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ABSTRACT Vector competence of Ixodes scapularis Say and Dermacentor variabilis Say for the
agent of human granulocytic ehrlichiosis (HGE)was compared. Fivewhite-footedmice, Peromyscus
leucopus RaÞnesque, were inoculated intra-peritoneally with blood from a mouse infected with the
agent of HGE. Approximately 100 I. scapularis and D. variabilis larvae were placed on each mouse
and allowed to feed to repletion. Fed larvae were collected, separated according to species and
allowed to molt to nymphs. Twenty-six per cent of I. scapularis (34/131) and 11% of D. variabilis
(11/96) tested positive for the agent of HGE by polymerase chain reaction (PCR) after molting to
nymphs. Positive I. scapularisnymphs transmitted the agent ofHGE to P. leucopusmice in 5of 5 trials.
In contrast, the positive D. variabilis nymphs did not transmit the agent of HGE in any of 6 trials.
In a 2nd experiment, 3 P. leucopus mice were infested with I. scapularis nymphs that were infected
with the agent of HGE. All 3 mice became infected with the agent of HGE and '300 D. variabilis
larvae were placed on each mouse and allowed to feed to repletion. Larvae were collected and
allowed to molt to nymphs as before. Approximately 8% (5/60) of the nymphs became positive for
the agent of HGE as determined by PCR. Twenty-Þve of these nymphs were then placed on each
of 9 P. leucopus mice and allowed to feed to repletion. Evidence of transmission was not observed
inanyof 9miceexposed toD.variabilisnymphs.These results demonstrate that although I. scapularis
is a competent vector of the agent of the HGE, D. variabilis is not.
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HUMAN GRANULOCYTIC EHRLICHIOSIS (HGE) is a newly
recognized tick-borne disease in the United States
(Chen et al. 1994) and the blacklegged tick Ixodes
scapularis Say has been reported to be a vector for the
agent of HGE (des Vignes and Fish 1997). The con-
tribution of other tick species to the maintenance of
the agent of HGE in nature and in transmission of this
agent to humans is unknown.

The white-footed mouse, Peromyscus leucopus
RaÞnesque, a natural reservoir host of the agent of
HGE (Telford et al. 1996) is fed upon also by the
American dog tick, Dermacentor variabilis Say. These
human biting ticks may acquire infection from in-
fected mice in their immature stages and transmit the
agent of HGE through the bite of adults. Both D.
variabilis and I. scapularis feed upon humans in areas
where HGE is endemic (Falco and Fish 1988), and
Þeld evidence suggests that D. variabilis may be in-
volved in the transmission of the agent of HGE in
Connecticut (Magnarelli et al. 1995).

The ability of D. variabilis ticks to acquire, maintain
and transmit efÞciently the agent of HGE to reservoir
mice and humans may enable this tick species to play
an important role in the epidemiology of HGE in the
United States. In this study, we compared the com-
petenceofD. variabiliswith I. scapularis for the ability

to acquire and transmit the agent of HGE to a natural
reservoir host, P. leucopus.

Materials and Methods

Ehrlichia-free P. leucopus mice, 6Ð8 wk old, from
our laboratory colony were each infected with an
isolate of the agent of HGE by intraperitoneal (IP)
inoculation of 0.1 ml of EDTA-anticoagulated blood
from an infected severe combined immunodeÞcient
(SCID) mouse. The NCH-1 strain used to inoculate
mice originated from an infected human inhabiting
Nantucket Island, MA (Telford et al. 1996).

To produce infected I. scapularis and D. variabilis
nymphs, each of these mice was infested simulta-
neously with '100 I. scapularis and '100 D. variabilis
larvae derived from uninfected laboratory colonies 7
and 14 d after inoculation with infected blood. Larvae
were allowed to feed to repletion, collected, and al-
lowed to molt to nymphs at 248C and 95% RH in an
environmental chamber.Nymphswere sorted accord-
ing to species and kept separate according to the
infected mouse they fed upon.

Twenty I. scapularis nymphs derived from larvae
that fed on inoculated mice were placed on each of 5
naive P. leucopus mice 3Ð4 wk after molting. Thirteen
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to 25 D. variabilis nymphs, derived from larvae fed on
inoculatedmice,wereplacedona2ndgroupof 7naive
mice 3Ð4 wk after molting. Fed nymphs that survived
the molt to adults, 41 I. scapularis and 43 D. variabilis
ticks, were tested by PCR to determine whether tran-
stadial transmission occurred.

To determine if mice exposed to potentially in-
fected nymphs acquired infection, blood was col-
lected fromthe retro-orbital sinusof eachnaivemouse
before infestation, and at 7 and 14 d after infestation.
Blood and sera were stored for testing for the agent of
HGEbyPCRand indirect ßuorescence antibody tests.
Additionally, 100 I. scapularis larvae were placed on
eachmouse 7d after infestation for xenodiagnosis, and
a pool of 10 I. scapularis larvae that fed on each mouse
was tested for the agent of HGE by PCR.

A 2nd experiment was performed to evaluate the
ability of D. variabilis to acquire and transmit a
Westchester County, NY, strain of the agent of HGE.
This colony of infected nymphs was derived from
uninfected larvae that fed upon laboratory-reared P.
leucopus mice infected previously by Þeld-caught
nymphs from an endemic site in Westchester County,
NY (Schwartz et al. 1997a). The prevalence of infec-
tion with the agent of HGE in these laboratory-main-
tained nymphs was estimated at 50% by PCR assay of
a random sample of 50 ticks.

Three P. leucopus mice were infested each with 20
I. scapularisnymphs from the infected laboratory pop-
ulation. The nymphs were allowed to feed to reple-
tion, and the3micewerebled7and21dafternymphal
infestation to conÞrm infection. Approximately 300
uninfected D. variabilis larvae from our laboratory
colony were placed on each mouse 7 d after nymphal
infestation to obtain infected nymphs.

The I. scapularis nymphs used to infect these mice
and the D. variabilis larvae fed on the mice were
allowed to molt to adults and nymphs, respectively.
Twenty-Þveof theseD.variabilisnymphswereplaced
on each of 9 naive mice which were previously bled.
D. variabilis nymphs were allowed to feed to reple-
tion, and mice were bled again at 7, 14, and 21 d after
infestation to conÞrm infection. Subsequently, 100 I.
scapularis larvae were placed on each mouse for xe-
nodiagnosis 7 d after D. variabilis nymphs fed to re-
pletion. A pool of 20 replete I. scapularis larvae from
each mouse was tested for infection with the agent of
HGE.

Ticks collected from mice were assayed for the
presence of the agent of HGE by PCR. The positive
control used for PCR was the original isolate of the
agent of HGE from the Westchester County canine
(USG3) maintained in the promyelocytic cell line
HL-60 (Aquila,Worcester,MA). Thenegative control
used for PCR was distilled water. DNA was extracted
from ticks using Isoquick, a commercial DNA/RNA
extraction kit (Orca Research, Bothell, WA) to max-
imize sensitivity (Schwartz et al. 1997). Primers EHR
521(59-TGTAGGCGGTTCGGTAAGTTAAAG-39)
and EHR 747 (59-GCA CTC ATC GTT TAC AGC
GTG-39) were used to amplify a 247-bp fragment of
16S ribosomal DNA as described previously by Pan-

choli et al. (1995). The ampliÞcation products were
electrophoresed in 2% agarose gels stained with
ethidium bromide and visualized with a UV transillu-
minator.

An indirect ßuorescence antibody test developed
by Aquila using antigens derived from the agent of
HGE in culture obtained from Westchester County
was performed on mouse sera. Sera were screened at
a dilution of 1:40 in phosphate-buffered saline (pH
7.4) on spot slides of the Ehrlichia antigen.

Results

All 5 mice inoculated with blood infected with the
NCH-1 strain became infectedwith the agent ofHGE,
as determined by indirect ßuorescence antibody tests
on mouse sera collected 21 d after inoculation. Also,
both I. scapularis and D. variabilis nymphs fed as
larvae on these mice were positive by PCR, 3Ð4 wk,
after molting to nymphs. The percentage of positive
ticks was 26% (34/131) for I. scapularis nymphs com-
pared with 11% (11/96) for D. variabilis (Table 1).

All 5mice feduponby I. scapularisnymphsacquired
infection with the NCH-1 strain, as determined by
indirect ßuorescence antibody tests of mouse sera
collected21dafternymphal infestation.Furthermore,
xenodiagnostic I. scapularis larvae from all 5 mice
tested positive by the PCR.

Ixodes scapularis nymphs transmitted the agent of
HGE in 5/5 trials to P. leucopus mice. At least 2Ð5
nymphs that fed on each mouse were positive as de-
termined by the PCR assay after molting to adults
(Table 2).

In contrast, none of 7 mice fed upon by D. variabilis
nymphs positive for the NCH-1 strain became in-
fected, as determined by indirect ßuorescence anti-
body testing on mouse serum collected 21 d after
nymphal infestation. Furthermore, xenodiagnostic
ticks fromeachmouse all tested negative for the agent
of HGE by PCR. Between 4 and 10 D. variabilis
nymphs fed on each mouse; none of these nymphs

Table 1. Transtadial passage of the NCH-1 strain of the HGE
agent in I. scapularis and D. variabilis nymphs fed as larvae

Mouse no.
No. nymphs positive/No. nymphs tested

189 190 191 192 193 Total

Species
D. variabilis 3/25 5/19 0/14 1/23 2/15 11/96
I. scapularis 11/28 4/24 3/15 6/29 10/35 34/131

Table 2. Ability of I. scapularis nymphs to transmit the NCH-1
strain of the HGE agent to P. leucopus

Mouse
no.

Replete nymphs/
nymphs placed

Positive adults/
adults tested

IFA Xenodiagnosis

1 11/20 5/7 1 1
2 15/20 3/10 1 1
3 7/20 3/6 1 1
4 13/20 2/9 1 1
5 12/20 4/9 1 1
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tested positive for the agent of HGE after molting to
adults (Table 3).

In the 2nd experiment, all 3 mice became infected
with the Westchester County, NY, strain after being
fed upon by infected I. scapularis nymphs using the
same criterion as above. Approximately 8% (5/60) of
D.variabilisnymphs fedas larvaeon these3micewere
positive with the agent of HGE (Table 4). All 9 mice
feduponbyD.variabilisnymphs remaineduninfected
as determined by indirect ßuorescence antibody tests
on sera collected 21d after nymphal infestation andby
xenodiagnosis (Table 5).

Discussion

After feeding as larvae on mice inoculated with the
NCH-1 strain, I. scapularis nymphs were positive for
the agent of HGE 2Ð3 times more frequently than D.
variabilis (Table 1). Therefore, I. scapularis is more
efÞcient at acquiring and maintaining this infection
than is D. variabilis. Subsequently, the NCH-1 strain
was transmitted to P. leucopus by I. scapularis in 5 of
5 trials (Table 2).However,D. variabilisnymphswere
unable to transmit this strain to P. leucopus mice in 7
trials (Table 3). Furthermore, D. variabilis nymphs
positive for a wild Westchester County, NY, strain by
PCR were unable to transmit it to mice in 9 additional
trials (Table 5).

It is possible in some trials with D. variabilis that no
infected D. variabilis nymphs fed on some mice, given
the prevalence of infection in D. variabilis nymphs,
was estimated at only 11% (11/96) for those fed on
mice inoculated with the NCH-1 strain and 8% (5/60)
for those fed on mice infected with the Westchester
County, NY, strain. However, 46 nymphs were col-
lected from7mice in the 1st experiment (Table 3) and
89 replete nymphs were collected from 9 mice in the

2nd experiment (Table 5). Therefore, a total of 135 D.
variabilis nymphs fed to repletion and were unable to
transmit either strain of the agent of HGE to P. leu-
copus mice.

Dermacentor variabilis ticks have been found to be
naturally infected with Borrelia burgdorferi, the agent
of Lyme disease (Anderson et al. 1985). However D.
variabilis is incompetent to transmit B. burgdorferi
(Piesman andSinsky 1988).D. variabilismaybe found
with evidence of infection with the agent of HGE
(Magnarelli et al. 1995). However, Þeld-caught ticks
naturally infected with the agent of HGE may not be
competent to transmit the pathogen. Nymphs that are
PCR positive for the agent of HGE may be because of
DNA of the HGE agent being retained in the blood
residue after the larval to nymphal molt and is not
evidence of an established infection in the tick. In
addition, laboratory studies demonstrated that D.
variabilis adults were unable to transmit a related
granulocytic form of Ehrlichia to dogs (Anziani et al.
1990).

The results of this study suggest that D. variabilis
lost infection during the nymph to adultmolt, and that
D. variabilis nymphs are not competent to maintain
and transmit the agent of HGE to vertebrate hosts in
nature.Consequently,D.variabilis appearsnot tocon-
tribute to the maintenance of the agent and does not
serve as a secondary vector of the agent of HGE to
humans.
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