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ABSTRACT: In order to determine the role of coyotes in the epidemiology of granulocytic and
monocytic ehrlichial agents in California (USA), we tested 149 serum samples for antibodies
against Ehrlichia equi, E. risticii, and E. canis, using an indirect immunofluorescent antibody
test. Polymerase chain reaction (PCR) assay was used to survey for the presence of members of
the E. phagocytophila genogroup, E. risticii and E. canis in blood samples of 95 coyotes. Sixty-
eight (46%) samples were seropositive for E. equi, two (1%) for E. risticii and none of the samples
had antibodies reactive to E. canis. Two and one coyote were positive for E. risticii and members
of the E. phagocytophila genogroup by PCR assay, respectively. In contrast, the 95 samples were
negative for E. canis by PCR. Ninety-five percent of the 68 E. equi seropositive coyotes and the
one coyote PCR positive for members of the E. phagocytophila genogroup originated from a
coastal area. However, the two E. risticii seropositive coyotes and the two coyotes PCR positive
for E. risticii were from northern California. Sequence analysis of the three amplified PCR prod-
ucts revealed the agent to be similar in two coyotes to the sequences of E. risticii from horses
originating from northern California and identical in one coyote to the agent of human granu-
locytic ehrlichiosis and E. equi from California. Thus, coyotes are exposed to granulocytic ehrli-
chiae and E. risticii and may play a role in the epidemiology of these ehrlichial agents in Cali-
fornia.

Key words: Coyote, Canis latrans, granulocytic ehrlichiae, Ehrlichia risticii, indirect immu-
nofluorescence antibody test, polymerase chain reaction, reservoir hosts, survey.

INTRODUCTION wild canids, E. canis, E. ewingii, and E.
platys are thought to be host specific,
while E. chaffeensis, the agent of human
granulocytic ehrlichiosis (HGE), E. equi
and E. risticii have been sporadically re-
ported in these species (Greig et al., 1996;
Kakoma et al., 1994; Murphy et al., 1998;

Woody and Hoskins, 1991). In areas where

Ehrlichioses are rickettsial diseases of
animals and humans caused by intracellu-
lar microorganisms of the genus Ehrlichia.
Current classification places members of
this genus into three genogroups, which
are the E. phagocytophila, the E. canis,

and the E. sennetsu groups, based on mor-
phological, phylogenetic and antigenic
analysis (Rikihisa, 1991). These bacteria
infect leukocytes of mammalian hosts and
are transmitted mostly by ticks. Recently,
studies have shown members of the E.
sennetsu genogroup to be transmitted by
trematode vectors using freshwater snails
as intermediate hosts (Barlough et al., 1998;
Reubel et al., 1998). Although some ehr-
lichiae are strictly host specific in nature,
some members of this genus infect or may
cause disease in unusual hosts. In dogs and

ehrlichial diseases occur in humans and
domestic animals, wild canids may serve as
reservoir hosts for these agents (Amyx and
Huxsoll, 1973; Pusterla et al., 1999). Since
members of the E. phagocytophila geno-
group and E. risticii are the most encoun-
tered ehrlichiae in California (USA), we
investigated their occurrence in coyotes,
together with E. canis, the worldwide most
important ehrlichial species in canids.

MATERIALS AND METHODS

One hundred and ten serum samples, 39 un-
coagulated blood samples, and 56 Nobuto filter
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strips (Advantec/MSS Inc., Pleasanton, Califor-
nia, USA) from 205 coyotes (Canis latrans)
were obtained from the California Department
of Fish and Game (Rancho Cordova, Califor-
nia, USA) and the California Department of
Health Services, Vector-Borne Disease Section
(Sacramento, California, USA). Samples were
collected from 1998 through 1999 and kept fro-
zen at —20 C until tested. For the 39 uncoa-
gulated blood samples, both serological testing
and polymerase chain reaction (PCR) were
performed. Serum and plasma samples for in-
direct immunofluorescence antibody (IFA) test
were available from coyotes originating from
Los Angeles (n = 18), Santa Clara (110) and
Tehama (21) counties (California). Nobuto
strips and uncoagulated blood for PCR were
collected from coyotes from EI Dorado (7),
Kern (11), Los Angeles (18), Modoc (9), Plu-
mas (7), San Luis Obispo (8), Santa Clara (11),
Sierra (3) and Tehama counties (21) (Califor-
nia). One hundred and sixty-two coyotes were
adults (>1-yr-old) and forty-three were juve-
niles (<1-yr-old). Forty-nine percent of the
coyotes were males and 51% were females.

Serum and plasma samples were examined
for antibodies to ehrlichiae via indirect immu-
nofluorescent assays. The serological detection
of antibodies to E. canis was performed ac-
cording to Ristic et al. (1972). Ehrlichia equi
and E. risticii antigen were prepared and used
for the detection of antibodies as described
previously (Madigan et al., 1990, 1995). The
conjugate was fluorescein isothiocyanate-con-
jugated goat anti-dog 1gG (Veterinary Diagnos-
tic Technology, Inc., Wheat Ridge, Colorado,
USA). Titers =1:10 were considered positive in
accordance with the reference range estab-
lished in our laboratory. Univariate statistical
analysis of the prevalence of titers was per-
formed using Fisher’s exact test (Statistix pro-
gram for Windows, Analytical Software, Talla-
hassee, Florida, USA), and P = 0.05 was con-
sidered statistically significant.

A 5 mm X 5 mm piece of each Nobuto filter
strip, initially dipped in the animal blood and
air dried, were cut with sterile scissors in a 1.5
ml tube and allowed to soak in phosphate-buff-
ered saline overnight at 4 C. After centrifuga-
tion the paper strips were removed and the pel-
let was used for DNA purification. Genomic
DNA extraction was performed using a
QlAamp DNA Blood Kit (Qiagen, Santa Clar-
ita, California, USA) according to the manufac-
turer’s instructions. To avoid contamination the
extraction steps were performed under a lami-
nar flow and negative controls (Nobuto filter
strips initially dipped in blood from a pathogen-
free dog) were included. DNA was examined
for the presence of E. phagocytophila geno-

group agents, E. risticii, and E. canis genomic
DNA by PCR. Nested PCR assays for members
of the E. phagocytophila genogroup and E. ris-
ticii, which amplify a 928-bp and a 527-bp
product of the 16S rRNA gene, respectively,
were performed as described by Barlough et al.
(1996, 1997a). A single-round PCR, which am-
plifies an E. canis specific amplicon, was con-
structed from 16S rRNA gene sequences pre-
viously published (Anderson et al., 1991). The
primer pair used for E. canis included EC1
(5'"CGGACAATTATTTATAGCCTC3’) and
EC2 (5'CCATTACCTCACCAACTAG3'). The
E. canis PCR assay generated a 191-bp product
with a detection threshold of one cell infected
in vitro with E. canis (data not shown). Cycling
conditions involved an initial 2 min denatur-
ation at 94 C, followed by 40 cycles, each con-
sisting of a 30 sec denaturation at 94 C, a 1 min
annealing at 53C, and a 1 min extension at 72
C. These cycles were followed by a final 5 min
extension at 72 C. The PCR assays were per-
formed on a automated DNA thermal cycler
(MJ Research Inc., Watertown, Massachusetts,
USA). DNA from an uninfected dog and horse,
and from an E. equi and E. risticii infected
horse, and an E. canis infected dog were used
as negative and positive PCR control, respec-
tively. In order to reduce the potential for con-
tamination, DNA extraction, PCR setup, and
gel electrophoresis were performed in three
separate rooms, and the PCR mixtures were pi-
petted under laminar flow. Generated PCR
products were resolved on 1.5% agarose gels,
stained with ethidium bromide and examined
under UV illumination. The resulting PCR
products were extracted from the gel using a
gel band purification kit (QlAquick Gel Extrac-
tion Kit, Qiagen). Sequencing of both DNA
strands was performed with a fluorescence-
based automated sequencing system (PE Bio-
systems, Foster City, California, USA).

RESULTS

Sixty-eight (46%) samples had antibod-
ies reactive to E. equi, two (1%) to E. ris-
ticii, and none of the samples had anti-
bodies reactive to E. canis (Table 1). Se-
roprevalence for E. equi and E. risticii var-
ied among the counties. The prevalence
for E. equi from Los Angeles and Santa
Clara counties was similar (P > 0.05). The
prevalence for E. equi from Tehama
County was significantly lower than from
Los Angeles County (P = 0.002) and from
Santa Clara County (P = 0.002). There
was no major difference in prevalence by
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TaBLE 1. Results of serological examination of 149 coyote samples for Ehrlichia equi, E. risticii and E. canis
by indirect immunofluorescence antibody test.

E. equi E. risticii E. canis

Origin Reactived/ IFA titers Reactive?/ IFA titers Reac-

(county) total (%) (n) total (%) (n) tive?
Los Angeles 9/18 (50) 10(3), 20(3), 40(2), 320(1) 0 <10(18) 0
Santa Clara 56/110 (51) 10(14), 20(5), 40(7), 80(6), 160(8), 0 <10(110) 0

320(12), 640(2), 1,280(2)

Tehama 3/21 (14) 10(2), 80(2) 2/21 (10) 10(1), 20(2) 0
Total 68/149 (46) 2/149 (1) 0

a 1FA titer of =1:10.

sex; however, the prevalence was signifi- inating from northern California (Table 2;
cantly higher in adult than in juvenile coy- Barlough et al., 1998; Reubel et al., 1998).
otes (P = 0.01). Both E. risticii seroposi- The nucleotide sequence of the coyote
tive coyotes were adults and found in Te- from Santa Clara County was 100% ho-
hama County; compared to Los Angeles mologous to that of E. equi and the agent
and Santa Clara counties, the difference of HGE from California (Foley et al.,
was statistically significant (P = 0.0004). 1999).

Nested PCR yielded positive products The 16S rRNA gene sequence of the
for E. risticii DNA in one adult and one coyote strains have been deposited in
juvenile coyote originating from northern GenBank under the accession numbers
California (Tehama and Plumas counties) AF170727 (coyote from Tehama County),
and for E. phagocytophila genogroup AF170728 (coyote from Santa Clara Coun-
members in one juvenile coyote from cen- ty) and AF170729 (coyote from Pluma
tral coastal California (Santa Clara Coun- County).
ty). The nucleotide sequence of the two E.
risticii-positive coyotes differed in two nu-
cleotide positions and was closely related Although ehrlichial diseases were once
to the sequences of E. risticii strains orig- considered rare in the USA, this is no lon-

DISCUSSION

TAaBLE 2. Nucleotide differences at the 5’ end of the 16S rRNA genes of coyote, equine and snail E. risticii
strains from northern California.

Nucleotide at the following position?:

DNA source 76 94 97 131 218 309 342 363
E. risticii lllinois G G C G G A A A
Coyote (Tehama County) A A . G .
Coyote (Plumas County) A A A. G G

Snail (Juga spp.)P

Snail (SHSN-1)¢ . . . . . .
Snail (SHSN-2)¢ . . . . . G
Horse (SRC)d

Horse (Dr Pepper)P

Horse (Ms Annie)P ) ) ) )

Horse (Doc)P A A A A

a Differences in the nucleotide sequence are relative to the sequence of the type strain E. risticii lllinois (GenBank accession
no. U21290); identical nucleotides are indicated by periods, and nucleotide differences are indicated by capital letters.

b According to Reubel et al. (1998).

¢ According to Barlough et al. (1998).

d According to Madigan et al. (1997).
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ger true. Diagnoses of ehrlichial diseases
are being made in the USA with increasing
frequency in part because of improving di-
agnostic tests, and increasing clinical
awareness. In California, the agents of
HGE/E. equi have a broad host range in-
cluding humans (Gewirtz et al., 1996; Fo-
ley et al., 1999), horses (Madigan and
Gribble, 1987), dogs (Madewell and Grib-
ble, 1982) and deer (Foley et al., 1998). E.
risticii has as yet only been found in horses
and in trematode stages collected from
freshwater snails from northern California
(Madigan et al., 1997; Barlough et al.,
1998; Reubel et al., 1998) and E. canis,
known to occur worldwide, has to the
knowledge of the authors never been con-
firmed in California. The distribution of
the ehrlichial agents is largely dependent
on the distribution of the vectors. So far
Ixodes pacificus, vector of the agent of
HGE/E. equi, has been reported predom-
inantly from the coastal and Sierra Nevada
foothills, while Rhipicephalus sanguineus,
vector of E. canis and almost exclusively a
parasite of dogs in North America, is as-
sociated with the large population centers
in California (Furman and Loomis, 1984).
The vector of E. risticii is a helminth
closely associated with aquatic habitats in
northern California (Reubel et al., 1998).
In our opinion, coyotes are ideal wild an-
imals to study the importance and spread
of ehrlichial diseases, because of their
wide distribution, their usual fidelity to a
specific territorial area, their contact with
ehrlichial vectors, and their susceptibility
to ehrlichial diseases (Ewing et al., 1964;
Amyx and Huxsoll, 1973; Pusterla et al.,
1999).

We are aware that the low cut off titer
set for our serological study could artifi-
cially inflate the percentage of animals
testing seropositive. However, since we
tested three different ehrlichial agents,
which belong to three different geno-
groups, the risk of cross-reaction was con-
sidered low (Dumler et al., 1995). The E.
equi serology data demonstrate that expo-
sure to members of the E. phagocytophila

genogroup is common in coyotes. The
high prevalence found in coyotes from
Santa Clara and Los Angeles counties was
influenced by age and might be related to
increased exposure to the tick vector, or to
a high prevalence of ehrlichial agent in the
tick population in these areas. Ixodes pa-
cificus ticks are predominantly spread in
the coastal area and are reported to feed
on coyotes (Furman and Loomis, 1984).
Recent epidemiological studies have found
members of the E. phagocytophila geno-
group in 0.3-6.7% of adult 1. pacificus
from the coastal area and the Sierra Ne-
vada foothills (Barlough et al., 1997b; Kra-
mer et al., 1999). The significantly lower
seroprevalence of coyotes from Tehama
County may be attributable to differences
in tick distribution among these areas. Se-
quencing of DNA revealed that the PCR
positive-coyote from Santa Clara County
was infected with the agent of HGE/E.
equi. The low PCR prevalence in the coy-
ote population suggests that this species is
not a major reservoir for members of the
E. phagocytophila genogroup. Most of the
infected coyotes probably do not develop
clinical signs, but develop antibody titers.
This makes coyotes an ideal indicator spe-
cies for granulocytic ehrlichiosis.

Efforts have been made in recent years
to establish the host range of E. risticii.
Dogs and cats are susceptible to infection
with E. risticii and have been suggested as
a reservoir in the field (Dawson et al.,
1988; Ristic et al., 1988; Kakoma et al.,
1994). All of the E. risticii-seropositive
coyotes originated from northern Califor-
nia, where the disease occurs naturally in
horses (Madigan et al. 1997). Since the
vector and the life cycle of E. risticii are
still unfolding, the role of wild canids is
difficult to assess. Coyotes may be a res-
ervoir host of E. risticii or an accidental
host. DNA sequence of material collected
from the coyotes was closely related to the
sequences of E. risticii from northern Cal-
ifornia (Madigan et al., 1997; Barlough et
al., 1998; Reubel et al., 1998). The small
molecular discrepancy between the E. ris-
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ticii coyote strains reported in this study
has previously been shown between dif-
ferent horse strains and is probably part of
the genetic variation of E. risticii (Reubel
et al., 1998). The lack of knowledge of how
E. risticii is transmitted in nature requires
additional studies involving the coyote as a
potential reservoir.

The only evidence for a susceptible E.
canis host, other than dog, in the USA was
supplied by Ewing et al. (1964) when they
experimentally infected a coyote. The find-
ing that none of the coyotes had antibodies
reactive to E. canis or tested PCR positive
was expected, because clinical cases have
not been confirmed in dogs from Califor-
nia and R. sanguineus ticks are not wide-
spread. However, dogs may introduce the
agent in the non-infected tick population
when imported from endemic areas.
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