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ABSTRACT

Diagnosis of Canine Vecter-borne Diseases using

commercial rapid detection kit

Sang un Jung

(supervised by Professor YoungMin Yun)

Department of Veterinary Medicine

Graduate School, Jeju National University, Jeju, Korea

Vector-borne diseases are caused by viruses, bacteria, protozoa, and parasites
that are transmitted by arthropods such as mosquitoes, ticks, fleas and the like.
This causes clinically significant diseases such as heartworm disease through
mosquitoes and anaplasmosis ehrlichiosis, Lyme borreliosis, babesiosis through
ticks. Globally, the incidence of vector-borne disease is also affected by
accelerated global warming, increased temperature and precipitation, increased
arthropod survival rate, laying rate, activity rate and increased arthropod
populations. This vector-borne disease has confirmed that the rate of incidence
has not been well researched in Korea, especially in Jeju Island. In this study,
[’ ve investigated prevalence of vector-borne diseases in dogs and estimate the
sensitivity and specificity of the new developed Cani-V4 Ab test kit(BioNote).

In total 281 dogs(stray dogs; 205, patient dogs; 76), blood samples were
collected from jugular vein from August 2018 to March 2019. The blood samples



were performed with general blood test (CBC), blood smear test, acute phase
reaction protein (CRP), and Bionote cani-v4 kit. The genes were isolated and
the real time PCR was performed together.

In 281 blood samples, only positive of babesia, heartworm, anaplasma, borellia
and ehrlichia are 81(28.8%), 41(14.6%), 4(1.4%), 0, 0, respectively. Coinfected
dogs of babesia and heartworm, babesia and anaplasma, babesia and borellia,
babesia and ehrlichia, babesia and anaplasma and ehrlichia, babesia and
anaplasma and borellia and ehrlichia are 11(3.9%), 22(7.8%), 2(0.7%), 1(0.35%),
1(0.35%), 1(0.35%), respectively. The sensitivity and specificity of Anigen rapid
anaplasma Ab test kit are 60.0% and 77.6%. The sensitivity and specificity of
Anigen rapid ehrlichia Ab test kit are 15.4% and 100%. The results of antibody
and antigen test were inconsistent. Concomitant testing of antibodies and

antigens may be necessary in clinical practice.

Key words. Heartworm, Anaplasmosis, Ehrlichiosis, Borreliosis,, antibody test Kit,
dog, Jeju
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A AR Awe =), AEr], WEY 2o AAEE A FEo
oJalA wlold 2, AE, 9% 2 JAF gdow BART AolA g v
AA AP AWow wmrlo o|F AANE AEsld] 7 u Aol 7dE

ohutEEtzrt AAT, JEE7Ior AT, Hdgor AASTEIE) o] Atk

A7 AdZ(Heartworm  disease)e] AAA RN Dirofiaria immitiss 29, °F4d
2 A AolA Br]e oA dAuEH= Ay 7|A8F AW oltkSoulsby EIL,
1982). ol A& 19621 d FA S ZAA Hz2 21.0% FEEo] BiE o
g o], 1962), 2003 w4 23.6%([Lim et al 2003), 20073 FFolA
12.4%Koh et al, 2007), 2010 4kolAl 7.2%Park, 2010), 20163 A5l A
17.9%(8}, 2016) A9 &< R vf Ut

AEAES S ddSEe ZAE LT A disid dh5o B
| Al AR Z(microfilaria) AAMES EsiA F=2 A
sHAIRE, ZHAE E7)o] FEHI 5-671€ o]lFo T ITHFET]e] Jhsdtth
WA AR Badel A 4 #HEde]l S wAste AfNA WA 5=
o FAIXAE dSolAe &F #HeHo] o] FHst= AANY FH77F ¥
A E Frtstal, AzxE9 AAA #HsH, AdSR 4, SNy A
< AUt IAFE = ot A AF F7F AN Hed wHRefo EX)
OS2 A5 EAE gt "ok
So mzt A Fdol o3 ZHe S3E, #
tholl 98k Py} =7HP pulmonale) A7 KO
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Ae TFHLE odes spp. IE7]e] o8 A==, sWdAAes 243
© 7\(Haemaphysalis longicolni97} & ZA9psta A-g uf 7/} gohEl, 1997). =)
Mehes AHE er] 4F 2 A5l LA 5t F5E JFeE7A o
w3l QltiHeo et al 2002; Lee et al, 2016).

7N viEl Ao} S J=r] wizl FELAF s TS AW oerA B
gibsoni, B. canis supsp. canis, B. canis supsp. vogell, B. canis supsp. rossi, B.
microti, B equi, B conradae, 1811l B vitali7} 1 YAA R IdHA Jdo}
(Boozer and Macintire, 2003), A= EF7} B gobsoni ©|th.

ohvfZgtznt AESS FIEA HAATESR] 7], oy, B7] Fol wE
= I EAGH o2, anaplasmataceaeto] £k Ao MEY 7| JE=7]
uj7)  Al+(obligate intracellular tick-borne bacterium)el] 93] A HT}
Anaplasmataceae¥}+= Ehrlichia, Anaplasma, Neorickettsia, WolbachiaZ % 47§ 2|
&0 =2 UFolA| 1, Anaplasma <& A. phagocytophilum, A. bovis, A. centrale,
A. marginale, A. ovis, A. platys 52 619 Fo=2 FERIAGDumler ef al
2001). /Mol A= A phagocytophilum= A. platys7t Z_AS 7MW 18 243F
o gAA| ol Alolth. APBAR] 72U &, & AE G4, 2, AAF{ o9
SN, Yol A T o8 FE ZAEEH= AR ¢EA AtDumler ef 4]
2001). Anaplasma phagocytophilume 7§ I}ZPA LR34 ol }pZetznt 7HE 39
YAol Hau(Greig et al, 1996) A. phagocytophilume ArEolA APFA olZE
g} =ulE(Human granulocytic anaplasmosis, HGA)S] HUJAZ= IHA Aot
(Chen et al, 1994).

ANy 7)ot FAZFE RNy wiyy AWOR  Rhpicephalus  sanguineus,

%

Dermacentor variabilis Z18]3 @Rl [xodes HE=717F wiNAZR, HJdA=
Ehriichia canis, E. chaffeensis, E. ewingiiol™, 1% 432 A Aol Ao
2, M9 @3, FhF, a8 4ol ZAST E chaffeensis= Arge] &
AMTA oS 7o} 7+ Z(Human monocytic ehrlichosis, HME)] 4 ¢1o]tHOlano
and Walker, 2002). Bzl s, EF, Z8H, FHYUF Fo] Fo5F2 48 A
At



HAlgol AHEFE A=y f#8 YA HE Borrelia burgdorferi complexol 2] g
7+ o 2 A S K Breitschwerdt ef al 1996). AF& 2 =7]7F vl Aoy, &~
% Ixodes%(I scapularis, I pacificus)©] °©] YA#S AgA7IH =77 Ha
50X HEFsoF 3yt o] Fo U thH(Petzke and Schwartz, 2015). =ujoll A 1993
W =725 H Lyme borreliosis HYA7F A5 E2E AW, B burgdorferi=
Aol A Y (Lyme disease)S et ME XS EF JU THFE T
AAI717] wFoll AlFEEAE HYFoZ 2010 12¢€ A4T HAZGHo=
A AEAHSul and Kim, 2017). 20063 Borrelia burgdorferi WAlo] A & o]
9-12F3 o] AFE = A3 2-4F AT 23] HFOR2 AWyt WA
g AAdS 1] =E9 fPol H& RNt ¥WAS 1Esta Ut
(Littman et a/, 2006).

N wrE Ao, opubEetzn), o &7l R ol EFe WY, 45, A
AAA 27, dA=d AL, ELISA Antibody kit AAL, < 2 Y Ayslstz A
A}, B2 B8 X ey (Polymerase chain reaction, PCR), 7H4 ¥ < &3

immunofluorescence assay, IFA) 5o.2 XT3t}

2+ AT 2018 84 2019 3¢ Abe]l AlF=W B Wl vk 83F

AFA F715E B3AH J43 F714 198F F 28175 o2 st
Be Adstr] fsiA ulo] Qi EALY 4% XE7]E(Cani V-4

kit)e} 7§ npulAlo} AR 7] E(Anigen rapid Babesia Ab test kit)S Al-&-3}o]

WAA Ay A

AN, v Aol ohEekzr), dEeslcl, nadeel FaFel te 24
£ ZASRAOM, 44 QFeIA g7 S8 AR ANEES, FEAF] A

85 IFA s wlastel gAAD AEo HAEGensitivit)sh Sl
(specificity)2 H7}st A o



. A= % W9

1 3s=
2 A2 2018 d 8dFE 2019 3dAto]l AFAel AFEA FEE L W
AT 835k AFA F7lsE REAHo daT 7714 1985F, T 281FE i
SeEHd Wdste] x€d EDTA-3K &3l A

o2 St sgrIgtE
A 23t sne Hed FAL Y FEYLNA 247 AFugh PSR
of WE MY R APPEEe AFstm FEAYRYAUSZRE FUdo} 2

gstRn AWM ST 2018-004D).

2. N=AH
g2 g=v]H W (cephalic vein) =& A #W(ugular vein)= F3A 1.5 ml¥

AFAstA o, AFHE A GHAETALHCBO 2 AZARES, BhEl A of, oft

Zgtzu}, o &g 7)o aglar BHEg ol HALE 984 EDTA-3K &5 FH
o, 547 "N ACRP) ¥ WYY FIFAHIFA) SHS A dlad FE
of EF3F & 3000rpmell 1583 YAsty EAS EaEste] 4749 FERE 49

A7MA 4C BRHEASAT

3. EYHAL H Ef SHHA

EDTA-3K A #]gt ¥4 ADVIA 2120i (SIEMENS)S o] &3l A AA A
(complete blood cell count, CBCO)= AAlstth CBC AAMNA = Wida &
HEE= % #2 RBC (red blood cell), Hb (hemoglobin), HCT (hematocrit), MCV
(mean corpuscular volume), MCHC (mean corpuscular hemoglobin concentration)
o} dAF(Platelet) ' WBC (white blood cell) Z&]x W& ZFEA LS Z NE
(Neutrophil), LY (Lymphocyte), MO (Monocyte)$} EO (EosinophiDES =4 &} t}.

FA71HHs S A(C reactive protein(CRP))2 Vcheck canine CRP 2.0 kit
(BioNote, Inc, Korea)& At&3le]l 8% w52 =439 &4 5 W AAE

3

8494 mhol Y1 JES] TP 2Tolou) Aefe] =L wWrtx 33 s
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4. Zto] ¥4 - FA JNEZHA
One step canine Bionote cani V-4 test kit (BioNote, Inc, Korea)®} canine

Babesia Antibody test kit (BioNote, Inc, Korea)S Ab-&3le] AAAGE 5 &

A3} wpil Ao}, o Eetzrt, o Bevlol Telw BaAelcle] BF FA FTE
el e BASA AR TIE $E9e Yool PHSL A4 shEeA

il
ol
ot
gl‘,
K
Al
P
o,
I,
S
e
f
=2
ol

==t AE E9 AE 10 wE HAHs L &5
< "olmglan 18%F 20O AARAMS
53 olujel #5=3) cHFigure 1, Figure 2).
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Figur 1. Heartwrom antigen, Ehrlichia canis antibody, borellia antibody and
anaplasma antibody test kit (BioNote, Inc, Korea).

Figure 2. Cartrige for Canine Babesia antibody(BioNote, Inc, Korea).



5. [FA(Indirect immunofluorescence assay) 7 Ak

ofpZEtzrt AdEH eIl AEse AHUIIFIATHIFAI
MegaFLUO Ehrlichia canis test kit(Diagnostic MEGASCOR, AUSTRIA), MegaFLUO
Anaplasma ph test kit(Diagnostic MEGASCOR, AUSTRIA)S Al-&3le] =431t}
A= s He 72 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256 0.2 wjg3ste] 2t
zZke] ggol=e 20 n o AMEHEH)S Bomea, 37ColA 303 dd 34
t}. o]& 7z} &£efol=E AFH3I & FLUO FITC anti-dog IgG conjugate 1 &<
Har, oAl 37CelA 30ET odd & AFs Z &gol=ol mounting
mediums 1%e "ol 33 A3 x400= S| =5 FRlstHA ofvE
giznel o £ 7ok =140 oA FF=do] AT ¢ FHo= BASA
=

6. Bionote cani V-4 kite] 917t=9} So)= Hr}

M= 7= 7 Bionote Rapid cani V-4 Test kit®] 7= (Sensitivity)2} Eo] =
(specificity) B7}+= IFA AAMFolA FAolHA J|E %A S 2 %A (true positive;
TP), [FA FAolHA 71E S4& 7Io-4(false negative; FN) 2.2 3F3Th  [FAS
AolHA 71E S4S 2SA(true negative; TN), IFA SAo]AA J|E kA
Rt 7l
E9°] oFA] o =<H(positive predictive value)= 71E Aoz 0 Az o
A [FA FABTP)H SAFP)CE ALMAL, 71E 4 <52 (negative
predictive value)= 71E 4202 A" Algo]| disiA [FA FAHEFEN)TL 4
(TN)o. &2 Al 4kst S tHFigure 3).

o

7FeFA(false positive; FP)Z dle] AT7|EQ HIZAEe} Eo|v =

ol

l
o

|4

-

t

O



IFA IFA

Positive Negative
Ab kit Positive predictive value
TP FP
Positive =(TPx100)/(TP+FP)
Ab kit Negative predictive value
FN TN
Negative =(TNx100)/(FN+TN)

Sensitivity (%) = | Specificity (%) =
(TPx100)/(TP+FN) | (TNx100)/FP+TN)

Figure 3. Sensitivity and Specificity of Bionote V-4 antibody test kit based on
IFA results.(TP; true positive, FP; false positive, FN; false negative, TN; true
negative)

A HAL A xEE SPSS A ZE 1¥(ver 22, SPSS Inc. IBM Corp, Chicago,
USA)2. 2 ANOVA #438ted Zk ¥ TAIA F948ES A S thp<0.05).
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L oyt daga
QASEE dEgdon g Al ZEA 81%, RS
Fob ohvpEetxrt AEd 4 F 9 44 115FE 2dste d9 WstE #<l
3t tH(Table 1). whHlAlo} G=2AAS thdozd Pzt CRPY H#
FA7F A S EH A2 RBC, HCT, MCHC, PLTS] H# X+ &% 3igg s
gkt ARASE dERgAdAe] YA A WBCS CRPO B
$AE B4 2REon, EOSE A45AE Byt ohhEezn dEgz
Al WBC, CRPE] At A= w74 45 0em, MCHC,
PLT7} &%3l28 1 gl en RBC, Hb, HCT, MCVE #4202 yehsth

Table 1. The CBC (complete blood cell count) & CRP (C reactive protein)
results of single infection by Heartworm, Babesia and Anaplasma in dogs
(n=241)

Heartworm Ag kitBabesia Ab kit Anaplasma Ab kit Negative Reference
Positive (n=41) Positive (n=81) Positive (n=4) (n=115) range

door 2323 + 945 1698 + 771 18084500 o 617
(109/L) 23+ 945 1698 + 7. 085, o _
Eosin

(0300 095+104 0524053  053+028 0594051 01-13

(1012/L) 650116  509+184  7.34+127 626169 5585

Hemoglobi )
n (g/dL) 12.53+£2.47 10.1£3.41 13.93+2.28  12.39+£3.44 12-18

g/f)matocm 41154760  33.1+10.87 47634592 40214987  37-55

MCV (fD) 63.77+£4.25 66.76+7.53 65.35+3.23  65.44+7.30  60-77

Igg/cdlig 30434145  3044+28.89  2020+3.04  30.60+4.53  32-36
Platelet 98293+ 144,

292.97+144.73 141.88+90.44 191.25+42.46 200-500
(109/L) %5

CRP(mg/L)  57.47%£43.19  60.38+49.22  62.53+12.50 44.13+41.42 10-20




FRGGeNA whal Aokt AAAGE FERAGA 11T, whelAotsl ohtEe
Zoh FRPAA 0FE hFOE FAUA A3E HASHATH Table 2). Hhul A
obst AHAGE FEREGANAS BAZA A CRP &% 453 RBC, HCT,
Hb, MCHC®] @44 4% sl ngich vhulAotsl oh}Zeizn} F187
97 @4ZAol A CRP, WBC 44¢ nglow Wds s 3552 REC
HCT, Hb, MCHC, PLT®] B#54] shghe S8 & U

r

Table 2. The CBC (complete blood cell count) & CRP (C reactive protein)
results of coinfection by Heartworm, Babesia and Anaplasma in dogs (n=146).

Babesia + Babesia + .

Heartworm kit  Anaplasma kit Negelltilve Reference

Positive (n=11)  Positive (n=20) (=115 range
WBC (109/L) 16.70 + 7.42 18.90+11.08 23.04 + 9.92 6-17
Eosin (103/ul) 0.55+0.47 0.31+036 0.59+0.51 0.1-1.3
RBC (1012/L) 547+2.44 3.41%+2.05 6.26+1.69 5.5-8.5
Hemoglobin _
(g/dL) 10.39+£3.99 6.81+4.35 12.39+3.44 12-18
Hematocrit (%) 34.41+12.16 22.42+13.41 40.21£9.87 37-55
MCV (fL) 65.80+7.92 75.82+10.20 65.44+7.30 60-77
MCHC (g/dL) 30.44+28.89 29.76+2.18 30.60+4.53 32-36

Platelet (109/L)  238.67+118.96  119.56+77.25  282.23+144.95 200-500
CRP(mg/L) 27.40+19.52 58.47+35.32 44.13+41.42 10-20

2. Bionote 4% 71E %} vpH| Ao} FAFNE

W YEE 28179 AZAMSS, vhElA o}, ohypEEt2ut, ol &g 7]ol ga B
gol ZdZd 3 238 AALE, Ho] Q- E 4% 7] E(BioNote, Inc., Korea)
2 uwp Ao} A 7] E(BioNote) & A&St  Dirofilaria immitis®] 3
Babesia gibsoni, Anaplasma phagocytophilum, A. platys, Ehriichia canisS} Borrell.

burgdorferid] A A ARE A Ay, AA FAELS 81FF 24 1155

o



(40.9%), A ES 57F(20.3%), wiHlAlob 1215(43.1%), ohuEek=rt 325
(11.4%), <& 71ot 250.7%), E& o} 55+(1.8%)7F &A= AtHTable 3).

Table 3. Seroprevalence of Dirofilaria immitis, Babesia gibsoni, Anaplasma
phagocytophilum, A. platys, Ehrlichia canis, and Borrelia burgdorferi investigated
by Bionote Rapid V-4 Test Kit and Babesia antibody kit of 281 dogs

Dog

Di A Bo Ab Ap Ab Ec Ab  Bb Ab  Negative
examined A8 g P ¢ gaty
The
number of 57 121 32 2 5 115
positive dog  (20.3%) (43.1%)  (114%  0.7%  (1.8%) (40.9%)
(%)

* Di Ag, Dirofilaria immitis antigen; Bg Ab, Babesia gibsoni: Ap Ab, Anaplasma phagocytophilum
antibody; Ec Ab, Ehrlichia canis antibody; Bb Ab, Borrelia burgdorferi antibody

AYAEE @A ES 9% A, ddsE 281F00A ARG 41F
(18.5%), wpel Ao} 815(28.8%), otut&Eet=nt 45(1.4%)0 AdES R o

Ed]7]otet HAllgjol G52 SQAH A eFgkth( Table 4).

Table 4. Single infection rate of Dirofilaria immitis, Babesia gibsoni, Anaplasma
phagocytophilum, A. platys, Ehrlichia canis, and Borrelia burgdorferi investigated
by Bionote Rapid V-4 Test Kit and Babesia antibody kit of 281 dogs

Dog examined Di Ag Bg Ab Ap Ab Ec Ab Bb Ab
The number of 41 81 4 0 0
positive dog(%) (18.5%) (28.8%) (1.4%) (0%) (0%)

* Di Ag, Dirofilaria immitis antigen; Bg Ab, Babesia gibsoni, Ap Ab, Anaplasma phagocytophilum
antibody; Ec Ab, Ehrlichia canis antibody; Bb Ab, Borrelia burgdorferi antibody

_’IO_



G5 F71A 19879 HdA 8375 EElstd AEES U A,

40(20.2%), vkl AloF 455(22.7%), obZet=nf 45
2.0%)°] ZFdES B Wl 83FollM= AZAMES 157(1.2%), HHElAloF
36F(43.4%)° FdEe HAoY oiyEEt=nt dEAde &9 HA FUH
(Table 5).

2
o
g

Table 5. Single infection rate of Dirofilaria immitis, Babesia gibsoni and
Anaplasma phagocytophilum, A. platys investigated by Bionote Rapid V-4 Test
Kit and Babesia antibody kit of Stray 198 dogs and Patient 83 dogs.

Di Bg Ap Ec Bb

Dog
. NE PR PR PR PR PR

examined NP NP NP NP NP

(%) (%) (%) (%) (%)

Stray
198 40 202 45 227 4 20 0 0O 0 0

dogs

Dt
auent o0 1 19 3 434 0 0 0 0 0 0

dogs

Total 281 41 185 81 288 4 14 0 0 0 0

* Di :Dirofilaria immitis ; Bg: Babesia gibsoni ; Ap: Anaplasma phagocytophilum ;
NE: No. of examined, NP: No. of positive, PR: Positive rate*p < 0.05;

AYZEE FELIE I AR=2E, AETE 281vtg FolA nhu A ope}
AAAES 11570@.9%), BielA ok} ofu-Eetzrt 205(7.1%), whuAlotel Bz
o} 15(0.4%), uhelAlotel oS 710} 1(0.4%), viHAlote}l ofpZat=nl L A%
A 45(1.4%), vHAoret olZetznt B wElg ol 25(0.7%), HbH]AloFe}
ofupEetzutel Bigop 9 AAMEE 17(0.4%), whdAlotel opvtEet=ule}
waEzglol 9 o &g 7)ol 1570.4%)2 ZIES RHtHTable 6).

_’I’I_



Table 6. Duplicate infection rate of Dirofilaria immitis, Babesia gibsorni,
Anaplasma phagocytophilum, A. platys, Ehrlichia canis, and Borrelia burgdorferi
investigated by Bionote Rapid V-4 Test Kit and Babesia antibody kit of 281
dogs

Bg Ab Bg Ab
Dog  Be Ab Be Ab Bg Ab Be Ab fg ’zé’ fg /Alg Ap Ab  Ap Ab
examined Di Ag Ap Ab Bb Ab Ec Ab DE’ \ BIZ L BbAb Bb AD
g Di Ag  Ec Ab
The
number of 11 20 1 1 4 2 1 1

positive  (3.9%) (7.1%) (0.4%) (0.4%) (1.4%) (0.7%) (0.4%) (0.4%)
dog (%)

* Di Ag, Dirofilaria immitis antigen; Bg Ab, Babesia gibsoni, Ap Ab, Anaplasma phagocytophilum
antibody; Ec Ab, Ehriichia canis antibody; Bb Ab, Borrelia burgdorferi antibody

%, W e 83FFNA ARAEE 657(7.2%), vhH| Ao} 585(69.9%), obv&
gtznk 175(20.5%), olE87]oF 17(1.2%), RHgo} 3FQ@.6%2 THES EA
o, #7134 198FNA = A S 515(25.8%), Hhdl Aot 635(31.8%), b=
gtzut 1557(7.6%), &8l 7ol 1570.5%), R& ol 257(1.0%) HHEES BAT
(Table 7).
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Table 7. Seroprevalence of dogs with Dirofilaria 1mmitis, Babesia gibsori,
Anaplasma phagocytophilium, A. platys, Ehrilichia canis and Borrelia burgdorferi
investigated by Bionote Rapid V-4 Test Kit and Babesia antibody kit of Stray
198 dogs and Patient 83 dogs.

Di Bg Ap Ec Bb

Dog
. NE PR PR PR PR PR

examined NP NP NP NP NP

(%) (%) (%) (%) (%)

Stray
198 51 258 63 318 15 76 1 05 2 10

dogs

Patient
auent g3 5 72 58 699 17 205 1 12 3 36

dogs

Total 281 57 203 121 431 32 114 2 07 5 18

* Di :Dirofilaria immitis ; Bg: Babesia gibsoni ; Ap: Anaplasma phagocytophilum . Ec: Ehrlichia
canis ; Bb: Borrelia burgdorferi ; NE: No. of examined, NP: No. of positive, PR: Positive rate*p <
0.05;

WEdE=e €8 daES AR 23, 20189 8¢ 49F oA AAAES 12F
(24.5%), wrElAloF 155(30.6%), obbEet=wt 65(12.2%), HA ol 25U1%E
Haaow, 20189 94 965FollA HGAES 255(26.0%) BEHl A oF 345(35.4%), ot
gzt 1057104% < BEHor, 2018d 10€ 115F0A AAAVES 255
(21.7%), BpelAloF 615(53.0%), otu-Eetzrt 115(9.6%), &2 7loF 15(0.9%),
HeElgol 17(0.9%)E Eom, 20183 11€ 1257 A npw Ao} 75(58.3%), ©fit
o2t 45(33.3%), dET 7o 1708.3%), EHg ot 257(16.7%F HJUoH,
2019\ 14¥ 3FollA wpul Ao} 157(33.3%), 2019'd 2¢€ 174wl Alofe}l ofi
Zotzxvl FEAES BYom, 20199 39 S5FolA ARAEE 157(20%), Bhd)

Ao} 27(40%)8] ZEES HAtHTable 8).
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Table 8. Seroprevalence of dogs with Dirofilaria 1mmitis, Babesia gibsori,
Anaplasma phagocytophilium, A. platys, Ehriichia canis and Borrelia burgdorferi
investigated by Bionote Rapid V-4 Test Kit and Babesia antibody kit of Monthly.

Di Bg Ap Ec Bb
NE PR PR PR PR PR
NP NP NP NP NP
Monthly (%) (%) (%) (%) (%)
2018.08 49 12 245 15 306 6 122 2 41
2018.09 96 19 198 34 354 10 104

2018.10 115 25 217 61 530 11 96 1 09 1 09

2018.11 12 7 583 4 333 1 83 2 167
2019.01 3 1 333

2019.02 1 1 100 1 100

2019.03 5 1 20 2 40

Total 281 57 203 121 431 32 114 2 07 5 18

* Di :Dirofilaria immitis ; Bg: Babesia gibsoni ; Ap: Anaplasma phagocytophilum . Ec: Ehrlichia
canis ; Bb: Borrelia burgdorferi ; NE: No. of examined, NP: No. of positive, PR: Positive rate*p <
0.05;

3. [FA AA}

358 28154 IFA ZAtel thd A3k(Figure 4,56, vhAlo} 2+
o] YA 83F% uhul Ao} 52F(62.7%), ohtZek=rl 135(15.7%), & 710} 1
F(1.2%)9) ZHEES BPon £ 198%F% Hhl Ao} 615(30.8%), ohtZet=
nh 227(11.1%), &8 7loF 170.5%)° HEES At F 281749 A&
& mhH Ao} 113%(40.2%), ohpEak=nl 355(12.5%), ol&l7]oF 25%( 0.7%=
gl =l th(Table 9).
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Table 9. Seroprevalence of Babesia gibsoni, Anaplasma phagocytophilum,
A. platys, Ehrlichia canis infection by IFA of Stray 198 dogs and Patient 83
dogs.

Bg Ap Ec
Dog
) NE PR PR PR
examined NP NP NP
(%) (%) (%)
Stray dogs 198 61 30.8 22 11.1 1 0.5
Patient
aten 83 52 62.7 13 15.7 1 12
dogs
Total 281 113 40.2 35 12.5 2 0.7

* Bg: Babesia gibsoni ; Ap: Anaplasma phagocytophilum ; Ec: Ehrlichia canis ;
NE: No. of examined, NP: No. of positive, PR: Positive rate*p < 0.05;

Figure 4. Positive results of immunofluorescence assay test according to

dilution factor for sample (3912). Anaplasma negative sample A: 1:2(x1), B:
1:4(xD), C: 1:8(xD), D: 1:16(x1), E: 1:32(x1), F: 1:64(x1), G: 1:128(x1), H: 1:256(x1)
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Figure 5. Positive results of immunofluorescence assay test according to
dilution factor for sample (20180814si). Anaplasma positive sample A: 1:2(x1), B:
1:4(x1), C: 1:8(xD), D: 1:16(x1), E: 1:32(xD), F: 1:64(x1), G: 1:128(x1), H: 1:256(x1)

Figure 6. Positive results of immunofluorescence assay test according to
dilution factor for sample (3997). Ehrlichia negative sample A: 1:2(x1), B: 1:4(x1),
C: 1:8(x1), D: 1:16(x1), E: 1:32(xD), F: 1:64(x1), G: 1:128(x1), H: 1:256(x1)
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Figure 7. Positive results of immunofluorescence assay test according to dilution
factor for sample (4692, 4435). Ehrlichia positive sample 4692 A: 1:32(x1), B:
1:64(x1), C: 1:128(x1), 4435 D: 1:32(x1), E: 1:64(x1), F: 1:128(x1)

4. Bionote cani V-4 kitollA] Anaplasma & Ehrlichia®] 91 =9} Eol% 7}

One step canine Anaplasma Ab test kit (BioNote, Inc, Republic of Korea)e] ©
7+ =(Sensitivity)+= (21x100)/(21+14)=60.0% =, E-o] =(Specificity)+= (38x100)/

(38+11D)=77.6%= e}t tHFigure 8).
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AB kit

IFA

Positive | Negative
Positive |  TP=21 FP=11 | 65.6% | Positive predictive V | 32
Negative| FN=14 TN=38 | 73.1% | Negative predictive V| 52
60.0% 77.6%
Sensitivity | Specificity
35 49

Figure 8. Sensitivity and specificity of canine anaplasma antibody test kit based

on IFA

One step canine Ehrlichia Ab test kit (BioNote, Inc, Republic of Korea)®] =TI
7 =(Sensitivity)= (2x100)/(2+11)=15.4% =, E©]=(Specificity)= (249x100)/(249+0)=

100%= E}STHFigure 9).
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AB kit

IFA

Positive | Negative
Positive [ TP=2 FP=0 65.6% | Positive predictive V 2
Negative| FN=11 TN=249 | 73.1% | Negative predictive V| 260
15.4% 100%
Sensitivity | Specificity
13 249

Figure 9. Sensitivity and specificity of canine ehrlichia antibody test kit based

on IFA
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Kordick et al, 1999), 3t &9 =77l A= & ZdA BAAd F5 A
o] oz WUAZ T WA = AdoH(Vichova et al, 2014. Breitschwerdt
et al, 1998).

ol Wil =L VoA A LIFFoR AKV|e] nHHoE

olAl= Aoz yeltomKalluri et al, 2007), ol2 QI3 A ESSTH 22

2o AW Aol ATt E AFS v YvHGenchi et al, 201D).
AR AFTFdEEe] ot ATt A fF52 38 FHea AMg
o Al4] Human pulmonary dirofilariasise} 22 444 & AW S dod 4 o

(Lee et al, 2000). 7]&3 243 PG o= st Az Aol FAHNU
SA EZE} 7ol SuiEH, AT e A9
2 HstE o= Jd3Ht AFEE fvg Hdd
o ARG 7|ERste ME 2ol WA Agoez wr|uisyd 2o
WS ZASHE A7 B ast

QoA ARALE ZAANA WBC, CRPES] %3 BAE 47 4%
93 vl Alol, ohEelznl, ol Eelvlol delm mag ke WE7] ujsjd el
A Ngs Bdd BEeNE S B T 5 gou, g
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Hojux] o= 235 Bion, ALY A7 eg2 EeEHo4x oA e+



oA R AHGEHE Hola o], ol WA Az AHE o5, &

3 &5 HH, 201349 9.53%, 20143 12.8%, 2015 12.7%, 20163 17.9%=
Bgowm, 2016. ¥ AN 203%°) AUEE F7hF01E B 5 Atk of

98 AT Aae AFENAL AAIF PFH T4l J1Fustsh I

H AAEE Aol tid = AE ZARlA 200009 A= 28.3%(Song,
2000), AFAS 38.6%(Song, 2000), F4kAS HUA 2.8%Byeon et al, 2007),
20033 oA 23.6%@Lim et al, 2003), 20073 3FFAA 12.4%Koh et al,
2007), 20103 =4AS 7.2%(Park et al, 2010) , 2010 33 FF =H of4kA
o ARFHol A 22.3%([Lim et al, 2010), 20103 FFXY 14.6%(Lim et al, 2010),
2016 AM=AY 7.0%(A, 2018), AFAH 17.9%(H}, 2016), 2017'd A=A <
6.5%(A, 2018), 20183 A &A1Y 5.2%(A, 2018)E Zr4& FolE Holi AR
2009 wl=olA el THEES 14%E ¢ @ FHEES HYthBowman et al,
2009). ol& @=ETH mlmoA A H o FL o Z2IaH 5o o]

9 A23H o WEoR Rtk e AFEelA 20199 WA ¥ 4]
A BITE PPOE & B ANA AT 203%9] FIES B AL o}H=

FolAtet REApe] A2l ool tigk tha =

A7} BESTm B 5 9lom ofF AMEY] 1% ARe] A4 AP o

i}

Aez] wizfdyg =3 ol Atz WstLeA Be Wsrt st Ao =
el 4% 7le R=r|uj7) A F babesiosis, anaplasmosis, ehrlichiosis, lyme
borreliosis7} 7Nl A2l 7+ A7 @12 (Choi et al, 2009. ,Oh and Woo, 2009.
Yu et al, 2008), AFAHNA AR Haemaphysalis longicolnis)\ A1 Anaplasma
phagocytophilum=} Ehrlichia chaffeensis7} 7<% %12 HOh and Woo, 2009),
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A Al AE HEo] HA &kt 2015F AFAY AA D F714S e R
3 Ay mAdY dF A% babesiosise #QlE 1 anaplasmosis,
ehrlichiosis, lyme borreliosiss= 7RollA 7+ At oF2 §lv A& HiHH

(&, 2015).

N

vhHlAloke] A9 2009 AF= AAZANA 17355 9706.2%4 7HEOh and
Woo, 20092 HIHHH, 2018 AF= AAZAA 211575 99FU6.I%N=E =

ZdE(Yang, 2018)= Elom o dAFoAME 281FF 1217U3.1%° =& &
HES Bt 53] HdAe A 83FF 58F(69.9%)% w2 AHES d4F

o
ftlo
fz

ol A& FLE AFPsto] oje} X2 ATt xefE AR ARY
F7170A 19855 63F(31.8%)2 FAdEC] e ALz Hol Agx vl

i =2

o

Anaplasmosis, ehrlichiosis, lyme borreliosise] 74-$ babesiosise} o] AH A

o2

ek wWo)] vy wjFEo|(Dumler et al, 2001) <= 9 AZF A7) RE=7)7}
43l &Este =55E Jhe7bA ohddte Ao® dEA vk 2010 WA -
ZAAGAA 717 25255 UFoE 4% JNEAAE )&y TE o
ghlgt Ay ofyZetzulE 7.93%, olETl7|ots 9.51% vla KA
2.38%5 EJoHKim et al, 2010), B -3FYF - = - ofiF AHAA AR
22975 o2 3 HiodAe otdZet2uts 18.8%, &8 7ors 6.1% e
3 BEeotF 22%9 ¥luF F2 AHEEC] B HJoKLim et al, 2010). 2010
W AeXGoA {717 75458 ddezd APHRIE HY opgZetzniE
0.2%2 ZHE<S Bl ¥, dEg7|otsd Hedgolas2 F Rt Hof QA
FAT THEY AA Aol A 2018d 788F FU1AE tFo R TAEANAE
ofZetzutZ 0.89%, olE8l7|ots 0.25% 18]a Bl 0.25%= 7 1
AE BRHJTHA], 2018).

ojl AFoNME YERo] otEetznrts 11.4%, E87loks 0.7%, R He
ols 1.8%° AEdES &< & & A SdFHIEC] F 281FF HiH| Ao} 81

T(28.8%), AEAVES 415(14.6%) 183l ofypEgt=rt 4F(14%E I & F

e
i

o
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i
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e AR A ARG A 7170 M A=A FEES FAdE
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