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Abstract : Anaplasmosis is a rickettsial zoonosis mediated by blood-sucking arthropods, such as ticks, flies, and
mosquitos. Migratory birds are common hosts of ticks that are mediators of anaplasmosis, in particular, the tick infection
rate in thrushes (family Turdidae) has been known to be high. The main purpose of this study is to survey the occurrence
and prevalence of Anaplasma spp. from the migratory thrushes in Jeju island. We collected blood samples from 6
thrushes rescued at the Jeju Wildlife Rescue Center and from 34 wild-caught thrushes on Mara island which is a
satellite island of Jeju. As a result, the nested PCR confirmed that seven out of 40 individuals (17.5%) were infected
by Anaplasma spp. and all of them were identified as A. phagocytophilum based on sequences obtained from partial
16S rRNA. All the infected birds were on their northward migration in spring, our results suggest that the Turdidae
family, which is a common and abundant migrant group passing through Jeju island, may act a role as active reservoir
and disperser of A. phagocytophilum causing potential influx of the zoonotic pathogens from its wintering grounds
in lower latitude to the mainland Korea as well as Jeju.
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Introduction

Anaplasmosis is a rickettsial zoonosis mediated by blood-
sucking arthropods, such as ticks, flies, and mosquitos, and it
is caused by obligate intracellular tick-borne bacterium which
belongs to the family Anaplasmataceae. Anaplasmataceae
includes the genus Ehrlichia, Anaplasma, Neorickettsia, and
Wolbachia, and six species have been known in the genus
Anaplasma: A. phagocytophilum, A. bovis, A. centrale, A.
margimale, A. ovis, and A. platys (5).

In general, migratory birds may enable ticks to disperse
over a long distance as common hosts (3). Thrushes (family
Turdidae), common and abundance migrants in the Republic
of Korea, are medium-sized songbirds, and they are often
highly infested by ticks due to their ground-feeding habits
(1,3) In Europe, thrushes, especially the Blackbirds (Turdus
merula), seem to be the most important host harboring ticks
(8). Pathogens are often associated with ticks; previous stud-
ies in Korea reported that Anaplasma and Ehrlichia spp. were
identified from Haematophysalis flava ticks collected from
migratory birds and A. phagocytophilum, A. bovis, A. cen-
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trale, A. platys, E. chaffeensis, Borrelia spp. and Batronella
spp. were detected in Ixodes spp. and H. longicornis ticks
from migratory birds and vegations (12,19). Outside Korea,
various tick-borne pathogens such as A. phagocytophilum
(1,6,9,10,18), Borrelia garinii (20), B. valaisiana (20) and B.
burgdorferi (1,6,11,18) were reported from ticks on migra-
tory or sedentary birds. Along with the studies on the patho-
gen prevalence in collected ticks, direct detections of A.
phagocytophilum (4,15,22) and E. chaffeensis (15) from avian
hosts like Blackbirds and Chaffinches (Fringilla coelobs)
have been reported. All of these results suggest that wild
birds are hosts of ticks and reservoirs of associated patho-
gens, and migratory birds in particular may be dispersers car-
rying tick-borne pathogens over a long distance.

There have been several studies on the connection between
birds and tick-borne pathogens in Korea, but most of them
have focused on the tick infestation (3) and the pathogen
detection in bird ticks, not from avian hosts themselves (12).
Therefore, the information on the prevalence of tick-borne
pathogens in wild birds is rarely available. This study aims to
detect and identify Anaplasma spp. in migratory thrushes that
represent the highest tick infestation rate in order to under-
stand the possible influx of tick-borne pathogens to Jeju
island through bird migration.
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Materials and Methods

Study area and sample collection

Study area is in the jurisdiction of Jeju Special Self-gov-
erning Province, including main island of Jeju and its satel-
lite island. From 2012 to 2013, a total 34 migratory thrushes
were trapped using mist nets (2.5 x 12 m) on Mara island in
Seogwipo-si, Jeju. We also examined six rescued thrushes
admitted to the Jeju Wildlife Rescue Center, Jeju National
University. We collected blood samples (< 10 pl) from bra-
chial veins of each thrush caught or rescued, comprising nine
species: Brown-headed Thrush (Turdus chrysolaus, 3 birds),
Dusky Thrush (Turdus eunomus, 1), Eye-browed Thrush (7ur-
dus obscurus, 3), Grey-backed Thrush (Turdus hortulorum,
3), Japanese Thrush (Turdus cardis, 5), Naumann's Thrush
(Turdus naumanni, 2), Pale Thrush (Turdus pallidus, 13),
Siberian Thrush (Zoothera sibirica, 1), and White's Thrush
(Zoothera aurea, 9) (Table 1).

DNA Extraction and 16S rRNA gene amplification

Total DNA was extracted from 5 pl of each heparin-treated
blood sample using the DNeasy Blood & Tissue kit (Qiagen,
Santaclarita, CA, USA). The DNA concentration was mea-
sured by spectrophotometer (NanoVue, GE Healthcare, USA)
and adjusted about 100 ng/ul.

PCR was carried out in two stages. Primary PCR amplifi-
cation was performed with the primer set AEI-F (5-AAG
CTT AAC ACA TGC AAG TCG AA-3') and AEI-R (5-
AGT CAC TGA CCC AAC CTT AAA TG-3'") that was spe-
cific to the 16S rRNA gene of both Anaplasma and Ehril-
chia species. After then, a nested PCR was performed with
EE3F (5'-GTC GAA CGG ATT ATT CTT TAT AGC-3") and
EE4R (5'-CCC TTC CGT TAA GAA GGA TCT AAT CTC
C-3") that was specific to the 16S rRNA gene of 4. phagocy-
tophilum.

The primary PCR product was diluted to 1/20 and then the
nested PCR was conducted. The PCR reaction consisted of
100 ng of genomic DNA, 10 uM of each primer, PCR buffer,
1.5 mM MgCl,, 200 mM dNTPs and 1.5 U Tag polymerase
(2X TOP simple TM DyeMIX aliquot-n7ag Kit, Enzynom-
ics, Korea), making up to a final volume of 20 ul. The PCR
cycling conditions were as shown in Table 2 and the PCR
products were visualized using a 1.5% ethidium bromide-
stained agarose gel.

Sequencing and phylogenetic analysis

The PCR products were used for the following sequence
analysis (Solgent, Korea), and the sequences obtained (par-
tial 16S rRNA gene) were compared with the GenBank data-
base by nucleotide sequence homology searches made at the
network server of the National Center for Biotechnology Infor-
mation (NCBI) using BLAST. Multiple sequence alignments
were performed using the program Clustal W and Phyloge-
netic trees were constructed by neighbor-joining method with
distance matrix calculation by Kimura’s two parameters,
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Table 1. Thrush species and information tested for Anaplasma
phagocytophilum in this study

Date of  Thrush (Common Thrush (Scientific
colletion name) name) 1D no.
2012.04.01 Dusky Trush Turdus eunomus 040-12144
2012.04.01 Pale Thrush Turdus pallidus 040-12152
2012.04.01 Pale Thrush Turdus pallidus 040-12164
2012.04.01 Pale Thrush Turdus pallidus 040-12173
2012.04.01  White's Thrush Zoothera aurea 050-07121
2012.04.07  White's Thrush Zoothera aurea 050-07103
2012.04.07  White's Thrush Zoothera aurea 050-12132
2012.04.07  White's Thrush Zoothera aurea 050-12145
2012.04.07 Japanese Thrush Turdus cardis  050-12878
2012.04.08 Pale Thrush Turdus pallidus 040-12176
2012.04.08 Pale Thrush Turdus pallidus 040-12822
2012.04.08 Pale Thrush Turdus pallidus 040-12826
2012.04.08 Pale Thrush Turdus pallidus 040-12837
2012.04.08 Pale Thrush Turdus pallidus 040-12894
2012.04.08 Pale Thrush Turdus pallidus 040-12899
2012.04.14 Pale Thrush Turdus pallidus 020-12879
2012.04.14  Japanese Thrush Turdus cardis  040-12836
2012.04.14  White's Thrush Zoothera aurea 050-12166
2012.04.15 Pale Thrush Turdus pallidus 040-12287
2012.04.15 Japanese Thrush Turdus cardis  040-12857

2012.04.22 Grey-backed Thrush Turdus hortulorum 040-12834
2012.05.30 Grey-backed Thrush Turdus hortulorum 040-12845
2013.03.15 Naumann's Thrush Turdus naumanni 040-12806
2013.03.31 Naumann's Thrush Turdus naumanni 040-15403

2013.04.23

Japanese Thrush

Turdus cardis

2013-149

2013.05.04 Brown-headed ThrushTurdus chrysolaus 040-15456
2013.05.11 Eye-browed Thrush Turdus obscurus 040-15417

2013.05.25

Siberian Thrush

Zoothera sibirica

040-12816

2012.09.22
2012.09.22

White's Thrush
White's Thrush

Zoothera aurea

Zoothera aurea

050-07135
050-07152

2012.10.06 Grey-backed Thrush Turdus hortulorum 040-12198

2012.10.09

White's Thrush

Zoothera aurea

2012-448

2012.10.13 Eye-browed Thrush Turdus obscurus 040-12829

2012.10.19

Japanese Thrush

Turdus cardis

040-12842

2012.10.20 Eye-browed Thrush Turdus obscurus 040-12195
2012.11.16 Brown-headed ThrushTurdus chrysolaus 040-12831
2013.10.25 Brown-headed ThrushTurdus chrysolaus 2013-516

2012.12.09
2012.12.31
2013.01.17

Pale Thrush
White's Thrush
Pale Thrush

Turdus pallidus
Zoothera aurea
Turdus pallidus

2012-562
2012-586
2013-033

operated by MEGA (Molecular Evolutionary Genetics Anal-

ysis) software version 5.1 (17).
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Table 2. PCR condition for the detection of Anaplasma phagocytophilum in blood samples of migratory thrushes in Jeju Island, Korea

PCR condition

Primer Species and target gene Product size (bp)
Denaturation Annealing Extension cycles

AEI-F Anaplasma/Ehrilchia spp. o o o
AELR 16S IRNA 94°C/30s 59°C/30s 72°C/30s 35 1406
EE3F i

A. phagocytophilum 165 g 4o 30, 56°C/30s 72°C/45s 35 926
EE4R RNA

Results Bank database. sequence comparisons were as follow : 4.

The nested PCR using the EE-16S primer set amplifies an
~1000 bp band in case of the infection of A. phagocytophilum,
otherwise no band appears. As a result, seven blood samples
had clear bands at 1000 bp site (Fig 1), and thus we detected
A. phagocytophilum in seven out of 40 blood samples col-
lected. Bird species with seven positive results were White's
(Zoothera aurea; one bird), Japanese (Turdus cardis; two
birds), and Pale Thrushes (Turdus pallidus; four birds) (Table
1). Among the seven infected thrushes, six were wild caught
thrushes on Mara island while the rest was a rescued Japa-
nese Thrush in main island of Jeju. All infected thrushes
were caught or rescued during their northward migration in
spring, not in autumn nor winter.

Sequencing and Phylogenetic analysis

By nucleotide sequence analysis of seven positive sam-
ples, we obtained the 926 bp sequence of each (Table 3).
Though several mutations were identified in the nucleotide
sequence of each individual, but all sequences corresponded
to the sequence of A. phagocytophilum (>99% identical),
indicating that all the pathogens detected are A. phagocyto-
philum.

The sequences were compared with other gene sequence of
Anaplasma and Ehrlichia species obtained from the Gen-

050 050 040 040 040 040
Marker 149 12878 12132 12837 12894 12822 12826

+«926bp

Fig 1. Agarose (1.5%) gel electrophoresis of the nested PCR
products representing positive results about 4. phagocytophilum.

phagocytophilum (GU046565) from Korea, 4. phagocytophi-
lum (GU064896) from Korea, 4. phagocytophilum (GU-
556621) from Korea, A. phagocytophilum (AB196721) from
Japan, A. phagocytophilum (AY055469) from USA, A. phago-
cytophilum (AY527213) from Sweden, A. phagocytophilum
(AY969012) from Japan, A. bovis (GU556626) from Korea,
A. bovis (EU181143) from Korea, A. marginale (DQ341370)
from China, A. platys (AF536828) from Japan, A. platys
(AF156784) from China, 4. centrale (AF318944) from Neth-
erlands, A. marginale (FJ226454) from Japan, A. ovis
(EF587237) from China, Ehrlichia sp. (AJ242784) from
Sweden, E. canis (M73226) from USA, E. chaffeensis (AF-
416764) from USA, E. chaffeensis (M73222) from USA, E.
canis (AF373613) from Venazuela (Fig 2) (19).

A. phagocytophilum GU046565 Korea
A. phagocytophilum GUOG4896 Korea
A. phagocytophilum GU556621 Korea
g9 A. platys AF536828 Japan
A. platys AF156784 China
A g P AB196721 Japan
A. bovis GUS56626 Korea
100 VA, bovis EUT81143 Korea
Ehrichia sp. AJ242784 Sweden
A. phagocytophilum AY055469 USA
s3] A phagocytophilum AY527213 Sweden
A. phagocytophilum AY969012 Japan

77 1A marginale DQ341370 China
A. marginale FJ226454 Japan
—mbm AF318944 Netheriands
63 A. ovis EF587237 China

100— E. canis M73226 USA
| E. canis AF373613 Venazuela
100 | E. chaffeensis AF416764 USA
93| E. chaffeensis M73222 USA

—_
om

Fig 2. Phylogenetic tree of partial 16s IRNA gene sequences of
various Anaplasma and Ehrlichia species and PCR-amplified
16s rRNA products the Family Turdidae collected in this study.
Scale bar indicates the number of mutations per sequence posi-
tion. The number at the each node represents the percentage of
1,000 bootstrap resamplings.
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Table 3. Sequence alignments of the 16s rRNA genes in the positive samples. Dots indicate identical to those of the reference sample

(050-12878).

sequence

11 1222333444555667778888999

Sample 112234692681 58258059357270482489222

1230505047508537576414332823385618724586

050-1288G TCATATTTACAAGACTCTAATTCAACGTTGGCTTGGG
050-12132 . . . . . . . A C C
040-12837 . . A C
040-12894 . . AL C C
040-12822 . AL C
040-12826 . A C C
2013-149 . GCG.AC C C

Discussion demonstrates a confirmed role of Turdidae, incoming from

In this study, Anaplasma phagocytophilum causing the
zoonotic anaplasmosis was detected in bloods of Turdidae
birds. Up to now, A. phagocytophilum has been detected to
diverse animals including racoon (7,13), red fox (7), mouse
(16), dog (21), deer (22), etc, and it is known as a possible
cause of human granulocytic anaplasmosis (HGA)(2). There
was also a case report that 4. phagocytophilum was identified
from Blackbirds in the family Turdidae (4,22). Other studies
about the 4. phagocytophilum infection rate were 6.3% and
4.2% in ticks collected from Redwings (Turdus iliacus) and
Blackbirds (9). Compared with such results, this study shows
the relatively high infection rate of A. phagocytophilum
(17.5%) in the Family Turdidae. It is unclear that such higher
prevalence in thrushes was partially caused by different
detection methods (blood vs bird tick tests), but it must be
clearly related with the high tick infestation rate due to their
ground-dwelling habits of Turdidae birds (3). Therefore, we
may suggest that Turdidae plays a role as carriers of a tick-
borne disease caused by 4. phagocytophilum.

In this study, all of infected White's, Japanese, and Pale
Thrushes were on their northward migration from their win-
tering grounds to Jeju, while no bird on southward migration
was infected. This clear contrast between two seasons indi-
cates that the tick-borne disease is more prevalent in the win-
tering grounds of thrushes in lower latitude than in breeding
grounds in Jeju and the mainland Korea. As typical migra-
tory birds in Mara island as well as Jeju, most of Turdidae
birds pass through Mara island, Jeju island, and move to the
northern breeding grounds like Korea, China, and Russia in
spring (14), suggesting the influx of A. phagocytophilum into
the mainland Korea as well as Jeju Island by migratory Tur-
didae.

The northward expansion of tick-borne diseases is recently
one of special interests in terms of the effect of global climate
change on public and animal health concerns (3). This study

tropics and subtropics (such as Southeast Asia and Southern
China), in the influx or transmission of tick-borne pathogens
(A. phagocytophilum), though the detailed process and robust
effect of the role are still unknown. Although we only inves-
tigated Turdidae in this study, we are able to suggest that
other migratory birds may be reservoirs and carriers of any
type of tick-borne diseases. In the future, combined and com-
prehensive surveillances on pathogens, vectors, and migratory
hosts are recommended rather than separate studies confined
to a specific group of interest.

Conclusion

We identified that seven out of 40 thrushes were infected
by A. phagocytophilum in Jeju island in the Republic of Korea.
This result indicates that the family Turdidae, common and
abundant migratory birds passing through Jeju, may cause
the influx of A. phagocytophilum into the mainland Korea as
well as Jeju island during their northward migration.
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