ticks obtained from the ODH-
ZDP RMSF screen to identify the specific rickettsial species.
The 17-kDa gene was selected because it is specific to the
genus Rickettsia and has sufficient divergence to provide
species-specific nucleotide sequences (Anderson 1990).
The 17-kDa gene has been used for phylogenetic analysis of
Rickettsia and is an excellent target for use in screening for the
presence of rickettsial species in arthropod hosts because of its
small size as a PCR target; it also has also been shown to have
a higher prevalence of nucleotide substitutions than the 16S
rRNA gene (Azad et al. 1992, Stothard 1995, Stenas 1998). Tick
#03-797, an unengorged adult female from Hocking County,
was found positive by seminested PCR, and the appropriate
negative control yielded no detectable product. Upon analy-
sis, the nucleotide sequence from the secondary PCR ampli-
fication of this tick suggested the presence of multiple
amplimers. Dual electropherogram peaks were observed at
numerous base positions throughout the nucleotide sequence.
Further analysis revealed that the superimposed sequences
were consistent with a combination of the known R. bellii se-
quence and the known R. montanensis sequence. Although not
conclusive, results were consistent with the additional pres-
ence of the sequence for R. rickettsii. To confirm the presence of
multiple species, the 17-kDa gene product was vector cloned
and individual colonies were subsequently sequenced to
identify all the rickettsial nucleotide sequences present. A set
of six clones was found to contain species-specific sequence
inserts corresponding to the 17-kDa gene sequence. Three
clones were identical over a 386 bp region to R. bellii (Genbank
accession NC_009883), two other clones were identical over
this same region to the sequence of R. montanensis (Genbank
accession RMU11017), and one clone showed one base dif-
ference from the R. rickettsii sequence (Genbank accession
NC_009882) but shared six unique changes with R. rickettsii
that differentiate that species from the sequence of R. mon-
tanensis. To further verify these results, the entire procedure,
starting from the primary PCR amplification of the 17-kDa
gene, was repeated. Subsequent sequence analysis of the 17-
kDa gene product showed multiple electropherogram peaks,
consistent with previous results. Individual clones of the PCR
product from the second amplification were found with se-
quence inserts identical to R. bellii (4=12), R. montanensis
(7=12), or differed by one base from R. rickettsii (1=12), but as
before shared six nucleotide changes with R. rickettsii that
distinguish that species from R. montanensis.

Based on the results of the cloning experiment, we chose to
design alternative PCR primers that would permit the testing
of samples in a multiplex PCR. These primers were focused
within the 30 end of the gene sequence and designed to be
internal of the existing 17kD-30 primer and to produce alter-
native PCR products of two different sizes. One primer was
specific for R. bellii, while the second was specific to R. rickettsii
and R. montanensis. Three effective species-specific primers
could not be designed due to the close sequence similarity
between R. montanensis and R. rickettsii (98.6%) and the loca-
tion of the targeted sequence differences to the existing PCR
primers. Multiplex PCR resulted in the amplification of
two products of the predicted sizes for each primer set. The
individual bands were isolated and sequenced using primers
17k-5, 17kD-30bellii, or 17kD-30montB. The R. bellii–specific
amplimer was found to have a nucleotide sequence consistent
with R. bellii. The R. montanensis=R. rickettsii–specific product
resulted in a mixed nucleotide sequence. The mixed prod-
uct was cloned, resulting in two positive clones. The clones
were subsequently sequenced, and one was found to contain
R. montanensis, and the other a R. rickettsii–specific insert.

We additionally analyzed the citrate synthase gene se-
quence to corroborate the presence of multiple rickettsial
species. Here, primers were designed for analysis in two
separate seminested reactions, one to amplify the R. bellii
product and one to amplify the R. montanensis=R. rickettsii
product. Separate primer sets were required due to the
R. bellii sequence being sufficiently divergent from R. mon-
tanensis and R. rickettsii such that a universal primer set was
not successful in amplifying all three agents. Positive results
were obtained from both primer sets, and the appropriate
negative control yielded no detectable product. The nucleo-
tide sequences from these PCR products were consistent with
R. montanensis and R. bellii. The R. montanensis product was
cloned to determine if R. rickettsii was present in small
amounts, but no R. rickettsii–specific clones were found (0=9).

Discussion

This is the first report of a natural superinfection of an ar-
thropod with three different species of Rickettsia: R. bellii,
R. montanensis, and R. rickettsii. Seminested PCR represents a
highly sensitive assay for detection of microorganisms of in-
terest present in an arthropod host such as D. variabilis. It is
specific in amplifying a single gene, and subsequent sequence
analysis can determine the corresponding nucleotide se-
quences. The combination of seminested PCR analysis of two
independent genes followed by cloning and sequencing pro-
vides strong support for our conclusions of the presence of at
least two and possibly three different rickettsial agents. The
occurrence of multiple rickettsiae in a single tick is important
for further understanding rickettsial transmission, RMSF
ecology, and the potential for human acquisition of several
rickettsial species.

The three rickettsial species considered here are all found in
ticks from Ohio. R. bellii and R. montanensis, organisms con-
sidered to be nonpathogenic for mammals, are found at fre-
quencies up to 80% of ticks examined (Price 1953, Linnemann
et al. 1980, Gordon et al. 1984, Pretzman et al. 1990, Raoult and
Roux 1997). The additional presence of R. rickettsii is more
surprising since it is normally found at a very low frequency
(McDade and Newhouse 1986, Burgdorfer 1988, Hackstadt
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1996, Ammerman et al. 2004, Perlman et al. 2006, Ohio De-
partment of Health RMSF fact sheet 2008). The analysis of the
17-kDa gene revealed a low concentration of R. rickettsii (1=9
and 1=12) within the mix of rickettsial DNA from our tick.
This low frequency within the bacterial mix and the presence
of the two additional rickettsial species may explain why R.
rickettsii was not detected in the analysis of the citrate synthase
gene. Replication may have been reduced depending on what
and how many tissues were infected by R. rickettsii.

Tick #03-797 was an unengorged adult female, meaning
any rickettsiae present had been previously acquired, either
transovarially or through a bloodmeal, and maintained
through one or two molts. One of the nonpathogenic species,
R. bellii or R. montanensis, was most likely acquired transo-
varially, and due to ovarian interference, the alternate species
and the pathogenic R. rickettsii were probably acquired from a
feeding event. Perhaps, the acquisition of R. rickettsii occurred
simultaneously with either R. montanensis or R. bellii, thus
preventing it from establishing a stable infection in the tick.
There is evidence that competition between rickettsiae favors
a single nonpathogenic rickettsial infection (Macaluso et al.
2002), but this competition as well as competition with other
bacterial species has not been well studied within tick hosts.
Also, the initial amount of bacteria ingested by a tick during
feeding is dependent on the stage of rickettsemia in the in-
fected vertebrate (McDade and Newhouse 1986). If the tick
fed while this animal was at the final stage, then the amount
ingested may not have been sufficient. The above situations
may explain why R. rickettsii was present only in low quan-
tities in the 17-kDa analysis and absent in the citrate synthase
analysis. These results are mirrored by the lack of correlation
between the low prevalence of R. rickettsii observed in ticks
compared to the geographical areas where RMSF is prevalent
(Pretzman et al. 1990, Azad and Beard 1998, Raoult and
Paddock 2005).

The possibility of contamination exists but seems remote
given that all appropriate precautions were taken for sterile
techniques, and negative controls were performed. In addi-
tion, analyses of other ticks, done in concert with the tick
reported here, did not show any occurrences of multiple
species. This included the 56 D. variabilis ticks analyzed here,
an additional 33 D. variabilis and over 200 Amblyomma amer-
icanum tick pools and individual specimens analyzed as part
of a larger project in the Fuerst laboratory. Further, R. rickettsii
DNA had not been previously used in the laboratory, and
could not explain the presence of R. rickettsii in this tick
sample. Thus, this apparent multiple rickettsial infection ap-
pears to be an unusual isolated case.

Superinfection is common with many other bacterial spe-
cies in nature. For example, insects are commonly infected
with several symbionts, and different viral and=or bacterial
species can infect the same host (Fukatsu et al. 2000, Sand-
strom et al. 2001, Stromdahl et al. 2001, Gosteva et al. 1991,
Skotarczak et al. 2002, Stanczak et al. 2002). In addition, there
exist numerous consequences of a superinfected arthropod,
including evolution of pathogen virulence, complications
with diagnosis, and a synergistic influence in the vertebrate
host including immune repression (Lipstitch et al. 1996, Sex-
ton et al. 1998, Perlman et al. 2006). Since survival of some
rickettsiae depends on frequent or occasional horizontal
transmission events (i.e., R. prowazekii, the agent of epidemic
typhus), multiply-infected arthropods may serve a role in

nature for the maintenance of more virulent species. With the
use of more sensitive molecular tools as utilized here, we may
find more cases of superinfection, adding significantly to the
understanding of the maintenance of these pathogens in na-
ture.
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