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Abstract

Detection of Wolbachia DNA in blood from

shelter dogs infected with Dirofilalia immitis in Jeju

Junghoon Park

(Supervised by Prof. YoungMin Yun)

Department of Veterinary Medicine, Graduate School,

Jeju National University, Jeju, Korea

Dirofilalia immitis 1S a mosquito—borne hemoparasite of dogs that
enzootic throughout in tropical to temperate region. It harbors a
symbiotic intracellular bacterium which 1s Wolbachia pipientis that
conduct as an important role in its biology, and causative agent of
inflammatory reaction of dirofilariasis. In this study, we try to
investigate the prevalence of Dirofilalia immitis, detection of Wolbachia
DNA in blood and Genetic analysis of Wolbachia from shelter dogs in
Jeju. From 2013 to 2016, the blood samples from 5,460 shelter dogs
were collected. Observed annual prevalance of Dirofilalia immitis was
9.53—17.9%, and it was confirmed that spring (12.6%—16.2%) shows a
high infection rate during 3 years. PCR assay was performed to detect
Wolbachia DNA from blood in 70 Dirofilalia immitis infected shelter
dogs, 23(32.8%) dogs were infected with Wolbachia. By sequencing

analysis, It showed 100% identity between Wolbachia pipientis in Jeju



and Wolbachia pipientis in USA. These results indicate that Wolbachia is
also confirmed in Dirofilalia immitis in Jeju island and the prevalence of
Dirofilalia immitis has increased in Jeju over the past 3 years. Small
animal practitioners in this area should control the Wolbachia during

their heartworm treatment process.

Key words : Wolbachia, Dirofilaria immitis, Shelter dog, Jeju
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A A2 (Dirofilaria immitis) & B712 wi/l2 AstE o (Figure 1), DA

Adom o), oflr, Wy eojxeld] Bxai @ v et Aol

(35). AAAEE HFS BB SAANA vTEWEA, B RE LW

Wk g bR WA AHE s, Abgel o= % @nhen. #
Z

ul e ARAMES el dish dFEs HEE 19629 AFH S AL A
21.0%K.318 o] (1), 2003d oiF-ellA  23.6%(24), 2007d FFolA
12.4%(19), 2010 &AbelA 7.2%(31) zHelo]l B Hlch 53] vt
o] AlFA s A E FAHAAM 38.6%%, A= Fe] 28.3%H T
FAL, B AYETE O 2 AYES HAT22, 34). dA AEAMEE S A
Zol¥ macrocyclic lactone# A 2] ivermectin 5°] AFEH 1 Qow, &3}
AEA R Aol ANt eHdsHA AF= AAkE l oF 3671 F=el &~
Hie dem A givh add ASHd AR
=

(Immiticide®) o] YA+ Tk & FF &

rir

Wzt go] miE o] ITh(26).

Lt AFolM Wolbachia pipientiss= Wolbachia %9l 38l 43 02
class Alphaprobacteria, family Anaplasmataceae®] 3= AXY 7144 9
a5 Moz FEetal Uok(29). Al dAAIA o x dAsET HAF ol
A 20-80%2] Aol BaEATH(6, 14, 20). Wolbachias W88 ¥} A}
dAvidow #Ed A3, AGAEE 9 AT JstelSthE (Hypodermal
lateral cords), A& AMEE A2 AT AAVIA 22l AT FEAFA
Ao zA, dAFgEd AFFolM +4 ddEs & 7 AHE8, 4. A%

AE S BARA L] Wolbachias BArstais Aatstol AR Sl 4kst



2 YdE4A=ZE LPS(Lipopolysaccharides)
4 FHA EZHE F7AY sddMAEFE=H
endotoxin?F®] ¥F&& B+ positive Limulus amebocyte lysate testE ©|&
stod &M (39). TSt onchocerca wormsolA 7 =59 T F2

W 3T T390l Wolbachia FE==24E 7|8t Zlo] FAHJTH(T).

o
=
GAVEA R, Brugia malayi 7

ole|st Wolbachia®l e/ e]e7] 7]Hdo] Rage] wel gnpyjots Ao ®
FAAA S st A7 HuE 3 9o, tetracyclineAl 92 doxycycline
Folsto] Wolbachias ¥eldte 2ol EfFsTE AMETHA o &
He WAMHE dstete Zle® HauHa Qivk4, 5, 8, 12, 16, 32).
Wolbachia® hsp60 (heat shock protein 60)S ™
st Wolbachia7t tetracycline Fo13te] we} AAE = S glakqlar, o]y

B Age AT A4S AL, 45 MAEEL FaATE Ao B

e

tlo
=<

1¥ k. ®WhH tetracycline X BE Wolbachia?}  7183F# 4=
Acanthocheilonema viteae, Brugia pahangi solAE EIH47F &5 AdoA
AR S AAAZI=d a37F @l ZAo® HuEAT(25). T3 A F

Bael szt sHgon, 4% Hgelw As it

o] B ATAHE AFEY F/1AS BIOR WPAIE AR

A=
AbE AAska, AgAVEE Y S ARAl = Wolbachia®l H st

il



o —
Migrate to head \
and mosquiro’s A
proboscis o Mosquito
takes a blood meal
= AN X (L3 larvae enter bite wound)

= o L3 larvae

)

L1 larvae
Mosquito takes
Microfilariae O biood meal
e migrate to (ingests microfilariae)
Malpighian tubules T,
/

A = Infective stage
A = Diagnostic stage o

Adults produce microfilariae
Adults in pulmonary that typically are found in
arteries. peripheral blood.

Figure 1. This figure is Dirofilaria immitis life cycle produced

by the US Centers for Disease Control and Prevention .

(http://www.dpd.cdc.gov/dpdx/HTML/ImageLibrary/Filariasis_il.htm)
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Table 1. The Number of dogs used in Dirofilaria immitis prevalence study

Year total male female
2013 1,479 796 683
2014 1,767 925 842
2015 1,823 982 841
Total 5,069 2,703 2,366

Table 2. The number of dogs used in Wolbachia and Dirofilaria immitis

prevalence study

Year total male female

2016 391 204 187




2. ANEF

gae 9=vA (cephalic vein) % HA9 (jugular vein)S E3A
0.5ml AHst e, AHHE A EDTA-3K A2l FH] dof -3 Aest
Atk A SA AV S & VEAAR Ao RE S, umA 4
N2 ANHAE Wolbachias &S 918 PCR AL A7kA] ¥ 4T) wast
At

w
ek

oA AL

AHA N AR F &3, §8 9 WA Gl 9 827 st d
ArbE AAEGT A FARNHCBO) S EDTA-3K 381 Ay dd=
A58 A5 71 (HEMAVET 950FS, Drew Scientific, UK) & o] &3te]  7Aa}
Aot A TAASE RBC (red blood cell), Hb  (hemoglobin), HCT
(hematocrit) % WBC (white blood cell) 18|31 Wd5+ HEAAS R NE
(Neutrophil), LY (Lymphocyte), MO (Monocyte) 2} EO (Eosinophil) & =
Attt AAMAR= D immtis FLARAT, D immitis$F Wolbachia 37

A 283 B AAEA e oA dExT o HiEete] EAsIT

1_1

4. IEAMYE SR HA
AFAMES T ARE Bionotejit (Korea) 8] A8 AMES FAD7|EE o] &35}

At} (Figure 2).

Figure 2. Assay kit result of the sample indicating Dirofilaria

/mmitis antigen positive (C; Control line, T; Test line)



5. DNA =&

g o ZHE DNA+ QIAamp DNA blood minikit (Qiagen, Milan, Italy)E

il

o] sl FE3 . F=H DNAY 5%+ 50-100 ng/ul= Fg3ste] A3
A —20ColA BE BAE AT

2

THEAAMNES 71 A (33) oA AR Wolbachia ftsZ F-AAE %5 0
2 Ay Zgoln S AFgEg om (Table 3), WS3 & PCR 7oA
=

+& AASIsitH(Table 4). PCR 53%FAHES 1.5% agarose gelolA4 100 bp

o

NA ladder (Enzynomics, Korea) 2} 4] 110VelA 2587 A7) E3slo] &

Table 3. Primer set used for the detection of the Wolbachia fts” gene

Primer Sequences (5'—3") Size (bp) Gene
ftsZ
5—ATA ACA GCA GGA ATG GGT GGT-3
gene_F stz
550 gene
ftsZ 5-TCA CGC ACT CTA TTT GCT GCA-3
gene_R

Table 4. PCR condition for detection of Wolbachia fts” gene

Primer set T Time Cycle

Initial denaturation 94 2min

ftsZ :
gene_F Denaturation 94 30sec

Annealing 65 1min 40
fts”Z

gene_R Extension 72 30sec
Final Extension 72 10min




A7 %A Feld PCR WA= (550bp) AlZel| thalA] Solgentiil: (Korea) ol
ojFste] V1M A B F14 AlEEA (phlygenetic analysis) = A3}

.

8. SA=A

HANAALA] AR E SPSS EAZE 1 (yer 22, SPSS Inc. IBM Corp,

(p<0.05).



1. AXE HNEAMNYS dEE

AFA 714 546002 WA D immitis Y HAAE AAE A3
201392 147971815 141v2](9.5%), 201432 1,76771215 226V}
(12.8%), 201532 1,8237F2]5 2317+ (12.7%), 201612 FAM7]311 3€%-
B 59 Aol 391vtelE 70vbE] (17.9%) #dS velstod, F 5460vHd %
668vte] D. immitis 3 4 (12.2%) S YeEF AT (Table 5).

Table 5. Prevalence of Dirofilalia immitis infection of shelter dogs from 2013
to 2016 in Jeju

Dirofilalia immitis

Year Total samples . Frequency
positive

2013 1,479 141 9.5 %
2014 1,767 226 12.8 %
2015 1,823 231 12.7 %
2016

391 70 17.9 %

(Mar—May)

Total 5,460 668 12.2 %




Hla ARt Ay vid 5l (12.6%-16.2%) ©]

U =8 AgS 1wgom, ALH(B.6%—8.5%) ] thih & S eyl
t}(Table 6)

Table 6. Seasonal Prevalence of Dirofilalia immitis infection from 2013

to 2016 in Jeju

Infection Rate (%)

Year
Spring Summer Fall Winter
(3—-5) (6—8) 9-11) (12—-2)
9013 12.6% 8.8% 9.5% 7.2%
(46/365) (37/422) (34/357) (24/335)
9014 16.2% 14.8% 13.3% 5.6%
(68/420) (76/512) (61/457) (21/378)
9015 15.8% 14.3% 11.2% 8.5%
(70/444) (76/530) (52/463) (33/386)
15.0% 12.9% 11.5% 7.1%
Total

(184/1,229) (189/1,464) (147/1,277) (78/1,099)

3. MO Wolbachia DNA HEE

D. immitis FLAAAI} Al dN 707004 FEF DNAS PCR TF F
71953t A3, Wolbachia%’d ENeA FA tix=a3 A 121 550bp

= A3l (Figure 3), °o]E EU& 2370 A 84 32.8%9 #H=
o YERSIth 2 AE O R D immitis FEAAREA T 57421 20719 A&

2o zAA PCR 3+ A Wolbachia pipientiss= RE5¥ SA o7 el glct

|



M N lanel LlaneZ Llaned3 P  Laned Llane5 Laneb

Figure 3. The Result of ftsZ gene amplification of
Wolbachia pipientis on the non—infected Dirofilalia immitis
and coinfected Wolbachia and Dirofilalia immitis blood
samples (M : 100bp ladder marker; N : Negative Control;
Lane 1-3 : blood sample non-—infected Wolbachia and
Dirofilalia immitis P : Positive Control; Lane 4—6 : blood

sample coinfected Wolbachia and Dirofilalia immitis)

Table 7. Prevalance of Wolbachia pipientis detection on the Dirofilalia

Immitis positive and negative blood samples

DI (+) DI (-)
(n=70) (n=20)
Wol(+) Wol(—) Wol(+) Wol(—)
Heads 23 47 0 20
Prevalance 32.8 % 0 %

DI(+) : D. immitis positive DI(—=) : D. immitis negative

Wol(+) : Wolbachia pipientis positive  Wol(—=) : Wolbachia pipientis negative

_10_



4. g0 OE Aty #Hal

2 A9Jate], 82719 FAMEL A

D. immtis7t ATl WMEF s5Fe sAY S #dEEQ e D,

WBC NE
40+
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Figure 4. Scatter plot of cell count information about individual
WBC, neutrophil and eosinophil. Each symbol represents an
individual cell counts. the horizontal full line indicates the mean
value and the vertical line indicates the standard deviation.
horizontal dotted line shows a reference range of each cell
counts.

(D+:  Dirofilalia immitis positive, D—: Dirofilalia immitis negative, W-+:
Wolbachia positive, W—: Wolbachia negative, WBC: white blood cell, NE:
neutrophil, EO: eosinophil)
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5. Wolbachia pipientis G7| MY &4

il

Z32% PCR AHEEHE Q7|MGEN S & A3 v|=olX B, Wolbachia
ftsZ s+ A (GenBank: AY523519.) ¥ d*]&=582/582 (100%) 18 °=2 =

Agto] ¥ o] Wolbachia pipientisd= A sF3AT,

6. AS=4

Wolbachia ftsZ FRAAE vlEg o7 AEREAS AA

A A 2polE AL Kol ¢Fokth(Figure 5).

ot
it
®
off
1o
Ay
X

el

02 Wolbachia endosymbiont of Dirofilaria immitis FtsZ fisZ cds
Ifll Wolbachia endosymbiont of Dirofilaria immitis in Jeju

06 Wolbachia endosymbiont of Dirofilaria immitis FtsZ fisZ cds

05 Wolbachia endosymbiont of Dirofilaria immitis fisZ
04 Wolbachia endosymbiont of Dirofilaria immitis isZ

03 Wolbachia endosymbiont of Dirofilaria immitis ftsZ

07 Wolbachia endosymbiont of Dircfilaria repens fisZ

| 13 Wolbachia iont of Onch ca cervipedis strain OC1 cell division protein fisZ cds

12 Wolbachia endosymbiont of Onchocerca cervipedis strain OC2 cell division protein fisZ cds

10 Wolbachia endosymbiont of Onchocerca lupi ftsZ cell wall protein

20 Wolbach iont of Onch ca volvulus cell cycle protein fisZ cds
18 Wolbachia endosymbiont of Onchocerca volvulus sir. Cameroon assembly W O volvulus Cameroon v3
16 Y of 0 ca ochengi fisZ

15 Wolbachia endosymbiont of Onchocerca ochengi strain wOo

17 Wolbachia endosymbiont of Onchocerca gibsoni fisZ
19 Wolbachia endosymbiont of Onchocerca gutiurosa fisZ

11 Wolbachia endosymbiont of Loxodontofilaria caprini RsZ cell division protein
i 14 Wolbachia endosymbiont of Onchocerca skrjabini ftsZ cell division protein
08 Wolbachia endosymbiont of Dipetalonema gracile ftsZ cell division protein
09 Walbachia endosymbiont of Onchocerca suzukii ftsZ cell division protein

0 0.019854 0.039708 0.069562 0.079416 0.09927

l I I | | J

Figure 5. Phylogenetic tree of Wolbachia endosymbiont of D. immitis in
Jeju. There is a minimum nucleotide substitution among same nematode host
Wolbachia pipientis.
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Ao® YEHT(18). AF=
AGE T Vst whE 2Rl WAe Ao w RI|mziAd AR el w3t

S At A Bastth of AFeA AFAY {F71AE e ®E 2013
WRE 201597k4] AZAMES &S AR A3, 20139 9.53%, 2014
12.8%, 2015 12.7%, 2016'd 3€FE 5¢ Afolol| g A= 17.9%% F

7ol E Kol Aoz yehylt) oo Al wpE AMIETHE A E
Aol /M =& Foz YelEd (7)), AFAg T 385 592 HHd
2013 11.8%, 2014 15.8% 2015 15.8%, 2016 17.9%% Tthx
A& AT By, ARHE 5 UIAEE T7FEAE Hola 9t} oS

=

el AEAMEE e BH ToAel VIFRstet 9 STt

_4

=0
3L

‘I_/

ARG E A ReE welel oM, FABAER] Wolbachias %
of thet A+-=o] vrFstAl Rauwa Atk (4, 12, 18) 7B Ay ZelA F&
& DNAE ©|&3F Wolbachia®l 7ol tgh AR = 2010 BepdolA d5
AEAES AFS Hole Ee lelA 100%(13/13) #HE&< Rl
(33), 2008 =l ATolME 90%(36/40) AZEES Hastg o (23), A9
BE D. immitis FENAE Wolbachia®ll A=Atk B skl Qlth o] - ¢
Be AEES Holt ATANEY frAor 20139 A o]FH o
TolA & 30.6%(15/49) HE&S B8 ew (37), 2014d 2524 I
Bk AFelME 40.6%(20/47) HEEC] YEPFOo 2 (21), A AHEE

Mo "M = ARo\Mut Wolbachia?7} AEH AR Wt o] AF
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A AN Wolbachia HE&E 32.8%(23/70) 2 ©]9} fFAFSE FAkS Ho]
= Ao® AL o9t 2 AEE] Aolof| Uit JEoEHEH I
o] Aol WE Wolbachia AZ+5°] thst A= 2 Aelo] AA o]
=, wle H25e 2AFAd g9 AREE 1110002 At gAste] 7143

X Wolbachia 727 B Aol YeRor, 25 lo] A1t

O{N
2 W
Moo ¥ ofe 38

oy
g

)

X

2 7+ (occult infection) Aol %E dF oA Wolbachia?t AEF HOZE HI
HAH(21, 23). oYt AF=S vt o R dF  Wolbachia FAZ°l tist o]

@ A7) 910w 9% AAAEF wrk 7 APE AAFSY Aedd o)
o

r
i
&

ol X Wolbachia AZ&5°] 90%Yd Wl A U AFAIEA AH FE3 DNA
X

AZoA 100% AEES Fst9tt(23). NS %3t Wolbachia AAPH-E <

l

YAHAAL Aol X D immitis FEE F o EFoA WIS, S5 UL %
TR va w4 YERer, g2 AT, dEEEN, nEIZE FX
= Be aFolA v sor Al &Hdhe Zlow udEhst D
immitis® Wolbachia A3 [7ANA D. immitis 570G HY}, 7 dEHZ
Zw Y & FAE Bt ole} 22 A Ave Ay d5ukge] 13
B S oustth ol D. immitis RO TAF F7bel Uldt Ak
(B0), F=HX A T YEA = 4

D. immtiis$} Wolbachia ©]18]ol|% theFst HAA L] Eoztd s Heah o

=

oA WAsE AEHA HEEEo] HAPA Ao JF

rlr

o
30
ui
i
)
X
o
l
et

2

Y
>

Hojxlt,

_14_



A w)sto| A BIE, Wolbachia fts7Z +3AA (GenBank:

i=]
249

@71

Wolbachia pipientisz.
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Wolbachia®l 7% A&+ (phylogenetic analysis) ©| 4]
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Wolbachial) 7= 4 7]
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