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Survey on infection rate of Dirofilaria immitis in mosquitoes
collected from the parks in Ulsan
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Dirofilariasis is a mosquito-borne parasitic infection that mainly causes symptoms such as chronic

cough, respiratory distress, abnormal breath sounds, heart valve dysfunction, right heart hypertro-

phy, liver congestion and cirrhosis, ascites, and pleural effusion in dogs. In this study, from June to

September 2021, we collected and identified mosquitoes in parks where citizens often take their dogs

for a walk, and created pools from them by month, species, and location. These pools were checked

July 27, 2022
November 7, 2022
November 11, 2022

for the infection of Dirofilaria immitis by PCR and the minimum infection rates (MIRs) were calcu-
lated. The MIR of all mosquitoes collected was 6.4, and the MIRs of mosquitoes from Daewangam
Park, Yeocheoncheon Walk, Tachwagang National Garden, and Sinbulsan County Park were 9.7, 4.7,

2.1, and 0, respectively. It also confirmed that Aedes hatorii, Aedes vexans nipponii, and Ochlerotatus
koreicus were major vectors of heartworm in Ulsan. Our results suggest that heartworm prophylaxis

Cejin Cha
cjchad9@korea.kr
https://orcid.org/0000-0001-5966-5128

AAAYE(Dirofilaria immitis)S $£2 G4, ofdd], &4

Ao A K7lo] o3 wiFfE = 718Fo= AN, gl 9%,
S 5 ot ZR-5El 718sk=d 9, 7H°ﬂ*1 of2] 7|
o ZoiE FE3HHSimoén 5, 2009). A 719 "10“0] &
Ash= AS(microfilaria) 7+ %7391 X717 %55 &2
o o 27]9] Aol Soi7F a7 EA A37] (L3)3
2 83t o] A37] 52 2719 F50|% olEsto] &¥
oM F&5 AHE Eo17H HleHat SAdoA 452
2 Attt (Ledesma®l Harrington, 2011). 7§ AAAMYS

Fo 22 WY1, £, NP4 SES, At 7]

TEA, A Y, 158 9 143 B, 5 52 gt
(Park, 2002).

Copyright © The Korean Society of Veterinary Service.

should be considered in Ulsan.

Dirofilaria immitis, Heartworm, PCR, Mosquito, MIR

A AIAEE Fhe Doslt 9

A= Al AE 9%
942 2857 gtk D.immitis7t QA o] =W 5
7] & wjsto] 28 67| % sHH(Simon 5, 2005), 7l
24S 375171 = HKim 5, 2002).

AZAAES WSt 271 AR 7R (culex), €271
(aedes, ochlerotatus), @EI/N 271 (Anopheles)S E3F
sto] oF 7001&(Ludram 5, 1970; Cancrini &, 2006)°] &
HA A == thFsitt. AH]QL oo}, B7]oA = Cu-
lex pipiens, XE2FZ ulro]gtel ARl 7hE]ol A Lo A
= Culex theileri7t AAVESE W7ot 8 HI|S0E
B g vk gtk Morchon 5, 2012). YA = Hol® 16%
o] B717F AAMSS Auto] g sk A= IEA UL
S| A= Aedes notoscriptus, EEV]Oﬂ/ﬂb Aedes<:
o] ®717} ARAVES AoE ki Bargk BF Itk (Noack
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5. 2021). ESE ofZdEJLo| &= Culex pipiens®t Aedes
aegypis 78 W/EC g2 HustAtHVezzani 5, 2000).
Mol Al APEAVES AHE AR AF7HA] ol A1
2 oFstA Bare vt Stk sEAITE BI04 A1 ARAMESE
FAAE HEHe HHOE APIASS AHES ERlsta
8 WEE Rt A= FHolA= F7=E 9 FL%(Lee
5. 2007), 1% (Jeong 5, 2020) 8ol {itt. o|¥ A& 7|
oflA A AFAMTS Aol et B EE RABHE Z4HA| <

F 29 A=A, HHEEEY &) &2 F9AF9 e

Zgste] PCR W O & AAMY S ol dist A =S &l
sto] AFAMANE At SPE 95t 7| xA g2 &8sl aAf

s,

W7le SAREAAl Yol AlHlEo] A3 o] &5t
(HSPE=71d, ALY, - R, AEALH YD)

oA 20219 6EFE 9¥7HA 4717t = 13] skt A
HE ot BAAoA LFFRA HAREIAS7|E o853
=g

AT w7)= AR 7HA et B A7 WS AolA Bt
stelom, 171Y @9E MR =4 (A )] FHEH
710l wheh AAAn A o]-8oto] s FHE 2
7= A7|E-SEAAER 1~500H] G2 poold WHESR
=g

27104 D. immitis T8 &?A0E Y3 genomic DNA &
£ Maxwell RSC®Whole Blood DNA kit (Promega, USA)
2 Maxwell RSC%48 (Promega, USA) FH| S 0|85} T},

7] pool2 homogenization-& 2 mL tube®]] @o]A &H]
S =2AT}. Z} tubeol proteinaseK 40 uL, TLA buffer 400 pL

£ E33}9] homogenizatione A3sH &, 70T heat block

Sequence of primer for PCR
Oligo name

D. immitis F
D. immitis R

Sequence (5°—3”)

AP - 2L - OS7 - IR

ol
A4

oA 6087t incubationAlFTh 1 &, 12,000 rpml.& 58
S AT & AR A FE0] o8t

5= Ao 7HEZAIE 2Rt Fof A& 300 pl, elution
buffer 100 pLE £t Maxwell software°lA] “Whole
Blood DNA'E AE5lo] D. immitis DNAE &3t}

D. immitis®] 16S rRNA 434 3&-& 93t PCR =< s
7] 918l Watt 5(1999)9] S whet Table 19] ZetolHE
Al&FstRdH. o] Leto|HE o]-g-sto] At E- A= PCR&
AAsto] 11 F R4S ASSHTh AR FEE L W
At A A T Aol ERlE iAo €9 ol&

sttt 4 €R1 Rapid CHW Ag 2.07]1E(Bionote, Ko-
rea)E °|&st3lon, A5 A7 fukd FEO| B2EHRS
ATt & e dsto] FotAu|F o8 SRl

L7194 $&3 genomic DNAE /44719] Zeto|HE ARE-
sto] PCRE AAI8FAT. AccuPower®HotStart PCR Premix
(Bioneer, Korea)ll template DNA 4 uL, 10 pmol/ul Z&}
o]t} Z+ 1 ul, DNA free water 14 uL2 #71sto] % 20 uL2
=9t PCR ¥E&-2 7L initial denaturation 94COA 5
H £33t & denaturation 94CoA4 40%, annealing 55T
oA 40%, elongation 72T Oﬂﬁ 4025 403] HrE5}9 . o]
ot A FE 7G-S A2 & QlAxcel Advanced Instru-
ment (QIAgen, Germany)E °|-&sto] FFHE FHE &9

shsict.

HAAAF9E(minimum infection rates, MIR=FAC & A&
pool /A 7] & uhEl4x 1,000 271 1,000t
A AAES rIRth(Ejiri 5, 2009). A71E - &

4 - SHE AP FES oo H w4 shlot

Broofl

Product size

GCATCT TAG AACTTG GTC CAT CC
CAAAGG CGTATT TAC CGC CAC

440 bp
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20219 6¥2FH 9¥97tA] AT H7= F 105, 2,79549F
g2 ST oA 472012](16.9%), L A3-HolAl
1,2381H2](44.3%), oA -AR 204 1,068112](38.2%), A&
AEEE oA 179121(0.6%) AR SHAT. B4 4714014 A
At AA B9 A LA HES 6.401, SHER
HaAdES AHEY HePrE7PddolAE 2.1, dgdsd
oAM= 9.7, AR = 4.7, ABAREH T HoA= 0
O 2 YERFTtHTable 2).

A B71E A4, A7E, SEE 1~501HE] @R
pool& BHE0] AAMS &9 PCR AARE 3 23, % 118
7] pool FollA 187 poolollAl HdAMSS T &elstal
. G4 pool? g HEF= MY Yol A= StEEwR]
(Aedes hatori)°IA 171, HLFZHolA = EHHZ7](Cx.
pipens)oA 57, olUEU| R 7](Culex inatomii)°lAl 1
7N, S+ 7](Ochlerotatus koreicus)ol A 47, EllsL7]
(Ochlerotatus togoiollA 171, & 1271401 o] HHAM = o

i)

i

Regional prevalence of D. immitis infection in mosquitoes

Site Taehwagang Daewangam
National Garden Park
No. of mosquitoes 472 1,238
% of mosquitoes 16.9 44.3
No. of Pools 26 48
No. of Positive Pools 1 12
MIR* 2.1 9.7

*MIR: Number of positive pools/total number of mosquitoesx1,000.

Ae I R 7] (Culex pipens)olAl 371, 2H2EZH R 7] (Cu-
lex tritaeniorhynchus)llA 171, 2% 2 7|(Aedes vexans
nipponii)ollA 174, & 5712 Yelgtt.

7] SEE AFAMESOl AT AaddES AW 5t
Eg&R7]oA 100.0, LER7]01A 24.4, S=eR 7]
A 22.1, o[UEHYRY] 13.7, EXwE7] 13.5, Z-287H R
7] 6.4, Mt R7] 3.7 =02 YEhgth fYA4ac] mE 27
T AU AES A Ed HIPd=7lEde stEeR]
+ 100.028 7H} =4 vehgton, o3 o] gl 7]ofA
24.4, H¥ATAY &R 7] 22.1, HYATLY o|HEHH
271 137, SAFTEY EXgRr] 13.5, of 1A A2t
A7) 6.4, HBLFLe BIHHRT] 2.3, AHA] PR
7] 1.4 £ 0.2 YEpytH(Table 3).

PHE 275 A7IER AHEH 2442 649 1,469
(52.6%), 79 442vF21(15.8%). 8 7757H=1(27.7%). 9€ 109
ut&](3.9%) ATt D %4 pool? M= 649 871, 7€ 471, 8
4 571, 9 17l on, 4 AR E 279 AgAPESl gt
HrgAES 27 049 54, 72 9.0, 8¥ 6.5, 99 9.2% YEL

Yeocheoncheon Sinbulsan

Regional prevalence of D. immitis infection by mosquito species

Mosquito Ikt
Species

No.!  %** HT MIR (+)
Cx. pipens 2,171 71.7 0 0 5
Cx. tritaeniorhynchus 157 5.6 0 0 0
Cx. inatomii 73 2.6 0 0 1
Oc. koreicus 181 6.5 0 0 4
Oc. togoi 148 5.3 0 0 2
Ae. vexans nipponii 41 1.5 0 0 0
Ae. hatorii 10 0.4 1 100.0 0
Ar. subalbatus 10 0.4 0 0 0
Anopheles spp. 3 0.1 0 0 0
Oc. vagans 1 0.0 0 0 0
Total 2,795 100

Walk County Park Total
1,068 17 2,795
38.2 0.6 100.0
37 7 118
5 0 18
4.7 0.0 6.4
D' Y s Total
MIR (+) MIR (+) MIR +) MIR
2.3 3 1.4 0 0 8 3.7
0 1 6.4 0 0 1 6.4
13.7 0 0 0 0 1 13.7
22.1 0 0 0 0 4 22.1
13.5 0 0 0 0 2 13.5
0 1 24.4 0 0 1 24.4
0 0 0 0 0 1 100.0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
18 6.4

*T, Tachwagang National Garden; "D, Daewangam Park; *Y, Yeocheoncheon Walk; 'S, Sinbulsan County Park; '"No., number of mosquitoes;

*%04 percentage of mosquitoes; "(+), number of positive pools.
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Seasonal prevalence of D. immitis infection in mosquitoes

Site Jun Jul
No. of mosquitoes 1,469 442
% of mosquitoes 52.6 15.8
No. of pools 48 21
No. of positive pools 8 4
MIR* 5.4 9.0

*MIR: Number of positive pools/total number of mosquitoesx1,000.

Seasonal prevalence of D. immitis infection in mosquitoes by mosquito species

Mosquito Jun
Species
No. % ) MIR*
Cx. pipens 2,171 71.7 3 1.4
Cx. tritaeniorhynchus 157 5.6 0 0
Cx. inatomii 73 2.6 1 13.7
Oc. koreicus 181 6.5 2 11.0
Oc. togoi 148 53 1 6.8
Ae. vexans nipponii 41 1.5 1 24.4
Ae. hatorii 10 0.4 0 0
Ar. subalbatus 10 0.4 0 0
Anopheles spp. 3 0.1 0 0
Oc. vagans 1 0.0 0 0
Total 2,795 100 8 5.4

™)

bAO OO OO == O O

*MIR : number of positive pools / total number of mosquitoesx1,000.

ScH(Table 4).

A A7IEE YirolA B7] $E HAagdES AHEE 8
49| SE %R 7= 100.008 7P =4 vehgon, 69 &
dw 7|04 24.4, 69 oJUERHEY] 13.7, 69 %R
11.0, 693} 799 E141Y] 6.8, 84 2297327 6.4, 7
43t 99 =t i7] 5.5, 693 8Y 9 W EY] 14, 7¥€9
H7E 7] 0.9 2.2 YERETHTable 5).

2|1 =
- =

9 ABlol A MAFEL 71 9E =
Z7h8ha glom 7159 delo® Wolsols £5E H2tuy
A

ATk 20219 FEETO diet FRIHRAF HIA(FHSHA

>~
1

13
=1

, 2021)0f W= HA -SEA] 66.8%7t ¥ ES 7]
1 ow, 1 F 77t 72.9%S A 5= Aoz uERG
o|ZA W FE-S 7|9 HA HEAE0] Fa351A Hzsh=
A0l A7 el 5 sh7t AGAMSS allvtelti(d, 2012).
£ A Y T 4740l B7)E fgsto] A%

S ZAE D AASS s B71%S 2ASHAT

oM,
il
o

Aug Sep Total
775 109 2,795
27.7 3.9 100.0
33 16 118
5 1 18
6.5 9.2 6.4
Jul Aug Sep Total
MIR (#) MIR (#) MIR () MIR
0.9 3 1.4 0 0 8 3.7
0 1 6.4 0 0 1 6.4
0 0 0 0 0 1 13.7
5.5 0 0 1 5.5 4 22.1
6.8 0 0 0 0 2 13.5
0 0 0 0 0 1 24.4
0 1 100.0 0 0 1 100.0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
9.0 5 6.5 1 9.2 18 6.4

HAEL FUER WA} ok AA 2719 44.3%7F o
LAZHolA A= HALTAEE 9.7 AAVES &
ol tist Y EE 7P A Yebth HAadAEClH 1]
1,0007H] & ¥4 pool®] 7I4E, pool 1~50H 4 vH=
o157 W2l dLLa-HolAl= 27] 1,0000H] &4 9.79¢
2ol A Hdf 485ut2]7F AGAMESol A== vt
W A EAREE S Yol A AA 2719 0.6%% A=) oH
ARAVEE D2 ERI=A] ot

T o)A 9 AA B9 AAMES AATAES 6.4
20189 Q1A Gol A A Z3H0.38)7 H]wske] ofF &
2 AYES Yeh e (eong 5, 2020), 20059 ZFLEA]
o] A} ZIH(1.4)9} Bl = EPAT 200549 F7|E A Y
9] A A7K10.8)2h IR = W2 50 AAES B3
tHlee 5, 2007). 27|17} obd 7oA 9] A AMES HAES
A EY 19973 1AM AR ZAFET A= 2.7% (Lee 5,
1999), 2012~20139 714 2AHETI A& 2.2% (Yoon
5, 2014), 20194 A71= 5714 2AFEI|A 8.2% (Ko 5.,
2020), 2000~20014¥ L= ARA ZAFET A= 25.7%

=

[©)
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(Wee &, 2001), 20099 AR 9] AHSA 2AFA T 135‘
7.2% (Park, 2010) ¥ 20179 $714d ZAFEIAAE 5
(Lee %5, 2020)2 H 1% v} QU 2719 AAMISE A4Y gjv,}
NoNA ] AGAVSS FAETS] A digt A2l A
£ Y vF QAR A EH o o] JUBAE 7Tk
FAY 4 Aok AR 719 AFBTE RARAZI7E EEbA
AESt Bl of##en, olE siAE F7HARl A 2
Q3 A0 AR HL}
1719 ZAE0 FFE F= 8102 = S50DY A &,
54 27159 &, 7] {5 AAA L 74 9 7TEE AESH
= A= 270] 2 4 oAl EarH vt tk(Paras
S, 2014). B3 AEAES 2 WilE R Il BY]E0]
31 EA|SERE QISH B 7]|E9] thokA AV B
719 AGAVSS AHES B AN TS R5olA
39 HHEL FETHE=E A% AHSpence Beaulieu &
, =57, oy
E”VSFJ] EigH7], 1—}%‘%}?}@37], THHE] 5 7F
oM AHAHYE AAS ERlstlH E9], stEeR7|(Le.
hatorii), 9% 2 7](Ae. vexans nipponii), r=+%=27](Oc.
koreicus)o|A w2 FHES Uetll=tl oI5 €57] Tl &
AR 9] AAMES Autol] 22 WIS & & ATk ol=
14 9] A(Jeong 5, 2020)2 FASE IS H=d A
e 5E€/] € S=ERVE APAEY F2 vi7A
2 75%’31_1_ 91‘:} E3 BV EE 1”1%1?—719} 371':‘17‘4537]

=

9 oI olelt g 17«1 U e Aetnn wEs
J

3 ‘1%*0‘_’ 84, 7€, 949 «
o, AEE,
2013; Asigau% Parker,
2018: NaSh Y, 2020) 781 % B S3bvle} 78 Zotee] =
89 Fe7HA A2 YA, 099 AHOE we B4
2 Qs 6¥of Hlsf 7, 8, 9ol AT 27| 7 AYA A
T AtmEch 7] g 2150 Aol 18 =U17 HF
st 7E5E 9974 715 wEt 42 #skt 3‘3}@_
5, 2011). R AYE 179 ARAMEEol gt HAa
£2 99, 74, 8¥, 6¥ ¢« 2= =7 UetHth o= AF %
71&9] Aol7F AAEC S FH7] 2o AlmE. 99

o 4

o

uE?.

ol
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HAEC] 7P A vErd olf= AR 7t Hile Add
ntsf 7 %01 2 SIERERI|A Aol 7] W2

U535 2 Zlog HuH vt 9= tﬂ(Lu 2017) O]L Al
AR 2719 JE5T 713 AATE oA FEEC] B2 A
o= 4#]A QIthPark, 2010). LB AGAMZ ZaH
2717 @2 FUoA RHEsES AFAIIT=
Zo] 3t 7 Y =7} Eopxth= AL oju|Fl},

o] A AIE HIF O E Bt = 4= k= AlRlE
A T 27E B3 AAMES A Aol S gy

AL} dHler BEo] E8E B4 AR 4ES U

_% Al x}/\]./u-

=

o Aolt}. w3k ARAHIEES Hlsfeie =79 BEAIS
N4 27187 BAA S HAREY 7 2R F8T
32 A 0] AL ool 71018k Ao F gt

2 8 ¥ o
wooo

2021 6EEE 9Y7A] ZAMA Y T 471404 H-g
L7lo] tishA PCR WHOE AWM AAEE RARE 2
I, oI 22 AES EESHATH

T 470l AT B 52,7957 )l HA 17
719 AV HATHES 04019, TUEE HAAAES
A HE tfgetg o= 9.7, AR A= 4.7, B}
BA7P oA = 2.1, ABAEHF oAM= 022 et

2. 17] TEE APAMES Aol tiet H A AES I
A3t StE gL 7](Ae. hatorii), X% 27](Ae. vexans nip-
ponii), 2% 7|(Oc. koreicus)olA & AIES e
=l ol& Fo] A FY AFAMES Aol 2 mAA LS
ghlstirt

3. 94 APE 2] = 84, 74, 94
ol om, APgAMESel tet HATAES 47 69 54, 7
4 9.0, 8¢ 6.5, 9¢ 9.2% UgyTh 2%, AUEE, FE,
T4 59 dFS ot APE mYEE W BY]Fo] ZpolE B
Rom, ®7]9 FHES A Hrleeks WE fYE 17
T Hl&o| HEE] TS Fo7] EoE FZH

4. o] A ATE B o AYIEoA 3 HV|E &'t A
S A 980l &S YA ARV cHeF Fof

H

=2 8l 39 PAIGES F30 wrEE e AAMES ool

9ol 1% B9k, 8
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