Dermacentor variabilis and Its Associated Rickettsiae in Southeastern Virginia;
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Abstract

Hard-bodied ticks are the most medically important group of arthropods in the United States (US).
Dermacentor variabilis, the American dog tick, 1s a common vector in the US with 1ts geographic
range expanding across the eastern and western portions of the country. This tick 1s the historical
vector of Rickettsia rickettsii, the causative agent of Rocky Mountain Spotted Fever and has been
reported to harbor other spotted fever group rickettsiae anecdotally. In Virginia, spotted fever group
rickettsiosis cases range between 300-400 per year based on passive surveillance data which do not
often 1dentify the rickettsial agent to species. There are a variety of rickettsial species reported 1n
Virginia which include R. rickettsii, R. amblyommatis, R. montanensis, and R. parkeri. Each

rickettsia can be detected in multiple tick species, but are typically transmitted by a single vector; all

of which are sympatric with D. variabilis. The purpose of this study was assess current D. variabilis
populations 1n Virginia and their associated rickettsiae. From 2012 to 2018 as part of a long-term
active surveillance project, adult D. variabilis were collected using standard flagging methods and
their immatures were collected using small mammal trapping. The presence of rickettsiae was
detected using real-time PCR and confirmed using Sanger sequencing. Dermacentor variabilis in
Virginia were observed to harbor R. montanensis, R. parkeri, and R. amblyommatis, with the most
common rickettsial species being R. montanensis. No samples had detectable levels of R. rickettsii

infection. The occurrence of pathogen spillover among sympatric tick species appears to be common

in D. variabilis under select pressures (1.€. when other tick species are dominant in the same area).
Once that pressure 1s removed, R. montanensis, the common endosymbiont of D. variabilis,

becomes the predominant rickettsia detected.

RESEARCH OBJECTIVES

¢ Determine the prevalence of various rickettsial species in field

collected D. variabilis

¢ Determine potential pathogen spillover of R. parkeri and
R. amblyommatis ito D. variabilis immature ticks from small

mammal collections

RICKETTSIA RESULTS

Table 1. Prevalence (percentages) of Rickettsia spp. present 1n
D. variabilis across all sites and analyzed separately by year.
Adults were tested 1in pools and prevalence was determined
using maximum likelithood estimation using the R package
binGroup®. Juveniles were tested individually.

MATERIALS & METHODS

¢ Ticks collected over a 7-year period from vegetation using flagging

and from small mammals using live trapping

** Ticks were 1dentified either morphologically or via real-time PCR

BACKGROUND AND INTRODUCTION

using the ITS2 gene’
“* Rickettsia spp. were identified using real-time PCR assays for the
ompB gene® and sequence confirmed using a portion of the ompA

4 R. montanensis | R. amblyommatis R. parkeri
Year .
of ticks
Adult |Juveniles| Adults Juveniles] Adults Juveniles

2012 657 | 0.47% | 0.41% | 0.00% | 0.83% | 0.00% | 4.56%
2013 630 | 1.41% | 11.2% | 0.00% | 2.39% | 1.71% | 5.58%
2014 268 | 1.23% | 12.3% | 0.60% | 0.00% | 0.00% | 0.00%
2015 298 | 1.79% | 3.25% | 0.57% | 0.00% | 0.00% | 0.00%
2016 227 | 1.27% | 1.45% | 0.00% | 0.00% | 0.61% | 0.00%
2017 287 | 6.33% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
2018 336 | 3.36% | 0.00% | 0.00% | 0.00% | 0.34% | 0.00%

Dermacentor variabilis
Pathogen: R. rickettsii'
Endosymbiont: R. montanensis'

¢ Rickettsia montanensis and R. parkeri were the dominant
rickettsial species found 1n all life stages of D. variabilis
“* Rickettsia amblyommatis was rarely detected; R. rickettsii was

Life History: adults active in summer;
juveniles active all year, but mostly winter

Figure 1. Commonwealth of Virginia. Orange highlighted counties

not detected 1n any samples

summer:

, Amblyomma maculatum
(ST Pathogen: R. parkeri’

Life History: all life stages active 1n

were areas where we collected ticks from vegetation and include
Chesapeake, Isle of Wight, North Ampton, Newport News, Portsmouth,
Suffolk, Virginia Beach, and York.

Figure 2. (A) Example of flagging vegetation for
D. variabilis. (B) Example of white-footed mouse capture
during live trapping for D. variabilis.

SMALL MAMMAL RESULTS

Amblyomma americanum

summer”

Endosymbiont and potential pathogen:
R. amblyommatis?
Life History: all life stages active 1n

“* Spotted fever group rickettsioses are among the most
commonly reported tick-borne diseases in the US
¢ Each tick species 1s a vector of one or more rickettsial

pathogens

¢ Life history traits and questing behavior allow for pathogen

spillover between these tick species

TICK COLLECTION RESULTS AR A S

Figure 4. Immature D. variabilis harbored various Rickettsia
------- e spp. while feeding on a variety of small mammal hosts.
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* Dermacentor variabilis collected from vegetation: 1572 ticks
“ Dermacentor variabilis collected from small mammals: 936 ticks

Small Mammal Species

® Number of non-rickettsial infected D. variabilis m D. variabilis infected with R. montanensis

D. variabilis infected with R. parkeri D. variabilis infected with R. amblyommatis
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*» As adults, Dermacentor variabilis harbor multiple rickettsial species including common rickettsia also found in A. maculatum and A. americanum.

The sharing many large and meso-mammal hosts 1s probab!

¢ Small mammals play a primary role in Virginia as hosts to j

y facilitating the transmission each rickettsial pathogen.

uvenile D. variabilis and A. maculatum. Further investigation into their role as

reservolrs of R. parkeri 1s necessary. Additionally, prevalence of R. parkeri may change in local D. variabilis populations with an abundance of
certain host species acting as reservoirs needs to be followed.

“* Simply harboring rickettsial agents does not necessarily mean that D. variabilis 1s a compotent vector, but further investigation of their potential
for horizontal transmission 1s warranted as these sympatric populations have the ability to acquire and maintain these agents.




