ORIGINAL ARTICLE

J Bacteriol Virol. Vol 50. No 1. March 2020; 50(1): 9-16
https://doi.org/10.4167/jbv.2020.50.1.009

eISSN 2093-0249

JBV

Age—specific Prevalence of Porcine Reproductive and Respiratory Syndrome Virus,
Porcine Circovirus Type 2, and Mycoplasma hyopneumoniae in Korea Pig Farms

lkjae Kang' and Heejin Ham?*

Dong Bang Co LTD, Farm Animal Disease Research Center, Seoul 06301, Korea
2Anyang University, College of Liveral Arts, Anyang 14028, Korea

Corresponding

Heejin Ham

Anyang University, College of Liveral Arts,
Anyang 14028, Korea

Phone : +82-31-463-1353

Fax @ +82-31-463-1386

E-mail : hhj3814@anyang.ac.kr

Received : November 20, 2019
Revised : December 27, 2019
Accepted : January 3, 2020

No potential conflict of interest relevant to
this article was reported.

Copyright © 2020 Journal of Bacteriology
and Virology

©This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non—Commercial License
(http://creativecommons.org/
license/by—nc/3.0/).

www.ksmkorea.org / www.ksov.org

Porcine respiratory disease complex (PRDC) continues to be a significant
economic problem to the swine industry. Porcine circovirus type 2 (PCV2), porcine
reproductive and respiratory syndrome virus (PRRSV), and Mycoplasma
hyopneumoniae (MH) are considered to be the most important pathogens that
cause PRDC. In this study, we investigated the prevalence of antibodies against
PRRSV and MH in the serum of sows and piglets from 89 domestic commercial
pig farms by ELISA, and the presence of viral nucleic acids of PRRSV, including
North American and European PRRS, and PCV2 was also investigated in the
serum of sows and piglets from 89 domestic commercial pig farms by real-time
PCR. In case of PRRSV, 78.7% (70/89) of sows were positive for PRRSV antibody,
and 96.6% (86/89) of piglets were positive for PRRSV antibody. For MH, 76.4%
(68/89) of sows showed positive for MH antibody. In the PRRSV viral nucleic acid
detection experiment, 36.0% (32/89) of sows were positive for PRRSV nucleic
acids, and virus nucleic acid was detected in 83.1% (74/89) of piglets. In case of
virus type, both North American and European types were detected. In case of
PCV2, 15.7% (14/89) of sows were positive for PCV2 nucleic acids. Conclusively,
PCV2, PRRSV, and MH were widely distributed in pig farms in Korea. These
prevalence data related with PRDC provides clinical information for vaccination
strategy and development for the control of PRDC.

Key Words: porcine respiratory disease complex, porcine reproductive and
respiratory syndrome virus, porcine circovirus type 2, Mycoplasma hyopneumoniae,
real-time PCR, ELISA
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Mz, &8 ¢ HUA L AEY A, BAQIZL S O2] TR QRS0 54
oz 2gsty Ydste Y Y2, 2 HIO|ZA YHRIHZ= porcine
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SHAAAE HAISHRILCE.
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Enzyme-linked immunosorbent assays (ELISA)

PRRSV: HA}L CHAN HHE DWE 1:4022 5|A5H & PRRSV ELISA kit (HerdCheck PRRS X3 Ab test, IDEXX Laboratories Inc.,
Westbrook, MA, USA)2| PRRS well2}t control wellofl 2f2f 100 u¥ £35t0, ¥ Oz 2 244 Oz MES 242 2719
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(TMB) substrate solution® 100 p £F5t1 Y 4TSl M2(18-25°Q)0A 15&27F BF2A|ZICt B2 £33 (2N
H,SO4)E 100 pl¥ 2510 228 =1 ELISA reader (Thermo Fisher Scientific, Waltham, MA, USA)0IA 650 nm Ijdo=2
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Real-time polymerase chain reaction (PCR) assays

il

PCV2: &5t AE2[(4000 rpm/2min)sto] S-S 225t QLAamp DNA mini kit (Qiagen Inc, Valencia, CA, USA)
£ 0|83510] AH|RAIQ| MEHO| w2t DNAZ £2|5t%Ct (6, 7). Cloning vector (pCR 2.1 TOPO, Invitrogen, Carlsbad, CA, USA)
£ 0|8510 PCV2 open reading frame 2 (ORF2)Z vector0i| 4/i5tx 10°%0A 10'7H/mIZ 1074 THAEZ 5|45t & ORF2
22 (GenBank Accession: HQ148879, Bethesda, MD, USA)2 &RI5H7| st primer & (s 5'GCACAGAGCG
GGGGTTTG, EsF: 5'ACCGCTGGAGAAGGAAAAAT)E 0|83t standard curveE 2SICt A|Z0|AM ZZE DNA 1 &

N gt

%S 2

250z 2x SYBR® green reaction mix 5 ul (Applied Biosystems, Foster City, CA USA), 2+2t9| primer 0.5 uM, 2542 &
3510 2|1Z 10 pl2 SHECH B RHE 95°COoIA 10272t denaturationA|Z] £, 95°COIAM 30z, 59°COlIAM 1&, 72°COolA 30

3|

7t & 408 ©HESI0] BESAIZICE RE gRS0| Bu & 59°COIM 95°CTIA| Yoz 2cE g2(RiM df2] JM
(dissociation curve)E SETICE Hoh S sk 2 AlEe 2FE Ct gt (cycle threshold value)g EEHE (standard curve)
Ol CHStO DNA copy &~/mIE A4 SICE,

IlJQ'.'
ol

—|— =

PRRSV: 50| 2 RFO| |t HES stof A
RNA mini kit (Qiagen Inc)E 0|30 A ZAtC| MHO| O
base pairs (Gen Bank Accession: SNU090690/851)2 &HRIst)| | primer & (M2&F 5' TGTGCCAGATGCTGGGTAAGATCA,
AdsE 5'ATTGACGACAGACACAATTGCCGC)E 0|85, &Y PRRSVL| &<, ORF52| 603 base pairs (GenBank
Accession: SNU090690/851)2 &HI5t7| Ist primer A (HESH 5'TGGCCAGTCAGTCAATCAAC, Hetsk 5'AATCGATTG
CAAGCAGAGGGAA)E 0|8310] PCRE £#BtCHprimer melting temperature, primer Tm: 60°C). ZZ%| PCR product®
cloning vector (TOPcloner™ TA kit, Enzynomics, Daejeon, Korea)oll A5t 10%0lAf 10"7H/ml 2 1074 chAoez 5|M8t &
2|9| primerZ O|235}0] real time PCRE 4&l5t0] standard curveE ZA3ICH A|20|AM 225 DNA 1 2 RH22, 2x SYBR®
green reaction mix 5 pl (Applied Biosystems), primers 0.5 uM, 284 3.5 plt S85t0] 2/Z 10 pl2 QHEC} 8IS RHS
95°COilA 1027t denaturationA|Z! &, 95°CHA 30%, 60°COIIA 30%, CHA| 60°COIM 3027 & 408 BHE3510]

DE H20| 8Lt & 60°COIA 95°CIA| HRIHez 22 22|HAM 2] =AM (dissociation curve)e AT}
QI3 2t AlR9| 2HE Ct U2 EEHE (standard curve)Of| CHISH DNA copy £/mlE AHASICEH

%—'.‘% UAIE2](4000 rpm/2min)sto] XS 22|51 QlAamp
2t S22|5tACH (8, 9). 80| & PRRSVY| AL, ORF72| 172

X
Z
o
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O

Table 1. Primer sequences used by real time PCR for the survey of porcine reproductive and respiratory syndrome virus (PRRSV)

and porcine circovirus type 2 (PCV2) in Korea

Pathogen Primers ('5-3’) PCR production Reference+
North American forward: 5' TGTGCCAGATGCTGGGTAAGATCA 172 base pairs Wasilk et al,
PRRSV backward: 5' ATTGACGACAGACACAATTGCCGC P 2004
European PRRSY forward: 5' TGGCCAGTCAGTCAATCAAC 603 base pairs Wasilk et al,
P backward: 5' AATCGATTGCAAGCAGAGGGAA P 2004
PCV2 forward: 5' GCACAGAGCGGGGGTTTG 168 base pairs Gagnon et al.,
backward: 5' ACCGCTGGAGAAGGAAAAAT P 2008

PRRSV, porcine reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 2; PCR, polymerase chain
reaction

RESULTS
PRRSV 2% A1}
=W =29 iR YEHo|A PRRSV £0| TAHE

get

I 2=0|Me 78.7% (70/89), At=0|

ME 96.6% (86/89)01A

Jl)lI
0Q Y
[

PRRSV &7t HE=|UC. PRRSV 50| &2t PRRSV ZFate| HadS 2O0H27| 2510 S0/t R PRRSVO oist S
O] Z2t0|HE O|&3t0] 21t A= YoM Bo|2{A9] ZA O{FE real-time PCRE O|&310] SSIRACE 1 21 2=0f
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M= 36.0% (32/89)01lAf PRRSV BIO|2{A SHAO| EQIE|Q D, 1 2 16.9% (15/89)7F 0|, SEAO0| 12.4% (11/89), 12

2 6.7% (6/89)0M S0IYM AP0l A0 HE0| =IUCL A=0ME= 83.1% (74/89)01M PRRSV HIO[2{A SHARO] S4Ql|

23, 20|H0| 28.1% (25/89), REY0| 24.7% (22/89), 12|11 30.3% (27/89)0M %Dlﬁﬁf FEUHO| SAl0] H20] =AY

Cf 2t 2E3 2R=0iM HEE PRRSV §0| A= oo 20| =[U7Lt il Eo2 ISty dME Zdez Z=FCt

(Table 2). =4 A=Q| PRRSV &Y ™2 20/ Ho|2{A9| 2R 53& (1671 &4), 778 (1570 &%), 108 (8 s3),
FHY Ho[HA9 FR 537& (1371 =) 1078 470 s&)0IM 242F =2 LEtdE &g 4 AUt (Table 3).

Table 2. Detection rate of porcine reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2), and

Mycoplasma hyopneumoniae (MH) antibodies and antigens in pigs during 2016-2018 in Korea

PRRSV pattern of sows PRRSV pattern of piglets PCV2 infection pattern| MH antibody pattern
Antigen Type Farm Antigen Type Farm
. . . Farm . Farm
Antibody North number|Antibody North number|Sows Piglets b Sows Piglets b
- European ~ European number number
American American
+ + + 6 + + + 27 + + 5 + + 46
+ + - 14 + + - 25 | + - 9 + - 22
+ - + 11 + - + 2 | - + 18 - + 15
+ - - 39 + - - 12 | - - 57 - - 6
- + - 1 - + - 0
- - - 18 - - - 3
Total 89 Total 89 Total 89 Total 89

Table 3. Age distribution of porcine reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2),
and Mycoplasma hyopneumoniae (MH) antibodies and antigens in piglets during 2016-2018 in Korea

Age (weeks) North American European PCV2 MH antibody
PRRSV positive PRRSV positive positive positive
1 4 2 0 6
2 0 0 0 2
3 1 1 0 1
5 16 13 6 13
6 0 2 0 0
7 15 15 5 3
8 0 0 1 1
9 1 0 0 1
10 8 4 4 9
16 4 5 5 12
20 2 0 2 9
21 0 0 0 1
Total 51 42 23 58

*Serum samples were taken and pooled from five pigs at each week of age (n=89).

12 Copyright © 2020 Journal of Bacteriology and Virology
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U 52| =4 8“’:‘40" MHol| Cist £0| ZHE =&t 2 EEO”Hh 76.4% (68/89), AH=0M= 68.5% (61/89)2
Ol MH &7t 22, 2= 2k 2F01M MH &7t A& E2+= 51.7% (46/89)2 LEiLe § 2=t Ak=
Ol MH &= 74zool =AUCE (Table 2). =W =HR[2] MHO|| Cist &3 2E FE2 1-21378 250 =2 HUERSLt
ZOIME E35] 128 (67 =2, 528 (1371 =2, 1028 (97 =2, 16323 (12 =21, 2028 (97) =20l ol Y=
2 LIELCE (Table 3).

N

o o g
[0 L 4n ox

HCV2 =4 21t

U &2l =i HollM Bio|3{A £0| Z2to|HE 0|85t PCv2e| ZAf 088 2=t 2k=2| YHO|M real-time PCRE

|-_|

0|2310) 2H3ICt 1 21 LEOME 15.7% (14/89), AHE0|AE 25.8% (23/89)2] A0 PCV27t AE%D, 2=
AE 2T AZE FRE 56% (5/89)2 LIEILCH RED A= DEO|A PCV2 HIO|2{A A AZ80| YYD REHCH: 2t
S0 HE280| U (Table 2), 2L 22 PCV2 2 AL A= 5-97H |4 A7|2 10-217PS=2 242} LIEIKIC
(Table 3).

2 ARo|M U Y= SO lR(olM 2| BET| YO AU FERSS BQISIGCE PRRSV £0| BA 23 A} 2
SOl|AlE 78.7%, AHEOIAE 96.6%01M HEE0] RED} A= DTN £ @ il A4S LIEIHAD, PRRSVO| CHEE S0
I3l0|HHE 0|2510] HIO[2{A s#Ato] 2 O{RE 2F5H 21t ZEO|ME 36.0%, AHE0|AE 83.1%00|A &ole|of ZEHC}
£ A=0|M £ Ho2A 2 gholgt 4 QUUCH MHO| CHEt S0| A 2s 2 REOME 76.4%, AE0lME

[Xe:]
68.5%2] BN ZEE0f e
Hlo|2{A st Zxf OfHE é

Of R A= ZR0IM Uiz U2 AHES Y 4+ URUCH

2E 25 =2 84 EES SHIF 4+ UALH, PCV20| CiEt E0| I2/0|HE 0|25}0]
2 o AAOM Z+2Zt &Qlz|0f PRRSVE: H|W G}

DISCUSSION

2 =2o| =hR|of|A PRRSV &Ale 2E0|Me 78.7% (70/89), AF=0|ME 96.6% (86/89)7 &%, PRRSVL| HiO[2{A
shAto] 22| OB E =27 ZI 2=0|ME 36.0% (32/89)0A BIO|2{A dHAL MO| EQIE|Qion, 0] 2 E£0|H0| 16.9%
(15/89), F8O| 12.4% (11/89), d2|1 6.7% (6/89)0M S0O[AL FHAO| SAl0| HE0| =UCEH ZAF=0(ME 83.1%
(74/89)01 A HIO|2{A SHAF QEAMO| EQIZ|QI D, O] 2 20|H0| 28.1% (25/89), SAFO| 24.7% (22/89), 12| 30.3%
(27/89)01M =0|Y FEHO| SA0] ZBE0| = ACE 0]2{F Zot= Kang & (1)0] 2012'F 9HOM 12&7R| HE Yo &
A 220 £5HE 230719 =2l FHES FAFI 2105 93.0% (214/230)2] PRRSV &3 A1 KAFSHRCE Hio|2{A A

£80| Cfgt AFZNE BH Lee S (3)2 20104 SHEE 20114 7E€7IA| QIHAY A2 20N =25 =HA| 288A
of | HHO|A PRRSVE HESI0 12.5% (36/288)2] HIO|HA HEES, Cheong & (10)2 oral fluids 214210M 52.3%
(112/214)9] PRRSV ZAE88, 12|21 Chu § (4)2 2006 3¥EE 2007 1172 HEAY L=29| HR|E9| HHHO
M 31.6% (55/174)2] PRRSV ZEE8S E1stRUCt & AF0Me L=0Me =2 A *o* 87 )zr HE0| 36%2| 4
2 Hio|HA HEES EoIstoR AMA| E1g|= PRRSVO| HO[2{A HEE0| H|sH 2L S 20| 4
QUCH Ol 22U 2 =fz|=2te| =HR|0f TS PRRSVEHAI HZ0| O|20{2|1 2SS & 4 o, OIE
225t Zie2 EojzIct,

00
Om:lo).l
>A_|9

B2 0z

Loo ot A O
n:l:lEETle

o =2 227HE

ot
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1 o
0 0
ro ol"
o]}

Chu & (4)2 Z2&=0|M2| PRRSV HIO|ZHA HEE 16.1%, A=0IAM2] PRRSV HIO|2{A HEE 58.3%2 22t Eston,

Ol Z=0f|A PRRSV BO[2{A HEE 36.0%, AH=0A PRRSV HIO|2{A HEE 83.1%S EQ 2 AFZC} HuFH 2|
2 Ci2Ct 82|2te 2006-2007 320 2016-2018H2] =L §2|0ilA PRRSVO CHS HiO[2{A AEE0| S7I6t A2 HTE
ct. oHH, i*LHOﬂH PRRSVZIHES S0/ PRRSVY RS PRRSVE LIF0] ZAMSH 227t o] 2 37t Hlud + Qe 2
A7t gloL, ZEOME 201F (16.9%) E20|, SEE (12.4%) FLL 228 L £ UYL, A=A 20/H (28.1%)
0], RYH (24.7%) 2Ct Ho2{A &RI0] A &2 %EE LIEfEo 24, ILHoME S0[Y0| S| Hlsl X7} ChH2
2 U2 A8 & 2 JAJUCH (Table 2). & Yo UBES 7ol &A= Wil Foist| o2 202 siFECiy & & U=,
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RSO BRI 90% OlAt0] £ BH YRS OOhE DEO|N YAl HZO| of5t0] HAIEl PRRSVO| TSt SOI&HH7} 2t
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577t A2&[0(M HWAo| 25 FIIoME WS YISt 5720 HIOHAS 34 FESt (1) T2t 2 A0lA PRRSV
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HECQYD, DEN Y= B HAEE HAR2E 56% (5/89)2 LIEIL RED} A= BFO0|AM CI2 $57| &k} H|Wsto] A&
OF Hio[2{A HEE0| YYD, 2E BL= A=E0M =2 HESS I & UL (Table 2). Kang & (1) 2012E 90|
M 12872 M8 94 23 £2 242 2005 I R2I0|M 76.5% (153/200)2] PCV2 HIO|HA ZEZ8S B15IUT, lee S
(3)2 2010 8EREH 2011 7EWA| QAHMR|HE A2 =2H0|M ZZE= 42| 28872 I HRHOIA 45.5% (131/288)2]
PCV2 ZE8S E13IYCL Chu § (4)2 2006\ 3EE 2007W 11272 HME2|SY0|M HMEZLHO2 928 A=ZF ol

Il

17452 I HHOIA 95.4% (166/174)2] PCV2 AEES E1st¥ 4, Choi & (15)2 2005E 20N 68 St 49 IS4
o =30 ZotE 8052l =R FTHOIM 55.0% (44/80)2] PCV2 ZEES 22 BRI 2 d7Zaet ojde| tg o

TZUSE H|Weto] & mff, (Y2 Cl2Ct &2(2tz 2016-2018E7A| RAFSH PCV2 HO|2{A HEE0| o|Me| syt
HIWSHY A5 43S & + UANUCH E8t Chu S (4)0] E1% ZE0|M PCV2 BIO[2{A HEE 89.2%, Ol A= PCV2 Hf
O[21A& HEE 98.3%%2t HIUWSHO= 2EUAM HEE 14.6%, A=0M HEE 25.8%=2 22 UEIH22MN 292 L=
A|2t= 2006-2007HELE 2016-2018H0] PCV2 BiO[2{A ZHH0| =2t OlFAE REROIA 282F ZULaE A2 UEIHSS

4 Qloic

e}

e ok

=U =219 PCV2 Y FH2 A= 5-9F8N |4 Al7|2l 10-212H0|M = LIEIR=EH (Table 3), s¥0|M= PCV2 4l
| 3

= =5 Y2 oIAS0= =75t 2=0|A Of~E A0 of5te] =0l M 370l &
ot W0 My E A =0 #0] SE¢ UAS FESHA| RSH0 HY Z[&7(ZH0| BOPMA S471Q 10-215730 bt
O[20f AALHO| £l A2 FYECH T2t A= 37E0| PCV2 HAS HEFO= =7512, SHAZIR 10-2178 O
Z0l| ABHo|HA ZEE0| LIEHE sZ0IMEe AEHAE 32H0| Ot 7-107d0| HEsk= 20| 2| o|3 &Ajof o5t
UEHYE 20M SEA7] L HISAZITIA] PCV2 ZHESE 2UHC= oY & & ATt 2L (16). £, 3 =39 £4
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4 PCV2 BIO[2{A0] FS HlOJ2{A AARISO] Of5t B Hol2AMAl S0I2 Qs B1Y 4ZIel o] Of22 ERi0]

2 HEoME s SYLE JHAOIM FEE A £ T FEES A S| AUATH T2HM SY JHAOIM A 2
ast ALERTE OFL7| W20 ME 2z AlZ|0f T2 FHC] ZF AlIZ|0| 2017t AS +~ UAS A2 WZEC) 5|2 22|
SYOIM SLE JHHE O8I 170N 21737 24sHM HES (ST 1402 = 4702 O|40| £22%7| W0
AlZO] @O| Z& =T ofLef, A =F0)| 0| WA7t HAte += U E5F 471 0|¢o =4 & S A 3o
M Z2AH7t &= A0 chet oy EE SOl tiet M2E Rote 2AI7F AL 22 OfL2h, 474E Ojde| =4 & 72t ¢t
CHE G2l 40| REE & 7| WR0 0|22 22= 22 20| O|YA0|A| M2 SO HESt=H B2
A|ofo| WELE of2{st 2AHIHE S5317| 2510l SYOIM LYAZ|0 FHLE2 JHA7t CHE =R |oA MES IS 245t
= YEo| 22| AHgE[2 Ut Est 0213 ZE 0|85t sHOM Y 2Eo| tigt HYHRE ZAGHH WY HE 52 &
St0f o st QACt

U LE Y2 A|0A PRRSV £0| &4 S 2t REMM= 78.7%, AL=0IME 96.6%0IA1 PRRSV A7t HEEUL,

MHOj| tHet 50| &S £e 2ot 2EOME 76.4%, A=0ME 68.5%2 BHOM MH 47t ZEEIA2H, PRRSVO

Chet 50| Z2fo|HHE O|&3t0] Ho|2{A0| ZA HEE SYet 214 2E0ME 36.0%, AH=0IME 83.1%0ilAf PRRSV H}O|

21A SHARO] SQIE|UM, PCV20Y| CHEH £0 Z2t0|HE O|5t0] Blo|2A0| 22 RS Y% 2 2R=0M= 15.7%, A=

OlM= 25.8%2] HA|OAM PCV2 BIO[2{A SHAHO] 242t &0l
2
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