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Study on gross finding of lung lesions and
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The purpose of this study was to investigate association with gross lesions and causative pathogens of por-
cine respiratory disease complex (PRDC) including porcine circovirus type 2 (PCV2), porcine reproductive
and respiratory syndrome virus (PRRSV), swine influenza virus (SIV), Mycoplasma hyopneumoniae (MH),
Pasteurella multocida (PM), Actinobacillus pleuropneumoniae (APP), Haemophilus parasuis (HP) in slaugh-
tered pigs. A total of 1,200 lung samples were collected randomly from slaughtered pigs in Korea during
August of 2010 through July of 2011. The gross lesions were classified according to the six stages (0, 1~
10, 11~20, 21~30, 31~40 and =41, unit=%) and 48 samples from each stage were selected to detect vi-
ral and bacterial pathogens. The results according to the six stages were 100 (8.3%), 259 (21.6%), 326
(27.2%), 213 (17.8%), 144 (12.0%) and 158 (13.2%) cases, respectively. Prevalence of pneumonia accord-
ing to season was 87.0~96.7% and the highest prevalence was in spring. In detection of pathogens by
PCR, 53 samples were not detected any causative pathogens of PRDC. PCV2, PRRSV, SIV, MH, PM, APP
serotype 2, APP serotype 5 and HP were positive in 45.5%, 12.5%, 10.4%, 60.1%, 1.7%, 13.9%, 12.2%
and 15.6%, respectively. In co-infection, PCV2-MH was the most detected causative pathogens of PRDC.
The detection rate of PCV2 and PRRSV was the highest in spring, of SIV, MH and HP was in winter. The
detection rate of APP-2 and APP-5 had no seasonal prevalence. The more severe gross lesions increased,
the higher the detection rate showed.

Key words : Porcine respiratory disease complex, Causative pathogens, Co-infection
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o7 FEAYAA AAHor we Fasitt
PR 5 &7 A E S Z(porcine  respiratory  dis- (Brockmeier =, 2002). £3] $8vtets AldE 2,
Eay L=4¢) SHS Alslyl B = 1=z} =
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SPAstE(o] 5, 1999), oo W W ARAE
i, 48R, W, 0, 7Y, EFES 5 FE
Al AAFeR 2 £AS Y1 Urkel %

1999; Brockmeier -, 2002). A T57| A L7
= 8 Hpo]
porcine reproductive and respiratory syndrome virus
(PRRSV), swine influenza virus (SIV) S-o]H, F£Q A
TF+ O 2= Mycoplasma hyopneumoniae (MH), Pasteure-

2= porcine circovirus type 2 (PCV2),

lla multocida (PM), Actinobacillus pleuropneumoniae
(APP), Haemophilus parasuis (HP) 50| It} o|& &
PCV2, PRRSV, SIV, MH, APP 5 AUx}A HYAA =2
Frofste, ojx}H o 2= PM, HP 5-2] Alto] Hogh
th(Hansen 5, 2010; Muirhead, 1979; Brockmeier %,
2002). Ao A5 AAsh=tl olA WA 1t
o] A5 A= v T, o WA A E
Pe W TF7|HAA 0 H3E FA ol AHE T
2 ] A3 714 EchBrockmeier 5, 2002). 1 2]
T IEARE, EY, 25, 5% 59 SH8RlE
HH45HA ojsto] TEFVIEES FEAIXICK Curtis
2} Kelly, 1983; Muirhead, 1979; Straw, 1986).
PCV2+= O] QA=A Al A4 B A S5 (postweaning mul-
tisystemic wasting syndrome, PMWS), ]| 5 A1+
Z % H(porcine dermatitis and nephropathy syndrome,
PDNS), PRDC, uq/ux}oH 701:1:]]1]- jq-aqo] olo:q g<_]‘:_L
of]&= porcine circovirus disease (PCVD) ey
PMWS o]@]of i k= Atgol Azket msiE F=aL
tH(Haruna 5, 2006; Opriesnig 5, 2006). PRRSV+=
F71E AdEH dsdoer A 4o+ A
EBT o §AE W AL TR A7
o oHLR gl At Bk AR A A
o7 3971 Gek SVE 4, 244,
QA ABFAGE A7) vholH
1N1 H3N2, HIN2 subtypeo] A A|A =+ Ui
Fa ¢lom, o]F HINI subytpeo] 7} Uxb2
2 EZE1 QIth(Choi 5, 2002; Easterday, 1999).
MHE Seldom BAAEE £57148e 8
AEE dosle U=, Mo AT AYE U
OJAFZALS. Kol AL oy, EWHFL 9H=

mﬁ —10 }01' %0

ol
mlo
ﬂJ.4

rﬂ il Eloiv
E —

1o My > for Ok oF |7
Ol¢

[e]
Aro] glo] mgoz 7513,]—0]——‘: AL Wrh(Ross,
1992). MHE= 7|29 AR HX]'O]—@] ME_J &AF

o}lZtHDeBeyt Ross, 1994). F&2 23} 7FEHF o2
TR 3571 EES oS oSN 7= PMe=
A7t wjx 9 1 FFo| RSkl ot &

g, o, WUAS SOz o] oIS
off 2 slA Eoh(Pijoan 5, 1984). APP= F-uisH
& Yoyl YAz 4B Il AR o
7} MH, SIV 5ol o3t At AE o) 7]Q1%H 7]
U, 1, A4 4E So) ABAS dosT 4
el ot Hiatkoh Ed47 A o3t SAE A,
sohilg A% 5 At FAH w48 deqin
(Faik %, 1991; Pointon 5 1992). =+Ujof| 4]+ serotype

2,3, 4,5, 10, 128 0] &dF o 1304 serotype
2, 5(APP-2, APP-5)9] W Eo] o} 7P ZA|71 &
I UTHe| &, 2000).
|8 SAES = - 9 AtAAE B, =7Hd
4 R U2 ZolE YERH 39.7~90.6%2] th
Fol HHAIES BTN 5, 1995; & 5, 1985;
| 5, 1999; Falk 5, 1991; Gardnerﬂ- Hird, 1990).

TEEHEAAY 257 A3 FHEES F 5(2006)>
T 2% A PCV27} 51.0%7F eFAolet 319, 4 5
(2004)0] AFtolA= HAATE FE 21057 A
PCV29] oFAE©°] 68.1%= UEITH £ 5(2008)2
Lo A= =2Eo]|A PCV2, PRRSV, MHS] oFA&
o] ZFz} 93.8%, 17.5%, 17.5%= ZA}=]%th Hansen
£(2010)2] ¢15Lo A= PCV2, PRRSV, SIV, MH, HP,
APPO] OFAEo] ZHZF 957%, 4.3%, 1.9%, 78.4%,
2.4%, 0.5%°] 312, Morrison 5-(1985)2] Lo A=
Z3HE 334579 WS AASHO] MH, PM, APPS]
Hago] 22k 24.0%, 34.1%, 27.0%= e

o] A= I EFAol &5t HA A Y =
71499 HRIAY TR} LHAHEE Tofsial
P‘:‘ét‘ﬂﬂr ”3 ]ZﬂQ’H AdE A5k #H"H e

_EL

o

]

ML

1 2|25 9% 7| A =2 E8stal
E%XJ %6}501] gk 89k HAkel WA A&
st
ME Y e

Al =

20104 8YHEE 20114 7Y€ Abo] AAHFAA]of &
gt =2l EEHE HA F g 10054
Zrolg AATE 1200572 H= 32 5le] WE Hs}
HA Ao ARk
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ol Al Straw (1986)9) WHof uwhal 2
Y, 238, WAL 42 10%2] HF

+ o
T, 2§ WAL 22 25% 2 PRSI BHE
H

3, 31~40%<1 A& 4, 41% o4l A& 5= HFS
% th(Table 1).
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oM

£
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DNA % RNA F&: 20109 8L HE 2011 7€ A
ofof tid &<kA HAtel s HE &7t ©HA
Wa 4nu ARE Agel] 28850 g FAsks
of 5% PBS F-$018 AReIST AFS bbel
A QIAamp® DNA Mini Kit (Qiagen, Netherland)e}
RNeasy® Mini Kit (Qiagen, Netherland)E A}-8-3}¢]

b

Table 1. Interrelation between lung lesion score and gross lesion

Lung lesion score Gross lesion (%)

0 0

1 1~10
2 11~20
3 21~30
4 31~40
5 =41

Table 2. Diagnostic methods for respiratory pathogens in this study

DNA % RNAE F&35F3ith

Polymerase chain reaction (PCR): Ao A&S
f18}t0] Table 29} o] R g whgof wet primer2t
probeS ZFAJ3}o] real-time PCR (PCV2, SIV), nested
PCR (PRRSV, MH), PCR (PM, APP, HP)S 21|35}
EE SAHXE ZE3 thS, TAE buffer (40 mM
Tris-acetate, | mM EDTA, pH 8.0)& A& =2 A&-3t
2% agarose gelo|A] A7|F5S HAIRE %, 40 mM
ethidium bromide-&-Hof 4 gel S @A3}o] UV trans-
illuminator (Vilberlourmart, France)® AJAJE band=
sholshgc

SHIXZ

EAA 9] Afo]E dolH 7] J5}o] SAS version
9.1 (SAS Institute, Inc., Cary, North Carolina)2] Chi-
square test?} Fisher's exact testE ©]-83} 11, AIA
I} Z=AS dolr 7] 93l Cochran Mantel-Haenszel
testS o]}t

S0t 2L

ZE 1,2005F2] Hof it #HH
H X 4=1= Table 33} 29ttt
T(8.3%), 10] 259%(21.6%), 27

Ho| WA E
s %)%= 00] 100
| 3265%(27.2%), 3]

Pathogens Methods Target genes References
PCV2 Real-time PCR ORF2 Olvera et al (2004)
PRRSV Nested RT-PCR ORF7 Lyoo et al (1998)
SIV-HINI Real-time RT-PCR HIN1 Richt et al (2004)
MH Nested PCR Hypothetical Kurth et al (2002)
PM-A PCR ToxA Amigot et al (1998)
APP-2 PCR cps Schuchert et al (2004)
APP-5 PCR cps Schuchert et al (2004)
HP PCR 16S rRNA Oliveira et al (2001)

Table 3. Prevalence of pneumonia and lung lesion score in slaughtered pigs

Number of Distribution of heads according to the lung lesion score (%) Mean lung lesion
. Prevalence (%)
the lungs examined 0 1 2 4 5 score (mean+SD)
1,200 100 (8.3) 259(21.6) 326(27.2) 213(17.8) 144(12.0) 158(13.2) 1,100 (91.7) 2.43+1.49
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213%(17.8%), 47} 1445(12.0%), 57} 1585(13.2%) 2
Uebskom, HH A4 27} 272%E 7P =A UE
ek el MARS 91.7% (1,100/1,200), B
A G 24351492 LeRY),

AdEZE Jol 2905(96.7%), 5ol 265%F
(88.3%), 7}2ol 26157(87.0%), 720l 2847(94.7%)
7F AEHHS veton, &, 7FE, Agole HY
W22 27} ZHzb 775(25.7%), 80(26.7%), 94T
BL3%)E 7MY =A YEs o, o Soll= #H¥wA
2= 0] 785(26.0%) 5 7F4 =A LFeFFtHTable 4).

Haln A=
PCRS o] ?‘a WA A& tigh 23 Table
59} 2oxTt. ofs Aol A PRDC‘E o= Hhol
FoNA 7 7&% o] =& AL PCV2E 131%

(45 5%)7} A2 H(P<0.0001), PRRSVE} SIVE
247k 36%5(12.5%), 305(104%)0 A YA o2 HEE
Tk PCV2 (P<0.0001)2} SIV (P=0.0139)= w9
Ag= 404 7H wol HEESH, PRRSV (P=
09502 BE HWHAsA SR A

PRDCE Fddt= Al FolA 7 AEE°l %%
Ao MHE £ 1735(60.1%)7} FA oz A5
], PM, APP-2, APP-5, HP= Z}z} 5%(1.7%), 40T

(13.9%), 355(12.2%), 455(15.6%)°| A FAo=z #
25 %t MH (P<0.0001)2} HP (P=0.0357)+= #|*HHH
A= 3914, APP-2 (P=0.0039)= ¥ A4 594
7H wo] A&E|9low, PM (P=0.1382), APP-5
(P=01118)= WE Aol 4] Fol27h gt
o sebd A} WeA dEEae) A
A B, Cochran-Mantel-Haenszel testZ 7} 3 B ¥ %]
ol WA WEE AnAol Lol UEtap
<0.0001), trend testZ ¥} HHHA| 7} AA =718k
2 AzBol RolAE AL FAT + AUTHP

<0.0001).
370l AL

2~
T

% 4479 EFdo] A
3, 1 = PCV2e} MH_J S5kl o] 375(12.8%)
2 71 o] ZAFEQ) a9 PCV2¢} HP2]
SRHIE. POV2, HP, MHO] 9 ol wol 1}
E} 5 tH(Table 6).

Add PRDC AQIA|9] HEE-S Table 73 2L
t}. PCV2 (P=0.0035)2} PRRSV (P=0.0042)= &, SIV

o
A te:]
=

Table 4, Seasonal prevalence of pneumonia and lung lesion score in slaughtered pigs

Distribution of heads according to the lung lesion score (%)

Season Total P value
0 1 2 3 4 5
Spring 10 (3.3) 61 (20.3) 77 (25.7) 53(17.7) 39 (13.0) 60 (20.0) 300 <0.0001
Summer 35(11.7) 78 (26.0) 75 (25.0) 52(17.3) 36 (12.0) 24 (8.0) 300 <0.0001
Fall 39 (13.0) 74 (24.7) 80 (26.7) 39 (13.0) 26 (8.7) 42 (14.0) 300 <0.0001
Winter 16 (5.3) 46 (15.3) 94 (31.3) 69 (23.0) 43 (14.3) 32(10.7) 300 <0.0001
Total 100 259 326 213 144 158 1,200
Table 5. Detection of major respiratory pathogens in selected lung samples with different lung scores
Lung lesion score 0 1 2 3 4 5 Total P value
Number of the lungs 48 48 48 48 48 48 288
No causative pathogens detected (%) 37 (77.1) 9(18.8) 3(6.3) 2(4.2) 12.1) 1(2.1) 53 (184) <0.0001
Infected causative pathogen (%)
PCV2 2% (4.2) 22 (45.8) 27 (56.3) 25(52.1) 32 (66.7) 23 (47.9) 131(45.5) <0.0001
PRRSV 5(10.4) 5(10.4) 5(10.4) 7 (14.6) 7 (14.6) 7(14.6) 36(12.5) 0.9502
SIV 1(2.1) 1(2.1) 9(18.8) 5(10.4) 9(18.8) 5(104)  30(10.4) 0.0139
MH 5(10.4) 30(62.5) 30 (62.5) 38(79.2) 33 (68.8) 37(77.1) 173(60.1) <0.0001
PM 0(0) 1(2.1) 0(0) 3(6.3) 1(2.1) 0(0) 5(1.7) 0.1382
APP-2 3(6.3) 4(8.3) 3(6.3) 8(16.7) 7 (14.6) 15(31.3) 40(13.9) 0.0039
APP-5 1(2.1) 3(6.3) 7 (14.6) 6(12.5) 8 (16.7) 10(20.8) 35(12.2) 0.1118
HP 0(0) 9 (18.8) 9(18.8) 11(22.9) 9(18.8) 7(14.6)  45(15.6) 0.0357
Total 17 75 90 103 106 104 <0.0001"

*Number of detected causative pathogens, TP value for trend was calculated by the Cochran-Mantel-Haenszel test.
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Table 6. Major co-infection patterns of respiratory pathogens in selected lung samples with different lung scores

Lung lesion score 0 1 3 4 5 Total P value
Number of the lungs (%) 48 48 48 48 48 288
No. (%) of lungs with co-infection
PCV+MH 1*2.1) 6(12.5) 8(16.7) 11(22.9) 6(12.5) 5(104) 37(12.8) 0.0697
PCV-+HP+MH 0(0) 3(6.3) 1.1 3(6.3) 2(42) 12.1)  103.5) 0.5511
PCV+HP 0(0) 2(42) 4(8.3) 0(0) 2(42) 12.1) 9(3.1) 0.1742
Total 121 1129 13Q271) 14(292) 10(20.8)  7(14.6) 56 (19.4)
*Number of detected causative pathogens.
Table 7. Seasonal prevalence of the causative pathogens
Causative pathogens Spring Summer Fall Winter Total P value
PCV2 44* 26 25 36 131 0.0035
PRRSV 17 3 7 9 36 0.0042
SIvV 4 3 7 16 30 0.0014
MH 34 42 44 53 173 0.0142
PM 0 5 0 0 5 0.0035
APP-2 9 15 4 12 40 0.0535
APP-5 8 14 4 9 35 0.0857
HP 1 12 15 17 45 0.0011
Total 117 120 106 152 495 0.0011

*Number of detected causative pathogens.

(P=0.0014)} MH (P=0.0142)= 7L, PM (P=0.0035)
= 9%, HP (P=0.0011)= ALl 7P HEEC] &
oFom, APP-2 (P=0.0535)%} APP-5 (P=0.0857)= # &
of W& folx7t

ER.

1o AAstaL e 4F A =W 24
Fog AJEstiA AlRaEEN SAHES AHste A
AHMIE 3, 3 9 AR o] ofgleld Ao
2 W Yot 221 AWE SWA7|H Z4E &
F71dHo e dd A= gAY =St
tlgtze AAbo] A xR AE o] AlR ago] A5
AstE|al FAE EdF dgo] 2ol digh FAA
£4Z A "Rl &, 2000). PCV2= o] 3t 4t
< YEh = PMWSE] F8 31 F9 R 2| EHE
i glown thEZFY Al PRRSVU MH 53t 53
aa Al WeAdel $7ehe Ae® HiEal itk
E3L ol fAtE 9 SAES AR, A8tE, &
Zag 29 o4lsl= PRDCE PCV2, PRRSV, SIV,
MH, PM, HP, APP 53}9o] BEFFIH O o]0z

=1

o
N
E=)
y
=2
oy
E
R

Itto] o] P (5= &, 2008; Hansen

=, 2010; Opriessnig =, 2008). o|&3t T35 7| AHE
2A317] YA = HA S3= 557 A ke
QIAIE ulelsl= ZAo] Adx]ojoF 3tct. 1L dA)
= of| A ““ﬁo}h O]Eﬁ?‘i 5?;2

79 nﬂg:—
g Adstel gzt PRDC °J°liau S}
AGE Fo] 52 2AGIL, ol B3| Keyun

HE Setd ez HARE A} #HE A= 00] 100
F(8.3%), 10] 259%(21.6%), 27} 3265(27.2%), 39|
2135(17.8%), 47} 1445(12.0%), 57} 1585(13.2%) =
Uebgton, HRH A 271 27.2%% 7P =4 UE
Wk i HAAES 91.67%, Bt HRHAe
(Mean+SD)+= 2.43+1.492 UEMGTH AdEHZE= &
96.7%, A& 94.7%, 915 88.3%, 71 87.0% o2
B2 YRS ko] AU mE Fol7t 919
iHon mxES) Hyw WYES 7Y U
FAER AP Aot e Aom drefHrh(Lium,
1991; Mueller and Abbott, 1986). Gardner®} Hird (1990)
o] AFoHE &k L1755F00A 83.7%2] =g
HAES HAsHAl, Falk (19919 AFtollA=
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ol

90.6%2] #HHH LYES Hislo] o|H Afe} #
ArgE AikE Bk o] A9 Hh 5(1995)2 39.7
~50.2%, ©] S(1999)L 80.0%, . S(1985)L 58.9~
71.4%°] #H¥H WAES Huserh AdEEE
Gardner?} Hird (1990)2 71204 7H =& HIE
2 E._J_.O]' 11, Scheidt 5(1992)& A&l 96%= 7}
A =8 7129 81%E 7MY W& UAE-S, Boessen
S(1987) ofSHTE ALl EdtE =HAA 40%
o4 A WA RStk = o] A9 Bt
5(1995)9] Atolxl= AAE F Zpo|7t gldlon,
o] 51999 AL, 7h=, o5, w9 «o= w2
AES UElen, o] 5(1997)9] dAtollA= AL,
w50 =1L 7hS, of o8 ATtk B skl
FE7F ol Al EH 25719 dmel Huto] A
wlo] QR ERE S WA 9 HUS Wolstr] flgt
A2 #8750l AshEL, e st
= slgAS 33 WS RS9 A% Aol o
AT ofy et WA o o]2d 9 Yol 8ol
3lchal 819 th(Bickstromd} Bremer, 1978; Baskerville,
1981). o AtoA= Aides Azt i A
= =2 HEH PAEC] HuEl=T ot A
3 oA Be FER Q) welo] AslEL, 7H
o] Bt} fola|x Ay} HHo| ¢t AYzisich
tﬂ"lxﬂ Arkel A9 2 5200609 AFtoA= =

= 51.0%7} PCV2 Sk o2 o]¥ L9} u|2=3}

.:E"'\_.

2n nasslon, 4 SQ0HS ATl B
A oFH 210704 PCV29| FdEC] 68.1%=
oWl ATETE Be AT Uehyth  5(2008)]

Ao A e ==Zoj A PCV2, PRRSV, MHQ FAE
o] ZFz} 93.8%, 17.5%, 17.5%= ZA}E]9)1l, Hansen
=(2010)2] A4 PCV2, PRRSV, SIV, MH, HP,
APPO] oFAEo] ZFZ} 95.7%, 4.3%, 1.9%, 78.4%,
24%, 0.5%2 o] A9t upRI AR PCV29)
A7 8 dIAEEY =2 HEES HEHWA
t}. Morrison 5(1985)2] AFoA= &3= 33459
HE #HARIo] MH, PM, APPO] « e]&o] 717t
24.0%, 34.1%, 27.0%= UEFGIL, 2 5(1985)2 &3}
%94 5895~71.43%7F HHAHHE Ko, HH
H 5 ulo|ZEek=ntg g o] 85.22%¢} ko o A
HET 52 Be&S HYon, #H(1992)9] A=
SohHE 94T T ABF(51.1%)7} mpo]l&ek=nt HE
o7 ol MKt tha W FejsS Hth

ol AH3E Fd PRDC tigh ooz 53]
PCV29} MHe| tfgt ¥4l 9 Xz of gt A7} X

Ao R A Eojof & Aoz AYzRgict E3 7]
5(2005)0] GAlefoto A A At PCV2 HUHE
2 28.1%, TFE SARAE AW I S-S 25% 2 F
AMEI AL, Park 51(2005)2 YAILT] HE 65
PCV2 ZZAAZE T 7~212 o] ZE mEo] A %A}
S Yoyl AL et oyt A+EAE
u)Fojf wf PCV27} FEAoll Al WA s of 7 é_‘t‘é
I #JHo] S o 4= 3o, olF {3 WA
Q=] Xtpar A ZFE) E5h
F=49] st ‘3—! Ackste] AHFor 7+% i%ﬂ
o7 AAAY o]F WA}
A g Aol gt
T7F o|FolHof & Zo g AYztgict.

O

=2 ™
w24 ZejHixe] W SRS el
I8l 20101 8HFH 20119 7H7HA] 1A AHF
Od*loﬂ 2ARE EEAoA =5 A 1,20072] )
£ oo goby Al YR dES o Avk
EP%T} Fisieeg
I 89HE PAE Ba AHHASS 0, 1, 2, 3, 4,

59] eHA = B=3t Ay} 7474 3%, 21.6%, 27.2%,
17.8%, 12.0%, 13.2%2] x5 Jehfglch

2. EEEo|A A- T uﬂ‘“/j U E2 87.0~
96.7%% A% = THES Blon o] 7MY =
< I ES YEloh

3. PRDCE {45} Hpolg|2 QIAo] tigt 4
282 PCV27} 455%% 713 =9Fom PRRSVE}
SIV A&E82 247 12.5%, 104%3Ath AldA el
Aol gt AEES MH7} 60.1%= 71 %9rom,
PM, APP-2, APP-5, HPO] H&E 7ZtzZt 1.7%,
13.9%, 12.2%, 15. 6% gct 1g]3 PCV29 MHO] &
SHrE0| 12.8%= 7Y l;_%]\-];].

4. AFHERLE PCV29} PRRSVE &, PME ¢
SIV, MH, HP= Aol 7 AEE°l &%
APP-28} APP-5= A& oE {23171 glolnt.

5. HHHA e HEA Y HEE 7+
o] low, HHWHAF7l Zold4E HAA Y HE
E°| S7stsitt

=
=
U:L
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3|2 28: 267-273.

I

WAk =R, DA A, sk £, AEA. 200
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dhlE 2| 523], 2, oA, o]f-Ad. 1995, FEEEAS

= G R R EE e )

T2} o AlElE] %] 18 103-112.

S EA, YA, U 1985, FFHEY njolmZekant 7Y
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