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Abstract : Antibodies to Anaplasma phagocytophilum and Ehrlichia chaffeensis were detected by the immunofluorescent
antibody (IFA) test in sera collected from cats, thoroughbred horses and Holstein cattle in Gwangju, Jeonju and Jeju
Island of Korea. Two hundred fifty four sera (33 feral and pet cats, 92 grazing horses and 129 grazing cattle) were
obtained from Republic of Korea. Antibodies to 4. phagocytophilum (titer > 80) were detected in 6 of the 33 feral
and pet cats (18.2%), and 1 seropositive cat (3.0%) also had antibodies to E. chaffeensis. Only 1 of 129 (0.8%) cattle
and 2 of 92 (2.2%) horses had antibodies to 4. phagocytophilum. Antibodies to E. chaffeensis were not detected in
either of these animals. This is the first report of serological evidence of 4. phagocytophilum and E. chaffeensis from
cats, cattle and horses in Korea. These rickettsial agents could have an important impact on human health or impact
animal health with economic losses among industrial grazing animals in Korea.
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Introduction

Anaplasma phagocytophilum and Ehrlichia chaffeensis are
tick transmitted gram negative obligatory intracellular micro-
organisms, known as important agents of veterinary diseases
(27). A. phagocytophilum is transmitted by Ixodes species
ticks (5,23), whereas E. chaffeensis is transmitted primarily
by the lone star tick (Amblyomma americanum) in the United
States (1). Ehrlichial organisms infect blood cells of domes-
tic and wild animals and may lead to a febrile systemic ill-
ness often accompanied by hematological abnormalities,
lymphadenopathy and elevation of hepatic enzyme activities
(4,27). Infection with A. phagocytophilum and E. chaffeensis
has been reported in various animal species. A. phagocyto-
philum is the etiologic agent of tick-borne fever (TBF) of
sheep, goats, and cattle, and is believed to occur predomi-
nantly in Europe and perhaps in Africa (14). A. phagocyto-
philum also causes disease in cats, dogs, horses and humans
whereas E. chaffeensis is the cause of human monocytic ehr-

'Corresponding author.
E-mail : jschae@snu.ac.kr

515

lichiosis, but may cause severe disease in naturally infected
dogs, and natural subclinical infections in deer (6,20). The
diagnosis of anaplasmosis and ehrlichiosis is usually based
on clinical signs and examination for inclusions (morulae) in
the leukocytes. Other diagnostic methods such as culture isola-
tion, serologic tests, and molecular techniques are conducted to
detect infection, but the indirect immunofluorescence antibody
test (IFA) is commonly and widely used (13,28).

In Korea, Heo et al. (15) and Park ef al. (24) reported the
identification of the antibodies against E. chaffeensis and A.
phagocytophilum among serum samples of patients with
febrile illnesses of unknown etiology in Korea using the indi-
rect fluorescent antibody (IFA) test. Also, Kim et al. (17)
reported molecular evidence of E. chaffeensis and A. phago-
cytophilum using genus-specific TagMan PCR and using a
species-specific PCR on ticks collected from animals and
grass vegetation in Korea (17). Recently, E. chaffeensis rrs
(16S rRNA gene) fragments were identified from Haema-
Dphysalis longicornis ticks in Korea by PCR (19), and A.
phagocytophilum partial groEL sequences were identified in
the spleens of wild rodents (25). The striped field mouse
probably plays a role as a reservoir for latent infections of
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Table 1. Percentage of Anaplasma phagocytophilum TFA-positive sera among in three animal species (cats, thoroughbred horses, and
Holstein cattle) obtained from different regions of Republic of Korea

Animals Provinces Numbers of serum samples Numbers of IFA positive  Seropositive rates (%)
Cat" Gwangju/Jeonju 33 6 18.2
Thoroughbred horse Jeju Island 92 2 2.2
Holstein cattle Jeju Island 129 1 0.8
Total 254 9 35

*one cat reacted both E. chaffeensis and A. phagocytophilum (See Table 2)

various Ehrlichia or Anaplasma species in Korea (8).

In this study, we examined the prevalence of antibodies
reactive with A. phagocytophilum and E. chaffeensis in
serum samples from cats, horses and cattle in Republic of
Korea using the IFA test. The results of this study suggest
that the etiologic agents of the ehrlichioses are distributed in
various animal species in Republic of Korea.

Materials and Methods

Serum samples

Two hundred fifty four whole blood samples were col-
lected in tubes without anticoagulant from 33 cats, 92 horses
and 129 cattle. Twenty cat sera were collected from feral cats
in Gwangju Province and 13 sera were obtained from pet
cats that had been at the Veterinary Medical Teaching Hospi-
tal in Chonbuk National University from Jeonju City during
2002 to 2004. Sera from thoroughbred horses and Holstein
cattle were obtained from meadows on Jeju Island. Blood
samples were centrifuged and sera were collected and stored
at -80°C until analyzed by IFA test.

In vitro culture

A. phagocytophilum was propagated in HL-60 cells (human
promyelocytic leukemia cell line) in RPMI 1640 medium
(GIBCO-BRL) supplemented with 1% fetal bovine serum
(FBS) and 2 mM L-glutamine. E. chaffeensis was cultivated
in DH82 cells (dog macrophage cell line) in MEM medium
(Gibco-BRL) supplemented with 1% FBS and 2mM L-
glutamine. These agents were cultured in a humidified 37°C
incubator.

IFA test

The indirect immunofluorescence antibody test was per-
formed as described previously (30). Antigen slides were
made with highly infected HL-60 cells and DH82 cells fixed
in cold-acetone and stored at -80°C until used. For the TFA,
animal sera were diluted 1:80 in PBS (pH 7.4) with 0.5%
nonfat skim milk (PBSM) and added to antigen slides for 1
hour at room temperature (RT). After washing with PBS, flu-
orescein isothiocyanate (FITC)-labeled goat anti-horse immu-
noglobulin G (IgG), IgA, and IgM (Kirkegaard & Perry
laboratories; KPL) for horse sera, FITC-labeled goat anti-
bovine IgG, IgA, and IgM (KPL) for cattle, and FITC-labeled
goat anti-cat 1gG, IgA, and IgM (KPL) for cat sera were

added as a secondary antibody at a dilution of 1 : 50 and incu-
bated at RT for 1 hour. After that, antigen slides were counter-
stained with Evans blue (0.005%) and mounted for examina-
tion by fluorescence microscopy. The serum antibody titer
was determined in twofold serial dilutions of animal sera,
starting at a dilution of 1 : 80 in 0.5% PBSM.

Results

A total of 254 animal sera from feral cats, thoroughbred
horses and Holstein cattle in Republic of Korea were tested
for A. phagocytophilum and E. chaffeensis by IFA test (Table
1). In total, 9 sera reacted with A. phagocytophilum (3.5%)
and 1 reacted with E. chaffeensis (0.4%). Five sera of 20
feral cats and 1 of 13 pet cat sera were reactive with 4.
phagocytophilum. One serum from a feral cat reacted with E.
chaffeensis. Two of the 57 thoroughbred horses and 1 of the
129 Holstein cattle were seropositive for A. phagocytophi-
lum; however, all were seronegative for E. chaffeensis. Table
2 shows the IFA titer of sera reactive with 4. phagocytophi-
lum and E. chaffeensis. The ranges of IFA titer were 160 to
640. Only 1 serum was considered reactive with both 4.
phagocytophilum and E. chaffeensis which was from a feral
cat and the titer was 640 for both organisms.

Discussion

Infections caused by members of the Anaplasmataceae
family are recognized in animals and humans (3,28). The aim
of this study was to examine the existence of ehrlichial infec-
tion of domestic and companion animals in Republic of

Table 2. Anaplasma phagocytophilum and Ehrlichia chaffeensis
IFA titers for seropositive cats, horses, and cattle from Republic
of Korea

IFA titer

Animals Location (number of positive sera)

E. chaffensis A. phagocytophilum

Cat  Gwangju (feral cat) 1:640 (1) 1:640 (3)
Gwangju (feral cat) <1:80 (0) 1:160 (2)

Jeonju (Pet cat) < 1:80 (0) 1:160 (1)

Horse Jeju Island <1:80 (0) 1:320 (1)
Jeju Island <1:80 (0) 1:160 (1)

Cattle Jeju Island <1 :80 (0) 1:160 (1)
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Korea. We tested for the presence 4. phagocytophilum and E.
chaffeensis antibodies in 3 animal species: cats, thorough-
bred horses, and Holstein cattle. None had unique signs such
as fever, rigors, muscle tenderness, vomiting, as typically
observed with ehrlichiosis and granulocytic anaplasmosis.
Although we are unaware of hematological changes of the
animals tested in our survey, these results suggest that some
animals in the Republic of Korea were exposed to the Ana-
plasmataceae, A. phagocytophilum and E. chaffeensis, or
serologically similar organisms. In our prior studies, rickett-
sial pathogens were detected in ticks from 9 provinces of
Republic of Korea (17). We also detected several rickettsial
pathogens in wild small mammals collected from Army
training sites (9,18). Recently, Yu et al. (33) reported about
E. chaffeensis infections in Korean dogs. Based on these
results, it is likely that these rickettsial pathogens are
enzootic in Korea.

In this study, we found that 1 serum from a cat had anti-
bodies to both 4. phagocytophilum and E. chaffeensis. 1t is
possible that this represents prior infection with both patho-
gens transmitted by ticks, although cross-reactivity is well
recognized between these species and cannot been excluded.

The IFA test is rapid and convenient, and is the most
widely used method for screening of A. phagocytophilum and
E. chaffeensis exposures, although there are both advantages
and disadvantages. It is the most sensitive test to detect ehrli-
chiosis or granulocytic anaplasmosis, but could give incon-
sistent results because of pathogen antigenic diversity and
various technical factors that differ among laboratories (2).
Also serological cross-reactivity between Anaplasmataceae
genera and species can pose a serious problem for interpreta-
tion of IFA results (22) leading to potential misdiagnoses
(7,26). 1t has been reported that serum from patients with
human granulocytic anaplasmosis (HGA, A. phagocytophi-
lum infection) cross-react with E. chaffeensis (11,32); E. canis
can also cross-react with 4. phagocytophilum (31). Other
reports demonstrate cross-reactivity between E. canis and A.
phagocytophilum; however, until recently this has been con-
sidered rare and generally only a problem with hyperimmu-
nized sera (12).

Western immunoblot is generally thought to be more spe-
cific than IFA, since it provides information about specific
reactive antigens (29). Western immunoblot analysis with
purified whole organisms or recombinant protein antigens
has been used to differentiate A. phagocytophilum from E.
chaffeensis. 1t is reported that 24 of 30 (80%) sera reactive
with A. phagocytophilum react with a 44 kDa antigen, pre-
sumably major surface protein 2 (Msp2), and 25 of 39 sera
reactive with E. chaffeensis reacted with a 28 kDa antigen
(24). Previous studies showed that anti-E. chaffeensis sera do
not react with recombinant 4. phagocytophilum p44, but sera
from patients with HGA have antibodies that specifically react
to this protein (34). Despite this, there has been little corrob-
oration or evidence to support Western blot diagnostic utility.

PCR is another important method to detect ehrlichiosis and

granulocytic anaplasmosis. This assay is performed by ampli-
fication of bacterial DNA in the blood of suspected hosts or
vectors (6,21). Recently E. chaffeensis, A. phagocytophilum
and A. bovis were detected in H. longicornis and Ixodes per-
sulcatus ticks from Korea (17). In other molecular compari-
son studies, groEL of Anaplasma species and an rrs (16S
rRNA gene) fragment of E. chaffeensis were detected in
mammalian and human samples from Korea (19,25).

and granulocytic anaplasmosis have been studied and iden-
tified in many countries including in North America, Europe,
Asia and others. Ehrlichia and Anaplasma spp. are reported
in China and Japan (10,16). In Republic of Korea, a sero-
logic survey for A. phagocytophilum and E. chaffeensis in
human patients was performed (15,24). But, infection of
horses, cattle and cats with A. phagocytophilum and E. chaf-
feensis in Korea has not been reported.

We report the first serologic evidence of A. phagocytophi-
lum and E. chaffeensis infections in animals in Korea. More
study and molecular surveys are needed to confirm these ini-
tial data and to isolate Ehrlichia and Anaplasma spp. from
animals in Korea and Asia. Moreover, it is necessary to iden-
tify whether novel Ehrlichia and Anaplasma species could
account for some infected animals or humans in Korea.
These rickettsial agents could have an important impact on
human health or impact animal health with economic losses
among industrial grazing animals in Korea.
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