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Blood—sucking Arthropod Borne Diseases

in Thrushes (Family Turdidae) in Jeju

MiRae Oh

(Supervised by professor YoungMin Yun)

Department of Veterinary Medicine,

Graduate School, Jeju National University
Abstract

Anaplasmosis and Ehrlichiosis are rickettsial zoonosis carried by the
blood—sucking arthropod such as ticks, louse flies, and mosquitoes etc.
Haemoproteus spp., Leucocytozoon spp. and Plasmodium spp. are carried
by mosquitoes and louse flies, and They are parasitic bacteria in cells,
which invades blood cells or tissues of poultry or wild birds and a cause
of avian malaria. A migratory bird is a host of a various of the
blood—sucking arthropod. The infection rates of thrushes in Jeju are
high, which is carried by the blood—sucking arthropod such as ticks. So
this study is supposed to research the infection rates of thrushes
diseases carried by blood—sucking arthropod in Jeju and identify which
species cause the diseases. Also, [ finds out the difference of the
infection rates between individuals moving northward in spring and
others moving southward in fall and winter.

The sample i1s based on 116 samples captured on Mara—Island and



14 ones from Jeju Wildlife Rescue Center. Of the total 130 blood
samples, 76 samples are from the spring season, 54 samples are from
the fall and winter season.

The result of the study is that all the individuals (2 Japanese
thrushes, 1 white's thrush, 4 pale thrushes) are infected with Anaplasma
Phagocytophilum, and a pale thrush are infected with FEhrlichia
chaffensis. the infection rate of Anaplasma/Ehrlichia spp. is 6.2%
(8/130), which is an individual moving northward in spring. In case of
Haemoproteus/Leucocytozoon/Plasmodium spp., 41 individuals (2 Grey
—backed thrushes, 5 white's thrushes, 3 Eye—browed thrushes, 2
Brown—headed thrushes, 2 Siberian thrushes, 27 pale thrushes) are
infected, and the infection rate is 31.5% (41/130). In this case, there is
little difference between individuals in northward migrant (31.6%) and
southward migrant (31.5%).

These result suggests that many of thrushes dropping by Jeju spread
diseases by the blood—sucking arthropod, and they might be carriers of
other migratory birds' diseases, so it is needed to monitor whether the
transmission to a migratory bird, a resident bird, or domestic animal or

not.

Key words: Turdidae, Blood—sucking arthropod borne diseases, Ticks,

Louse flies, Jeju
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IR TS vpol A, Ay, AFA IFTEAY S5 FEE F A v
NA o) 2} Batatolw [4], ZFFel 7|88t F3A AAsE XK EY], ol 5)
A Z4F Ao Fash wizhAlelth A A
71 wiEel W Al AA oyt FEA AATE 2 10| Wik 4
S Ayst = Qe JheAol AuH17, 22]. ZRAAA gd FdA AAFE
iz AGd Ay FolA  RA=Tle] g8 vwiZlE+= Anaplasmosis@}

Ehrlichiosis[2, 10, 131, 27|y olgtg] Sof Q& wi/l¥s Haemoproteus

1

/Leucocytozoon/Plasmodium spp.[2, 6] s°] St}

Anaplasmosis % Ehrlichiosis® &84 AX|%E2 AE=7] Fo & w7y
He dFdEAadgy oz, AXEY 7]A8A A+ (obligate intracellular tick-
borne bacterium) 8.2 L&A Anaplasma, Ehrilichia < A+l 23] Ay},
Anaplasma %<2 A. phagocytophilum, A. bovis, A. centrale, A. marginale,
A. ovis, A. platys 2 679 Fox FEIHYI[8], Ehrlichia &< 3719
genogroup .= (E. canis group, E. phagocytophila group, E. sennetsu
group) TwHT[5, 25].

Haemoproteus/Leucocytozoon/Plasmodium spp.2 %= E7], o|13g] o
ofsf wiZRE ™ W Jhmolyh oA ERFE A W FAAE Yo HdsteE AE
u 71874 Aoz 27 depg ot dIAelt 6, 9]. Haemoproteus <ol
7ha B ofA HlEV]ol V1St AAAA o ®

T= ofAl HWEIVL ol Hulo| EBXS = A meleagridis §°) AT

X3 H columbae, 7+

o

Leucocytozoon = T2 &, 28], 7IEFlA WdE& dOo7|= L. sambon,
L. caulleryi, L. simondi 5°| QAt. Plasmodium %= 7hUg]otE ¥3sksk 2
M Eoll MBS = P cathemerium, BE7], 28o] Wo] A3t 53] H|E7]9

WAl P relictum 5°) T}H[2].



Awk7] 2 (Family Turdidae) = A% (Order Passeriformes) el £3dt= =
FEA o5 FE B3I A B4 £ dekstr] g fEvEtE AA
7he dIdiAfel Ay el sdolAlol, AR T HE O R FE Ztole et
oA MAEa 7FEolE thA] gEF o7 o]%dle thE Al olE A o|tH[1].

o HNE ZFo A AwA H (Family Turdidae) ZHF+= FE AAoA ol
£ Toke FA4 wiEel uE A vE A=Y 5 SRS
el ot fFrHelM = hEH A W] (Blackbirds, Turdus merula) 7k X1
718 F9% 55 2gska lgol BalA nH10]. IE=7E Fue HAaA
"k, =dle]l g AFATe] wEw, HAjelA A =7

Haematophysalis flava2lX Anaplasma % Ehrlichia spp.7} %1,

N
N

Jedgo] o

= AT

d

=

Iy

Ixodes spp. 2 H longicornis®%¥ A. phagocytophilum, A. bovis, A.
centrale, A. platys, E. chaffeensis, Borrelia spp. Z12]3l Batronella spp.7}
AZ9 vk QloH[16, 20].  wlFelA = AwA ] dFEQJ American robin
(Turdus migratorius) N\ Haemoproteus/Leucocytozoon/Plasmodium  spp.
o] A=HPom[18], 2wn|E FFM Haemoproteus/Leucocytozoon/
Plasmodium spp.©] AT [14]. dEN = A2 7] (White—cheeked
starling, Sturnus cineraceus) T-%-2l7MF (Large—billed crow, Corvus
macrorhynchos) “so\X Haemoproteus/Leucocytozoon/Plasmodium spp.©]
FRAFAT19]. ol st AMIES o =77 efst FIAAFES 5724
AA #Agetr] wel B HdAEy dAsA daEe] As= yERT, o]
d AAEel A AX FEYEAAsE "ol AW
AAbel ok sdfell A e At Rl #AHE SRTIEE gig
AT7F e, ol 2FE e E g | AF IS A S
RIS

kA 2 AeM s dA JIA T FEEAEsE Wl AR A9 74
o] & Al®E FAHHE AW el d&iA, 53 7teH AFE 9 vt}

T2E EysteE AE uoewr g 2 Anaplasma/Ehrlichia spp. %

off
X,

gh
tlo

Haemoproteus/Leucocytozoon/Plasmodium spp.2] HAAF-E ZAFSHA T



—

1. dds= 2 AE

A= 20119 11978 20149 11€704 =3 7k A o] &A17]l wt
gol A g3 w7 11670A9 AlFdisty o8 =2 4E (Jeju
Wildlife Rescue Center)ell F-ZEAW Awh7] 7} = T 13070A=
g o= stk (Table 1). AWk 272 L322 A2 FHTH3] A543
o FHAAEALRY Efs o] mitolX o, x2E A= WY
2 A5, Y AR AF olF Aol vz H
A Fxd ALY G Aol Ad Suields AF sk s T
EDTAZF Aele FrHel A A7bA Basiqit.

4
N
==
2

HAAE &Rlstr] fallA, ddeA APASE Egfolte] dAe ©F, v
< ST olF HAAL N FHRTE 1:99 HERE FAste] 1A F<t
9 xR B8k u] A (Olympus Optical Co., Tokyo,

=
97 Eo NATY PAAS BRHA

DNA F=2 X7 238 5uls& DNeasy Blood & Tissue Kit (QIAGEN,
Hilden, Germany)Z& A}E3to] %3929, NanoVue F33%4 (GE
Healthcare, Wisconsin, USA)E o]g&3slo] =58 DNAC HF F=& 100

ng/ut AFIE HEE 2t



Figure 1. Setting of mist net(A), Wild—caught bird(B), Ring banding(C)
and Blood sampling from wing vein (D)



Table 1. Species of Thrushes used in this study

Northward migrant

Southward and winter migrant

Species Total
Wild—caught Rescued Wild—caught Rescued

Brown—headed Thrush(7urdus chrysolaus) 2 0 1 1 4
Dusky Trush(7urdus eunomus) 1 0 0 0 1
Eyve—browed Thrush(7urdus obsurus) 7 0 4 0 11
Grey—backed Thrush(7urdus hortulorum) 7 0 2 0 9
Japanese Thrush(7urdus cardis) U, 1 4 0 16
Naumann's Thrush(7urdus naumanni) 2 0 0 0 2
Pale Thrush(7urdus pallidus) 30 0 30 7 67
Siberian Thrush(Zoothera sibirica) 4 0 0 0 4
White's Thrush(Zoothera aurea) 9 2 2 3 16

73 3 43 11 130

Total
76 54 130




4. PCR

A} 252 galo|a FE3 DNAONAN Anaplasma/Ehrlichia spp. T+
Haemoproteus/Leucocytozoon/Plasmodium spp. WA 74 &S ¢ st
o] Z}7} 16S rRNAS} cytochrome b geneg H %35l E9] primer sets= 9|
&3to] PCRS AA8Hth PCRel AF8-€ primer$t PCR 22 3ol AlA5H3A
T (Table 2). 2X TOP simple TM DyeMIX (aliquot)-nTaq Kit
(Enzynomics, Daejeon, Korea)E A}E3te] TaKaRa PCR Thermal Cycler
Dice (Takara Bio, Kusatsu, Japan) 2 5°] Fd&E5 %33t PCR AtE &
1.5% agarose gel°l4] 100 bp DNA ladder marker (Enzynomics, Daejeon,
Korea) &} &7 #7]9dE3sto] &elstgich.

Anaplasma/Ehrlichia spp.= 1%} PCRollA] kAol &elxdl -9, PCR whgoH
S EHTE 208 3AEe] A, phagocytophilum 16S rRNAe] Eo]ZA¢
EE3F-EE4R primer set (EE primer) &2 22} nested PCRS A A3} t}

—

¢

Haemoproteus/Plasmodium/Leucocytozoon spp.© 1x} PCReA <FAido] &
A= UAARE kst 9, 14 PCR W34S F/7FE 200 3)4ste] HAEMF-

HAEMR primer set® 22} PCRE A A&t}

S|

5. @71M<E &4

e

PCR A¥oA o=z ¥ Anaplasma/Ehrlichia  spp.

U}

Haemoproteus/Leucocytozoon/Plasmodium spp.2] PCR A& 714
A& 9F3th(Solgent, Daejeon, Korea). MEGA 5.1 (Molecular
Evolutionary Genetics Analysis, Tamura K ef al) TZ1#8S o] gsto] #
A A7 EES AR e, National Center for Biotechnology
Information (NCBI) Gen bank W Blast #4& &3t FAF @714<LS 7}
A AJAE gt =3k 74 AlA B V1M LES ClustalWE ©]-&3f
o] FARSE £ A7 E¥  alignmentE AAEFE W neighbor-joining

analysisE AF43}9] phylogenetic treeZ A2} 3F3AT)



Table 2. PCR primer sets and reaction conditions used in this study

PCR condition

Species and . Oligonucleotide sequences Product
target gene Primer (-3’ ) size (bp) ] ] ] References
Denaturation Annealing Extension Cycles
Anaplasma/ AE1F AAGCTTAACACATGCAAGTCGAA N
Ehrlichia spp. 1,406 94C/30s 591C/30s 727/30s 35 9009
165 rRNA AE1-R AGTCACTGACCCAACCTTAAATG
A. EE3F GTCGAACGGATTATTCTTTATAGCTTGC
phagocytophilum 926 947T/30s 56C/30s 727T/45s 30 B2?O?§g6ef
165 rRNA EE4R  CCCTTCCGTTAAGAAGGATCTAATCTCC '
HAEMNF CATATATTAAGAGAATTATGGAG
551 947T/30s 501C/30s 727C/45s 35
Cytochrome 5 HAEMR  GCATTATCTGGATGTGATAATGGT
gene of the avian Hellgren et
Plasmodium al. 2004
parasite HAEMF ATGGTGCTTTCGATATATGCATG
525 947C/30s 50C/30s 727C/45s 35

HAEMR GCATTATCTGGATGTGATAATGGT




1. Anaplasma/Ehrlichia spp.

(1) Jed |

e
o

golwu A Eglol= F RN Anpaplasma/Ehrlichia spp. ¥4 0.2
A 22 e s Fedu]d 1,0008] &0l AR, mlet e
oA Fdlwwk A Wl AP PN HIF7t SFEHAY GAo] zH

ot Anaplasma/Ehrlichia spp.2 ¥+ FAE AT + A%

ot
ol

i
N

(2) PCR= &% 44 g

AA 13070A1 AwA 2 27 FoA 8/WAV7V Anaplasma/Ehrilichia spp.
S-S yErllon, A phagocytophilum 3 &R1E $18+9] nested PCR=
ANE Ay, 7R GAR) 7 FA o R slE At (Figure 2). Anaplasma/
Ehriichia spp. #9E2 6.2%%2 YEstew, #4dd MAs 25 wd Hdst
© WA (Table 3). 874l A=A+ Japanese thrush, 7urdus cardis)
270A, S A WA (White's thrush, Zoothera aurea) 171A), 3 ujx] w7 (Pale
thrush, 7urdus pallidus) 57/WA St (Table 4).

[o

(8) Anaplasma/Ehrlichia spp. 16s TRNAS G714 E 4

ol ¥ & UiAle 97IMLE E4s S8lAM E chaffeensis2 2
Attt F 7TAAL AwkA A HEH A. Phagocytophilum® 71442 7}
7} 926bp, 17018 AwkAolX HEF E. chaffeensis® 971442 1,328bp
2 AT o] F 2013-149 MAARANAN FA" A, Phagocytophilum?®)



AL U9 2227 (Haemaphysalis longicornis) o4 8] ¥ A.
Phagocytophilum® 4714 ¥ 99.5%°] FAHI-& dERWlon], 040-14475 74
A BoA FQE E chaffeensis 971K GL AE O Haemaphysalis & FE
71l &R1E  E. chaffeensis® D71 E¥ 98.6%2 FAMES UER
(Figure 3).

050 050 040 040 040 D40
Marker 140 12878 12132 1M37 126094 12822 12826 050 040 040

Marker 12146 14410 14475

1500bp L 15-1406bp
~826bp

(A) B
Figure 2. Electophoresis analysis of DNAs amplified by PCR targeted
16s rRNA of Anaplasma/Ehrlichia spp. on 1.5% agarose gel. Result of
nested PCR with primer set EE3F—EE4R(A). The seven samples are
infected with A. phagocytophilum. Result of PCR with primer set
AE1F—AE1R(B). one sample is infected with E. chaffeensis.



Table 3. Prevalence of Anaplasma/Ehrilichia spp. infection in Thrushes

.. Species
PCR positive P
Samples

(16s rRNA)

A. phagocytophilum E. chaffeensis

Northward Migrant 8/76(10.5%)
Thrush

7/76(9.2%)

Southward Migrant 0/54(0%) 0/54(0%)
Total 8/130(6.2%) 7/130(5.4%) 1/130(0.8%)

Table 4. Bird Species of infected with Anaplasma/Ehrlichia spp.

JapaneseThrush White's Thrush

Pale Thrush  Total
A. phagocytophilum 2 1 4 7
E. chaffeensis 0 0 1 1
Total 2 1 5 8




050-12878
2013149
040-12837
16]L A. phagocytophilum. GU046565 Korea
A. platys AF5365828 Japan
981 E. platys AF156784 China
A. phagocytophilum GUS56621 Korea
A. phagocytophilum AY527213 Sweden
A. phagocytophilum AY969012 Japan
A. bovis GU556626 Korea
A. phagocytophilum AB196721 Japan
701 A. marginale DQ341370 China
A. marginale FJ226454 Japan
51 A. centrale AF318944 Netherlands
A. centrale AF414869 South Africa
A. ovis EF587237 China
95LA. ovis AY262124 China
99 E. muns NR 121714 japan
| E. munis AB196302 Japan

E. canis M73226 USA
75 — 04014475
35| L E. chaffeensis AY309969 japan

E. ruminantium DQ482915 South Africa

E. ewingii AY093441 USA
E. chaffeensis NR 074500 USA
E. chaffeensis U86665 USA
44| E. chaffeensis AF147752 China

E. chaffeensis AF497581 Thailand
3?; E. chaffeensis DQ402484 Korea

Ricketltsia nckettsii 165 nbosomal RNA.

49

1

9

32

0.01

Figure 3. Phylogenetic tree of partial 16s rRNA gene sequences of various
Anaplasma/Ehrlichia species and PCR-amplified 16s rRNA products from
trushes. Phylograms were generated by neighbor-joining method with distance
matrix calculation by Kimura s two parameters, operated by MEGA software
version 5.10. Scale bar indicates the number of mutations per sequence
position. The numbers at the nodes represent the percentage of 1000 bootstrap
resamplings.



2. Haemoproteus/Leucocytozoon/Plasmodium spp.

(1) I8 a2

&% primergs ©]g3 PCR A, SOz " A FodofA

F 487 U AxEA
ok&l Aot (Figure 4).

Haemoproteus spp.2} Plasmodium spp.< #2353

o ZAFOH, BeFolu} 7= HE ZelabT 9O HA]

Lo

(2) PCRS T3 HAA g

AA 13070419 AwA 3 Z5F FolA 41MA(31.5%) 7y Haemoproteus/
Leucocytozoon/Plasmodium spp. ¥4 0.2 UEyton o4 W=+ 500bp &
oA &elE et (Figure 5). 77999 /A= = A w7 (Grey—backed thrush,
Turdus hortulorum) 2734, =X w7] (White's thrush, Zoothera aurea) 5
MA, SAF=HE>w A w7 (Eye—browed thrush, 7wurdus obscurus) 3704,
28 A w7 (Brown—headed thrush, Turdus chrysolaus) 27WA), 3% ] w7
(Siberian thrush, Zoothera sibirica) 270A), @AWl X| w7 (Pale thrush, 7Zurdus
pallidus) 277\ 2 el tH(Table 9). A9 ES w4 545k 714 31.6%,
7he - A=E Fekehs JIAl 31.5% % HAdES] SHES Aol gllth(Table 8).

(3) Haemoproteus/Leucocytozoon/Plasmodium spp. cytochrome b

gene F7|4<E 24

Fgor ¥ PCR AL @7IAMLS F3otol 8701A7F Haemoproteus
spp., b/WA7} Leucocytozoon spp., 28 WA 7} Plasmodium spp.2.2 &%
ot F 410ANA HEY Haemoproteus/Leucocytozoon/Plasmodium spp.2)
Q7ML 3970 A ellA 551bp, 270AelA 525bpe] cytochrome b gene 971
Aqdz gyt o] F Haemoproteus spp.= S87|A A Felstg on A7)

A 374 FEel®E vErsth(Table 5). Leucocytozoon spp.i= S7A| oA &



st o, AVILL 274 FElE YEl% Y} (Table 6). Plasmodium spp.=
287 Aol A FRlstalor, AVINEE 37HA FHE YERstH(Table 7).
Haemoproteus spp. 79 040—12195, 2014—188 7§A] A|829 d7|Mdg H
Ao, Zb2b frdel At s4 &A1 (Blackbird, 7urdus merula) £ &=heHAl
(Pied flycatcher, Ficedula hypoleuca)® dXoA E&|¥ Haemoproteus %
7 99.3%% FAHEES YEMNAY. Leucocytozoon spp. 29 040—15491,
050—12146 7RAl Al52 Q7ML #A A vE =/ oA #sh
Leucocytozoon &2 {71443 22 97.8%, 97%2 FAHEES YEeERY ST
Plasmodium spp. 7+ 040—14423, 040—14447 WA A 52 G7|Ad BA

ol 1 American robin(7urdus migratorius) @ 7L ZFo] ddoAx =

Plasmodium %2 9714243 242} 97%, 99.3%2 +AHS yeErW ot (Figure
6).
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Figure 4. Results of Microscopic observation. Haemoproteus sp. from the

blood of the white’ s thrush(2014—-188) (A,B), Plasmodium sp. from the
blood of the pale thrush(040—15466) (C,D). scale bar:10mm

Marker H L P =

500bp BN

Figure 5. Electophoresis analysis of DNAs amplified by PCR targeted
cytochrome b genes of Haemoproteus/Leucocytozoon/Plasmodium spp. on
1.5% agarose gel. The infected sample fragment is 551bp.



Table 5. Sequence alignments of Haemoproteus cytochrome b genes

111111222233 3333333 44445555555
3557911455 80247022222%5¢618124712 44455

1 23 450123101123 2550401234518%7 15563978901

CATATGTAAAATATATGTTTTTTTTAATATCTOGTTCAATGZC

ID No.

040—-12195
040-12259
040—-15499
040—-15427
040—-14482
040—-14475
040—-14470

2014—-188




Table 6. Sequence alignments of Leucocytozoon cytochrome b genes
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Table 7. Sequence alignments of Plasmodium cytochrome b genes

ID No.

040—-14423
040—-12143
040-12167
040—-12263
050—-12145
040-12181
2013-516
2013-540
050—-07148
050—-12183
040—-14479
040—-14487
040—-14429
040—-14445
040—-15406
040—-14448
040—-14496
040—-15410
040—-15466
040—-14488
040—-14418
040—-14433
040—-14461
040—-15469
040—-15495
040—-12822
040-12837
040—14447
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ID No.

040—-14423
040-12143
040—-12167
040—-12263
050—-12145
040-12181
2013-516
2013-540
050—-07148
050—-12183
040—-14479
040—-14487
040—-14429
040—-14445
040—-15406
040—-14448
040—-14496
040-15410
040—-15466
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§1— Plasmodium sp. EU810633 Cameroon
171 Plasmodium sp. JX458330 Spain

9 Piasmodium sp. AB477124 Japan:Tokyo
100 | Plasmodium sp. JF411406 Turkey
040-12822

040-14423
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Figure 6. Phylogenetic tree of partial gene sequences of various Haemoproteus/
Leucocytozoon/Plasmodium species and PCR-amplified cytochrome b gene
sequences of various Haemoproteus/Leucocytozoon/Plasmodium species from
Thrushes. Phylograms were generated by neighbor-joining method with distance
matrix calculation by Kimura’ s two parameters, operated by MEGA software
version 5.10. Scale bar indicates the number of mutations per sequence

position. The numbers at the nodes represent the percentage of 1000 bootstrap
resamplings.



Table 8. Prevalence of Haemoproteus/Leucocytozoon/Plasmodium spp. infection in Thrushes

PCR positive Species
Samples
(cytochrome b gene) Haemoproteus spp. Leucocytozoon spp. Plasmodium spp.
Northward Migrant 24/76(31.6%) 6/76(7.9%) 5/76(6.6%) 13/76(17.1%)
Thrush
Southward Migrant 17/54(31.5%) 2/54(3.7%) 0/54 (0%) 15/54(27.8%)
Total 41/130(31.5%) 8/130(6.2%) 5/130(3.8%) 28/130(21.5%)

Table 9. Bird Species of infected with Haemoproteus/Leucocytozoon/Plasmodium spp.

Thrush Species Haemoproteus spp. Leucocytozoon spp. Plasmodium spp. Total
Grey—backed Thrush 0 0 2 2
White's Thrush 1 1 3 5
Eye—browed Thrush 2 1 0 3
Brown—headed Thrush 0 1 1 2
Siberian Thrush 1 0 1 2
Pale Thrush 4 2 21 27
Total 8 5 28 41
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