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Abstract

Spotted fever group rickettsiosis (SFGR) is a potentially fatal disease that has displayed increasing incidence in
the United States in recent years. The most well-known and severe type of this disease is Rocky Mountain
spotted fever, but there are other mild forms that occur. Recently, human infection with Rickettsia parkeri has
been reported and linked with the tick Amblyomma maculatum. In 2010, a population of R. parkeri-infected
A. maculatum was discovered in Fairfax County, Virginia, leading to increased surveillance of tick species. In
this study, we report the presence of R. parkeri in Rhipicephalus sanguineus, Haemaphysalis leporispalustris,
and Dermacentor variabilis in Fairfax County. R. parkeri was discovered in two Rh. sanguineus, one
H. leporispalustris, and 17 D. variabilis. These findings suggest that spillover infections of R. parkeri may be
occurring in tick species not typically associated with this pathogen; however, vector competence studies need
to be conducted to determine if these tick species can serve as potential vectors for human SFGR.
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Introduction

Spotted fever group (SFG) rickettsiae are a class of
bacterial pathogens vectored by arthropods (typically

ticks) capable of causing severe disease (Parola et al. 2005).
The most well-known member of this class of rickettsiae is
Rickettsia rickettsii, the causative agent of Rocky Mountain
spotted fever (RMSF), which was first discovered at the turn
of the 20th century (Ricketts 1906). In the subsequent century
since the discovery of R. rickettsii, numerous other SFG
rickettsiae have been discovered, illustrating the diversity
among this group of bacterial pathogens. Despite the detailed
histories of numerous members of the SFG rickettsiae, it was
not until recently that many of these organisms were con-
sidered pathogenic and conclusively linked to human infec-
tion (Raoult 2004).

One of the most important SFG rickettsiae recently rec-
ognized as pathogenic is Rickettsia parkeri, which was a
well-known zoonotic infection dating as far back as the 1930s
(Parker et al. 1939), but was first recognized as a human
pathogen in 2002, when an individual developed mild spotted
fever rickettsiosis (SFR) (Paddock et al. 2004). Since its
initial discovery as a causative agent for SFR, R. parkeri has

been implicated in 12 cases, with a strong likelihood of
contributing to many more cases of the disease (Paddock
et al. 2008).

In 2010, a population of R. parkeri–infected Amblyomma
maculatum was discovered at a closed landfill in Fairfax
County, Virginia (Fornadel et al. 2011). The discovery of
R. parkeri and A. maculatum in this landfill led to an ex-
pansion of tick surveillance efforts in Fairfax County, with
particular attention paid to surveillance for rickettsial path-
ogens. Fairfax County is at a geographical intersection of the
ranges of many tick species, with established populations of
Ixodes scapularis, Dermacentor variabilis, and Amblyomma
americanum (Fornadel et al. 2011). These species are often
collected sympatrically at a number of locations, enabling the
possibility of co-feeding and subsequent spillover of patho-
gens. Pathogen spillover, although commonly considered as a
transfer of pathogen between reservoir hosts and other spe-
cies, could also occur in vectors, which may lead to subse-
quent transmission to additional reservoirs or incidental
hosts, thus propagating pathogen transmission (Daszak et al.
2000).

During the past decade, reported incidence rates of RMSF and
rickettsial diseases have increased dramatically, underscoring the
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need for further investigation of SFG rickettsiae in tick popula-
tions (Openshaw et al. 2010). In this study, we report the current
state of rickettsial pathogens in local tick populations, with
particular attention paid to the discovery of R. parkeri in Rhi-
picephalus sanguineus and Haemaphysalis leporispalustris.
Additionally, the presence of SFG rickettsiae in D. variabilis in
Fairfax County is detailed.

Materials and Methods

Tick collections

Surveillance was performed from January, 2012, through
December, 2012. Ticks were collected using either drag
cloths (March–November) at the landfill location or carbon
dioxide traps (January–December) at specific locations
throughout Fairfax County. D. variabilis and H. leporispalus-
tris were collected along with A. maculatum, A. americanum,
and I. scapularis. Rh. sanguineus were provided to the health
department via a veterinary clinic in November and December
as well as collections from an infestation at a residence in
December.

Sample processing

A modified version of the MasterPure Complete DNA
Purification Kit (Epicentre Biotechnologies, Madison, WI)
was used to extract DNA for molecular processing. In-
dividual ticks were placed into a 2-mL round-bottomed tube
with 50 lL of Tissue and Cell Lysis Solution and a 5-mm
stainless steel bead. Samples were placed in the TissueLyser
II (Qiagen, Valencia, CA) for 3 min at 30 Hz. The samples
were then centrifuged at 13,200 rpm for 1 min. Following
centrifugation, 250 lL of Tissue and Cell Lysis solution and
2.5 lL of Proteinase K (20 lg/lL) were added to the sample
tubes, beads were removed, and samples were incubated in a
65�C water bath for 60 min. Samples were placed on ice for
5 min, and 150 lL of MPC Protein Precipitation Reagent
was added. The samples were vortexed for 10 s, and debris
was pelleted by centrifugation for 10 min at 14,000 rpm at
4�C. The supernatant was removed and transferred to a new
1.5-mL microcentrifuge tube, 500 lL of ice-cold iso-
propanol was added, and the DNA pelleted by centrifuga-
tion at 14,000 rpm at 4�C. The supernatant was discarded
following centrifugation, and samples were washed two
times with 500 lL of ice-cold 75% ethanol. The samples
were allowed to dry overnight and were resuspended in
molecular-grade water.

Molecular diagnostics of SFG Rickettsia

Tick DNA extractions were screened for SFG Rickettsia
using a nested-PCR assay that amplified the rickettsial outer
membrane protein A (ompA) gene (Blair et al. 2004). PstI
endonuclease restriction fragment length polymporphism
(RFLP) analysis was used on ompA-positive samples to de-
termine rickettsial species (Roux et al. 1996). A 25-lL re-
action mixture containing 20 lL of ompA product, 1 lL of
PstI (Invitrogen, Grand Island, NY), 2.5 lL 10 · NEBuffer 3,
and 0.3 lL of bovine serum albumin (New England BioLabs,
Ipswitch, MA) was incubated at 37�C to complete the re-
action. All positive samples were sequenced using ompA-
specific primers 190.FN1 and 190.RN1 to confirm results and
assess any variability between samples (Blair et al. 2004).

A rickettsial outer membrane protein B (ompB) gene PCR
diagnostic was performed on the R. parkeri ompA-positive
Rh. sanguineus and H. leporispalustris as a confirmatory step
since these results were unexpected. All positive samples were
sequenced using ompB-specific primers Rc.rompB.4,496p and
Rc.rompB.4,762n to confirm results and assess any variability
between samples (Choi et al. 2005).

Results

A total of 2396 samples from 2012 collections were
screened for SFG Rickettsia (Table 1). A total of 17 D. var-
iabilis were positive for R. parkeri, 0.96% of all D. variabilis
screened for SFG Rickettsia. A total of two Rh. sanguineus
(3.33%), 12 A. maculatum (25.53%), and one H. lepor-
ispalustris (20%) were also positive for R. parkeri. Ad-
ditionally, four D. variabilis were positive for R. montanensis
(0.18%), and one D. variabilis was positive for R. am-
blyommii.

Sequence results for a 267 base pair ompB gene for the Rh.
sanguineus and H. leporispalustris samples were confirmed
to be R. parkeri, with 99% identity to known R. parkeri se-
quences (GenBank accession no. FJ644549). Identity be-
tween ompB genes of Rh. sanguineus, H. leporispalustris,
and selected D. variabilis was between 97% and 100%.

Discussion

The identification of R. parkeri in an unfed H. lepor-
ispalustris marks the first time that this rickettsial species has
been identified in this tick species. Additionally, R. parkeri
was discovered in Rh. sanguineus, which has been previously
reported in one tick in Texas (Williamson et al. 2010). To our

Table 1. Infection Rates of Rickettsia in Various Tick Species in Fairfax County, Virginia

Species Male Female Nymph Larva
Overall

infection rate

Total number tested (number positive for R. parkeri)
Dermacentor variabilis 1182 (9) 1092 (8) 0 (0) 0 (0) 0.75%
Rhipicephalus sanguineus 34 (2) 26 (0) 0 (0) 0 (0) 3.33%
Haemaphysalis leporispalustris 0 (0) 0 (0) 0 (0) 5 (1) 20%
Amblyomma maculatum 18 (6) 31 (6) 2 (0) 0 (0) 23.53%

Total number tested (number positive for R. montanensis)
Dermacentor variabilis 1182 (3) 1092 (1) 0 (0) 0 (0) 0.18%

Total number tested (number positive for R. amblyommii)
Dermacentor variabilis 1182 (1) 1092 (0) 0 (0) 0 (0) 0.04%
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knowledge, this marks the second time this pathogen has
been reported in Rh. sanguineus. The presence of R. parkeri
in these various tick species is of particular note because of
the increasing trend of mild SFR cases in the United States
(‘‘Rocky Mountain Spotted Fever—Statistics and Epide-
miology’’ 2012). Determining the expanding maintenance
and transmission cycles of R. parkeri could provide avenues
for further study on the increasing trend of this disease.

The presence of R. parkeri in D. variabilis has been pre-
viously reported, so its discovery in these samples appears to
confirm its ability to infect this particular tick species (Wil-
liamson et al. 2010, Fornadel et al. 2011). Previously, it was
suggested that the presence of R. parkeri in D. variabilis in
Fairfax County might be a result of spillover due to co-
feeding with infected A. maculatum because all R. parkeri–
infected samples were collected at the same landfill location,
and this suggestion appears to have merit because the ma-
jority of R. parkeri–infected D. variabilis were co-collected
with R. parkeri–infected A. maculatum. Of the 17 R. parkeri–
infected D. variabilis, 14 were collected at the landfill loca-
tion, one from the Lorton site, and two from a veterinary
clinic. The landfill and Lorton collection sites are the only
sites regularly surveyed in the county that contain R. parkeri–
infected A. maculatum, so it is interesting to note that the only
infected D. variabilis were collected from these sites. Al-
though the idea that incidental infection from host sharing
is plausible, it should be noted that there is no information
on the maintenance of this particular rickettsial pathogen
in D. variabilis or if there has always been some low-level
infection rate that has been previously unrecognized.

None of the D. variabilis or other ticks screened was in-
fected with R. rickettsii, a result that is consistent with
screenings conducted in years past (Stromdahl et al. 2011,
D.E. Norris, unpublished data). Although there were no
R. rickettsii–infected D. variabilis, there were four that were
positive for R. montanensis, a known pathogen associated
with D. variabilis in the mid-Atlantic region and a recently
described causative agent of SFR in humans (Ammerman
et al. 2004, McQuiston et al. 2012). Additionally, there was
one R. amblyommii–positive sample. Although an interesting
finding because this pathogen is not normally associated with
D. variabilis, this observation has also been reported in North
Carolina (Smith et al. 2010). This particular SFG Rickettsia
has also been hypothesized to be a cause of human rick-
ettsiosis (Apperson et al. 2008).

Rh. sanguineus is traditionally considered a parasite of
dogs and is generally associated with infestations in homes
and kennels (Fox and Sykes 1985, Gray et al. 2013). With the
exception of eight ticks, the samples that were collected in
this study were mainly provided from a veterinary clinic in
the county. These samples were removed from dogs and
saved for future identification and analysis by the local health
department and our laboratory. Both of the samples that
tested positive for R. parkeri were provided by the veterinary
clinic. It is unknown how the animals that presented with
infestation contracted these ticks, because they are not
thought be free-living in the county. It is likely that these ticks
might have taken a previous blood meal on a R. parkeri–
infected animal to acquire the initial infection and then were
subsequently collected after attaching to a dog in the county,
although any suggestion about the ecology of infection is
pure speculation.

H. leporispalustris is a known vector for R. rickettsii that is
considered a parasite of lagomorphs (Bishopp and Trembley
1945). Over the course of 2012, only five of these ticks were
collected, which is likely the result of the typically nidicolous
behavior of these ectoparasites. The ticks were collected by
CO2 traps in the same area as R. parkeri–infected A. macu-
latum and D. variabilis, which might provide insight into how
they became infected. A. maculatum has been shown in the
laboratory to successfully molt when fed on lagomorphs, but
there is little evidence to suggest that they naturally feed on
these species (Koch and Hair 1975, Estrada-Pena et al. 2005).
Larvae from both species utilize birds as hosts, but they ap-
pear to be refractory for R. parkeri, making it unlikely that
infection could occur through host sharing (Keirans and
Durden 1998, Durden et al. 2001, Eisen et al. 2004, Moraru
et al. 2013). Host sharing could occur with D. variabilis,
because it is known to parasitize rabbits, making a potential
bridge for R. parkeri to H. leporispalustris (Saliba et al.
1966).

The discovery of R. parkeri in tick species not normally
associated with the pathogen necessitates further investiga-
tion. Although there appears to be some geographic coinci-
dence that supports the hypothesis of spillover due to host
sharing, additional study into the ecology of these infections
would provide more definitive evidence as to the origin of
these infections and if they facilitate a complete life cycle for
the pathogen. It remains unclear whether these tick species
are contributing to the increasing rates of mild SFR disease,
be that as bridge vectors for traditionally recognized hosts or
direct infection of humans, and vector competence studies are
necessary to determine their involvement.
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Pablo Quiñonez, Aaron Henecke, Andrew Nelson, Rachel
Severson, Pedro Arias, Belgacem Benabdelmentaleb, Ana-
stasia Samsonova, Valerie Pansy, and Ada Garcia-Ayala for
their contributions toward tick collections, sorting, and
identification.

Author Disclosure Statement

No competing financial interests exist.

References

Ammerman NC, Swanson KI, Anderson JM, Schwartz TR,
et al. Spotted-fever group Rickettsia in Dermacentor var-
iabilis, Maryland. Emerg Infect Dis 2004 10:1478–1481.

Apperson CS, Engber B, Nicholson WL, Mead DG, et al. Tick-
borne diseases in North Carolina: Is ‘‘Rickettsia am-
blyommii’’ a possible cause of rickettsiosis reported as Rocky
Mountain spotted fever? Vector Borne Zoonotic Dis 2008
8:597–606.

Bishopp FC, Trembley HL. Distribution and hosts of certain
North American ticks. J Parasitol 1945; 31:1–54.

Blair PJ, Jiang J, Schoeler GB, Moron C, et al. Characterization
of spotted fever group rickettsiae in flea and tick specimens
from northern Peru. J Clin Microbiol 2004; 42:4961–4967.

Choi YJ, Lee SH, Park KH, Koh YS, et al. Evaluation of PCR-
based assay for diagnosis of spotted fever group rickettsiosis
in human serum samples. Clin Diagn Lab Immunol 2005;
12:759–763.

484 HENNING ET AL.



Daszak P, Cunningham AA, Hyatt AD. Emerging infectious
diseases of wildlife—threats to biodiversity and human
health. Science 2000; 287:443–449.

Durden LA, Oliver JH, Jr., Kinsey AA. Ticks (Acari: Ixodidae)
and spirochetes (Spirochaetaceae: Spirochaetales) recovered
from birds on a Georgia Barrier Island. J Med Entomol 2001;
38:231–236.

Eisen L, Eisen RJ, Lane RS. The roles of birds, lizards, and
rodents as hosts for the western black-legged tick Ixodes
pacificus. J Vector Ecol 2004; 29:295–308.

Estrada-Pena A, Venzal JM, Mangold AJ, Cafrune MM, et al.
The Amblyomma maculatum Koch, 1844 (Acari: Ixodidae:
Amblyomminae) tick group: Diagnostic characters, descrip-
tion of the larva of A. parvitarsum Neumann, 1901, 16S
rDNA sequences, distribution and hosts. Syst Parasitol 2005;
60:99–112.

Fornadel CM, Zhang X, Smith JD, Paddock CD, et al. High
rates of Rickettsia parkeri infection in Gulf Coast ticks
(Amblyomma maculatum) and identification of ‘‘Candidatus
Rickettsia andeanae’’ from Fairfax County, Virginia. Vector
Borne Zoonotic Dis 2011; 11:1535–1539.

Fox M, Sykes T. Establishment of the tropical dog tick, Rhi-
picephalus sanguineus, in a house in London. Vet Rec 1985;
116:661–662.

Gray J, Dantas-Torres F, Estrada-Pena A, Levin M. Systematics
and ecology of the brown dog tick, Rhipicephalus sangui-
neus. Ticks Tick Borne Dis 2013; 4:171–180.

Keirans JE, Durden LA. Illustrated key to nymphs of the tick
genus Amblyomma (Acari: Ixodidae) found in the United
States. J Med Entomol 1998; 35:489–495.

Koch HG, Hair JA. The effect of host species on the engorge-
ment, molting success, and molted weight of the Gulf Coast
tick, Amblyomma maculatum Koch (Acarina: Ixodidae). J
Med Entomol 1975; 12:213–219.

McQuiston JH, Zemtsova G, Perniciaro J, Hutson M, et al.
Afebrile spotted fever group Rickettsia infection after a bite
from a Dermacentor variabilis tick infected with Rickettsia
montanensis. Vector Borne Zoonotic Dis 2012; 12:1059–1061.

Moraru GM, Goddard J, Paddock CD, Varela-Stokes A. Ex-
perimental infection of cotton rats and bobwhite quail with
Rickettsia parkeri. Parasites Vectors 2013; 6:70.

Openshaw JJ, Swerdlow DL, Krebs JW, Holman RC, et al.
Rocky mountain spotted fever in the United States, 2000–
2007: Interpreting contemporary increases in incidence. Am J
Trop Med Hyg 2010; 83:174–182.

Paddock CD, Sumner JW, Comer JA, Zaki SR, et al. Rickettsia
parkeri: A newly recognized cause of spotted fever rickettsiosis
in the United States. Clin Infect Dis 2004; 38:805–811.

Paddock CD, Finley RW, Wright CS, Robinson HN, et al.
Rickettsia parkeri rickettsiosis and its clinical distinction
from Rocky Mountain spotted fever. Clin Infect Dis 2008;
47:1188–1196.

Parker RR, Kohls GM, Cox GW, Gordon ED. Observations on
an infectious agent from Amblyomma maculatum. Public
Health Rep (1896–1970). 1939; 54:1482–1484.

Parola P, Paddock CD, Raoult D. Tick-borne rickettsioses
around the world: Emerging diseases challenging old con-
cepts. Clin Microbiol Rev 2005; 18:719–756.

Raoult D. A new rickettsial disease in the United States. Clin
Infect Dis 2004; 15;38:812–813.

Ricketts HT. THe transmission of rocky mountain spotted fever
by the bite of the wood-tick (Dermacentor occidentalis).
JAMA 1906; XLVII:358.

Rocky Mountain Spotted Fever—Statistics and Epidemiology.
2012 [updated September 5, 2013; cited 2013 October 9].
Available at www.cdc.gov/rmsf/stats/

Roux V, Fournier PE, Raoult D. Differentiation of spotted fever
group rickettsiae by sequencing and analysis of restriction
fragment length polymorphism of PCR-amplified DNA of the
gene encoding the protein rOmpA. J Clin Microbiol 1996;
34:2058–2065.

Saliba GS, Harmston FC, Diamond BE, Zymet CL, et al. An
outbreak of human tularemia associated with the American
dog tick, Dermacentor variabilis. Am J Trop Med Hyg 1966;
15:531–538.

Smith MP, Ponnusamy L, Jiang J, Ayyash LA, et al. Bacterial
pathogens in ixodid ticks from a Piedmont County in North
Carolina: Prevalence of rickettsial organisms. Vector Borne
Zoonotic Dis 2010; 10:939–952.

Stromdahl EY, Jiang J, Vince M, Richards AL. Infrequency of
Rickettsia rickettsii in Dermacentor variabilis removed from
humans, with comments on the role of other human-biting
ticks associated with spotted fever group Rickettsiae in the
United States. Vector Borne Zoonotic Dis 2011; 11:969–977.

Williamson PC, Billingsley PM, Teltow GJ, Seals JP, et al.
Borrelia, Ehrlichia, and Rickettsia spp. in ticks removed from
persons, Texas, USA. Emerg Infect Dis 2010; 16:441–446.

Address correspondence to:
Tyler Henning

Johns Hopkins Bloomberg School of Public Health
615 N. Wolfe Street E3402

Baltimore, MD 21205

E-mail: thenning@jhsph.edu

SPOTTED FEVER GROUP RICKETTSIAE IN VIRGINIA TICKS 485


