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Rl A F2A4 ALY H FH (proliferative and necrotizing pneumonia; PNP)
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Table 1. Histopathologic lesion scores for PNP in lungs

Normal Mild Moderate Severe
Proliferation of type 2
0 1 2 3
pneumocytes (A)
Inflammatory cells
0 1 2 3

necrosis (B)

Table 2. Criteria for the grading system of PNP lesions

Grade Mild Moderate Severe
PNP score 9 4~4 6
A + (B
3. SgsSAdMEE

D AR AR A

i

RNA #pol¢f =2l SIV HINI, HIN2 2 H3N2E A=3H7] $18te] N1, N2ol| of
3 AAANE A FHE LA S (reverse transcriptase polymerase reaction;
RT-PCR)¥ DNA mio]z| =9l ADVel tidh PCR& AAIskaivl A4 HAALE
9ste] -70Ce] WE nyg #g xAH9 o
distilled water(Invitrogen, USA)<} 1:10 W] &
& o] &3

RNA2] F%< RNeasy” Protect Mini Kit(QIAGEN, GmbH, Germany)Z ©]

S3Ae. FAY 200 w2 RLT buffer 350 & E3+s &, 70% ethanol 350
w08 A7Fske] Mini columnel] 700 pe] wh&oRS Y 4T, 10,000 rpmell A 30

£ 213 3le] DNase RNase free
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Z7F f4AEY Y. Collecting tubeW] €98 A A3FaL columne] RW1
buffer 700 & ¥F3 5 4T, 10,000 rpme. 2 tFA] 30%7F 44 E7 3k
Columnel] &) WA &=E 4T, 12,000 rpmel A 18- 94E2 3 column
& AMEZLF 15 ml effendorf tubeoll ¥ 3. RNase free waterE 40

4T, 12,000 rpme.2 1323k A& gt HF F5=S RT-PCR HAE A4
3l7] AR -70CA A WEsrd s,

DNAFZL G-spin™ DNA extraction kitGQNtRON biotechnology, Korea)& ©]
S3tsieh AlEe A5 200 wol G-buffer 400 pS & EF3 thd 70Tl A
1083+ ®}x)8}al binding buffer 400 WE #H7}8Fe] columndl 800 wE ¥
12,000 rpmeoll Al 153 A2 3} Collection tubeol| oj3¥ R4S A A
I 500 ©le washing bufferE #5359 12,000 rpmel A 1#3F 4482 3t
A7) HAE 13 53T A2 1.5 ml effendorf tubedl columng 23l 100
m{ 2] elution bufferE #7}3te] 13,000 rpmol A 187 A& =S 39 &

FEE2 PCRAA A7bA -70TlA ¥Eu % 39l

K

o
L

o

2) Oligonucleotide primer®] A2}

SIV N1, N2¢] #%S 93 primers Choi 5 [4]9] B o] F=3to] A 2}F315] o
H(Table 3), ADV #HZS 93 primer:= o] 5 [29]0] AAg A7 do =3}
o] A|2t3} A ThH(Table 4).

3) RT-PCR ¥H&-zx71

SIV NI, N29] #&& 93 whex71L FF3 RNA 2 w AFsaA 3k
nlo]l# 29] primerE 27 0.5 ¢ (20 pmol)

£ RT-PCR premix(Maxime RT-PCR premix, iNtRON biotechnology, Korea)
of A7}t HEF Hbg8o] 20 wrt HEE AT SIVE 95ToAA 1583

2 DNase RNase free water 17 ul



4) PCR ¥h&-x4

ADVe] A&S 918 w2708 %3 DNA 2 o ADVE primer #7205
1 (20 pmol) ¥, DNase RNase free water 17 p¢ & PCR premix(Maxime PCR
premix, iNtRON biotechnology, Korea)oll #7}3te] <& wkg&2ko] 20 w7l 5

&tk ADViE 94Tl A 583k wh&-3F th& 94T, 65C B 72Tl #2445
%, 30%, 4524 303 wWHEEHaL HF T2ColA 1083 ¥kt ke S
£ PCR Thermal Cycler Dice TP600(TaKaRa, Japan)$ ©]-&3}5]t}.

5 PCR ¥ RT-PCR 4F=¢] 9]

gke =g & Zbzbo] dHkg-of 7 S 159% agarose geldol A A7 dE-S A A
3l U} ethidium bromide £°8(0.5 wl/ml in DW)°e 2 <IA3eth UV
transilluminator(Mupid-Scope WD, TaKaRa, Japan)® Z+zte] A Ao 3l &
o]l MER[RHF-E Fstdlon, FFaES] A7]E Flstr] 93kl 100 bp

DNA Ladder(iNtRON, Korea)E molecular size marker= ©|-83}31t}.
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Table 3. Oligonucleotide primer pairs for the detection of SI viruses

Size of
Subtype Primer Sequences (5' to 3Y) amplified
products (bp)

HINI NIF GGG TCC AAA GGA GAC ATT TTT G -
NIR  CTA TCC AAA CAC CAT TGC CA

HIN2 N2F TGC GAT CCT GAC AAG TGT TAT C .
H3N2 N2R CAG ACA CAT CTG ACA CCA GGA T
Table 4. Oligonucleotide primer pairs for the detection of AD virus
Size of
Agent Primer Sequences (5" to 3Y) amplified

products (bp)

o ADS /A CGT ACC GCG CCC ACG TGG CC B
ADS /B GTC GGT GAG GAT GTT CAC GC
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MR Hxe] #HAFANA PCV2 @ PRRSV @99 &%
Envision polymer reagent(Dako, USA) W o=z THCE 3. A% )

T

9 ZAE 4~5 um FAZ AHE ] silane AE LEfol=o] B3 & duetd
2 g AS Axon, 24 W €43 endogenous peroxidaseE Al A 37
&l 3% H:0-7} #71¥ phosphate buffered saline(PBS, pH 7.2)o] 10#3F W&
A AT} viele AE Zlsr] 913 14 A ZF rabbit anti-PCV2 antibody 2
mouse anti—-PRRSV(SDOW17) antibodyZ AF&3F31tH Table 5). o5 FAE *
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A §1ell Aststo] 37TColA 1AF Mgk ths 22k Al 4083 v A AT vE
So] #W 3 PBS FAHE AA 3, 3'-diamino-benzidine tetrahydrochloride
(DAB; Dako, USA)= @At oH, thxdML2 Mayer hematoxylin(Sigma,
USA)o.2 dAstaith dAlo] € x4 £golays BoAn 4oz sty

Mpolel s ele) BEE SAsh md AF 24 ) volels gee] PuE

vef(srad), T (mantdd) 2 AmHA) 54 A 7HH sHoeE AE

2

Table 5. Primary antibodies used for the detection of PCV2 and PRRSV

Target

1 Antibody Source Dilution Antigen retrieval
Antigen
Rabbit lowa State . Protease X1V 0.05%;
FCK2 anti-PCV2 University, USA 1 B 10 min, 37°C
Mouse South Dakot: .
) OuLly &8 Protease X IV0.05%;
PRRSV anti-PRRSV ~ State University, 1 : 5,000 )
USA 10 min, 37T
(SDOW17)
—_ 9 —_
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Table 6. Histopatholgical classification of pneumonic pattern for 50 lungs with

PNP according to the age groups

Groups
Pneumonic pattern
4~8 weeks 9~15 weeks Total
Interstitial pneumonia 9 11 20
Bronch-interstitial

) 19 11 30
pneumonia

Total 28 22 50

Table 7. Histopathological grade of PNP lesions in lungs according to the age

groups
Groups
Grade
4~8 weeks 9~15 weeks Total

Mild 12 7 19
Moderate 15 12 27
Severe 1 3 4
Total 28 22 50
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1) 24 Wl PRRSV % PCV2 a2 X XA}

PRRSV$F PCV2el et Bo| A& o] &3 #7% ol &9 & A= Table
83 #vh PRRSV @ PCV2 ©@53¢l 7iAl= 22 197(38%) B 67(12%) 1 A
AZHAh PRRSVEF PCV29e] E3H 2 197(38%)= Sl = Slvt. 22y 6°F
kvl dA Aoz PRRSVY #A9=

Ay

(1296)o) A= wpolelx o] HEFH=
A7 86%(38/44) = WER PCV2 A& 57%(25/44)9l v]3te] w9 =2 v&
S A AUk AdHFERE 4~8FH 9 ofd AAeA PRRSV EE PCV2

dEggdo]l RS v &(60.8%, 14/23)% AAsHs W 9~15FH ol A= F who]

b
rir
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Y
)
o
o
=,
=
Ruj
XL
o
A
&2
0
-
M,
2
ol
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Ax7Z u AANEZE FEdA FE8HoR HEHANoY, dF-9 A=
2

A (Fig. 10).
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Table 8. Detection rate of viral antigens in 50 lungs with PNP lesions

Groups
Antigen
4~8 weeks 9~15 weeks Total

PRRSV only 12 7 19
PCV2 only 2 4 6
PRRSV + PCV2 9 10 19
Virus negative 5 1 6
Total 28 22 50

Table 9. The result for viral antigen positive reactivity in 50 lungs with PNP

lesions
Groups
Antigen
4~8 weeks 9~15 weeks Total

Mild 11 4 15
Moderate 6 7 13

PRRSV
Severe 4 6 10
Total 21 17 38
Mild 1 0 1
Moderate 7 7 14

PCV2
Severe 3 7 10
Total 11 14 25
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2) PNP W% Aol wpol#] s &9l et 37

A AAER ge)xz4std PNP ¥R Axet w3 =2 U PRRSV ¥
PCV2 3¢ TAxe] FaAdS vusvhFig. 1. #1744 PNP BHe] A
7b A AsE PRRSVE Wd s Fvkshs A4S dEbla Ao (Fig.
1A), PCV29] AS% diAlz A3 A3E JetdlAch(Fig. 1B). 33 PRRSV
o] @5 A PCV2%te] &3 S vt da PNP ¥we A7t A
5= F o Z59 A PRRSVY @3 mrt FUbskA R, @E el H] 3t

PCV2el &9 #A¢dd Aol F o F3 Fds Beola UvHTig. 1C,
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PNP - PCV2

PNP - PRRSV

12

10

(s7) }oquinu ase)

E PNP +

10

(8¢€) Ioquunu ase)

B PNP +

PNP - PRRSV+PCV2

PNP - PRRSV only

7.
PRRSV++

PRRSV++

6

(61) Ioqunu ase)

B PNP +

Fig. 1. Correlation between the viral antigen positive reactivity and the

severity of PNP lesions. PNP-PRRSV (A), PNP-PCV2 (B), PNP-PRRSV

single infection (C), PNP-PRRSV, PCV2 co-infection (D).
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Hoh 9~16F8 o tol £ ZHAN68.2%)004 Y-S wWolA= A IS HERHATE o
213 FAgL2 nolE s o WA Add & APo] Wopd wEh HE H
Wol mhdsleo] WA Ao ofsfeTt

Flutrhell A= 1988 718 o] ¥ Quebec 79 Manitoba 79 Y=ol A 7]&
o ¢zl A v JuHe 557 dHo] FE olf Aw H FAEd
A3t [2, 18] #H ol Ae] W wxye] vEE el A4 wHole
of Al 28 HAXAEY FAH AXT W ASAHEEY IArE EHA0Z e

3L Qo A A gEs B2 o] AWS PNPE g9t} [18]. PNP2

018 FHsl7] sk A3 A A Al SIV HINI, H2N2 2 H3N2 o}3 7} I

olHAE AET F A FIHS o] &3 HEIFIA A F 548 9
& ol = FZ A}

3
a9tk [18]. & AP AES PNP WHS 71x= # A oA n}
oy ~E st FAANETH AAE BEUE A2 #ME SIVZE PNPe| 99
A& W (6, 211 2 frAREE Al7lel AvtrhelAlE oA WA el A
W AEol A B35 S sk AR Aol EAAHNeH, o] HH
A= PRRSVZ A AT} [17]. o] # 8 34 Larochelle 5 [15]<
PNP ®H-g 7FA = ok A& 385l st =298 34 #H3ds hgoz nt
ol YL AL Az 28%F o)A PRRSV7ZE AE® Wb SIVE & 15004
T AEFAY. 2822 SIV BUHE PRRSVZE #l A4 PNP W Ao &

o
o,
rO

o oags BEgel e Atk v 98 Aol 74%] PNP
WS 7 & o]fAl=S Ude= #HAE XAolA PCV2, PRRSV, SIV %

ADV &9 = ks 2wy g3t Ay 47 85.1%, 44.6%, 4.1%, 14% = A&
HAeS Hastgdtt [11]. o] & PCV2 @574 e 39.1%, PRRSV @57do

-

41% % vERon U] 46%9 ¥ Zo A= PCV29F PRRSVE v #3F SIV
= ADVZE &3 AdEH] 8-S AAESTE wEa Hu A9yE g
Ho A= =% PNP WHoo| PCV27l 8 HAAR 2831 QS-S 543 nf

AT}
< atellAl= PNP BRE 7FA A 9l olirAks s Wi e = PRRSV,
PCV2, STV & ADV 44 E= 4S8 AAekloy, SIvel ADVE d 4
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h¢l| Wk PRRSV 9 PCV2 @592 2b7) 1957(38%) ¥ 67
(129), 7 wlel#xe] E3grdo] 195(38%)= el A4 o2 PRRSV7L
385(76%6)2] #H Aol A AZEH o] PCV2A25T, 50%)°] W8] & ZdeS wola
ATt ole} ZE A= 28%F =H A PNP WHWeA PRRSV w5 39.3%(11
F), PCV2 ©@% 14.3%(4%F), PRRSVSF PCV2 T37d 286%((8F)7 A=¥
2010 olefE] ATAES] Eael v AR AEeds & AT [19] L
HEE AFolM= sx1e PNP Wwl dAel glojA PCV2Et PRRSVZF B+
LS AT S-S FAT £ AUk HZ Aol mEW Fu] 2 A
= PRRSV7} feollAl& PCV27E =l %]¢] PNP W®l Ae 5 8oz zh&
33l ol MaEa v} [8 111 ol#A AGE=Z e of & AR Aol
=)

PRRSV Hi= PCV2E Q18 Wl o) o], Azt 4, e AR 54, @
4 HOARFEE el VIQdskal gl AR kA ST [9, 11, 12]. 53 AT
& N5 3l FEZolAE F93 PRRSV ®rh 50]d PRRSVZE & 4

ABHA At S17] wiEel PNP ¥Rl @] #dojshi= wlol# vt Hrjsh &
7

A siAe) QPR plol el g9l PFE WWE A 4~8FHe v

_

A olgl AT dEEHe] 60.8%(14/23)% E2 v &S AA s wkd

9~15F B ol 4= PRRSVSE PCV2e] Eshgddo]l 47.6%(10/2D% v S 7ksh=

S UErlSlth B3 PCV29] 4§ of®l AT 9~ 1558 9] JiAl el

A EFH B AEES UEATE JF A4 LD oA 4-8FF A

T R ES AF 0SS JEATh HF 24 dielA g 2E NEE v
73

hC,)_
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Legends for Figures

Figure 2. Lung. Note fail to collapsed lung with rubbery consistency, and

red to grey in color.

Figure 3. Lung. Lung had cranio-ventral consolidation and fail to collapsed

diaphragmatic lobe with rubbery consistency.

Figure 4. Note typical histopathologic pneumonic patterns of interstitial

pneumonia (A) vs. broncho—interstitial pneumonia (B). H&E.

Figure 5. Lung. Note markedly thickened alveolar septa and the presence
of necrotic inflammatory cells (arrows) in alveolar lumen (A: mild, B:
severe). H&E.

Figure 6. Lung. Alveolar wall were lined by proliferative type 2
pneumocytes (arrowheads). Necrotic inflammatory cells (arrows) were

presented in alveolar lumen. H&E.

Figure 7. Note PRRSV antigens in the lungs with PNP (A: mild, B:
severe). THC.

Figure 8. PRRSV antigens were appeared in the cytoplasm of macrophages
in alveolar lumen (A), alveolar septa (B), and necrotic cellular debris (C).
THC.

Figure 9. Note PCV2 antigens in the lungs with PNP (A: mild, B: severe).
IHC.

Figure 10. PCV?2 antigens were appeared in the cytoplasm of macrophages
in alveolar lumen and necrotic cell debris (A), dendritic cells in BALT (B),
and peribronchiolar fibroblasts (C). THC.
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The Etiology of Proliferative and

Necrotizing Pneumonia in Pigs in Jeju

Jae-Hoon Kim

(Supervised by professor Jae-Hoon Kim)

College of Veterinary Medicine

Graduate School, Jeju National University, Jeju, Korea

Abstract

Proliferative and necrotizing pneumonia (PNP) is a form of interstitial
pneumonia that occurs in post-weaning pigs. PNP is characterized by
hypertrophy and proliferation of type 2 pneumocytes and presence of necrotic
inflammatory cells within alveolar lumen. Various viral agents have been
related to PNP etiology, such as swine influenza virus (SIV), porcine
reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type
2 (PCV2), and Aujeszky's disease virus (ADV). In this study, we
investigated the presence of SIV, PRRSV, PCV2 and ADV in PNP lesions in
Jeju pigs and the correlation between the distribution of these agents and the
severity of PNP lesions. Based on the histopathological criteria for PNP, a
total of 50 cases were selected from 183 pneumonic cases in Jeju pigs
between 2008 and 2010. Selected cases were classified into two groups
according to their age (4~8 weeks and 9~15 weeks). The presence of SIV
and ADV by polymerase chain reaction (PCR) and PRRSV and PCV2 by
immunohistochemistry (IHC) was investigated. Grossly, most lungs with PNP

were enlarged and not collapsed with red to grey color and rubbery
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consistency. According to histopathologic grading for PNP lesions, mild,
moderate and severe cases were identified in 19 cases, 27 cases and 4 cases,
respectively. Based on the PCR method, SIV and ADV genes were not
detected in all cases. According to ITHC, PRRSV was identified in the lungs
of 19 cases, PCV2 in the lungs of 6 cases, and coinfection of both viruese in
the lungs of 19 cases. Both PRRSV and PCV2 antigens were commonly
observed in the cytoplasm of macrophages and clusters of necrotic cells in
alveolar cavities. Taking into account the presented results, we suggest that
PRRSV is possibly the major etiological agent of PNP in Jeju pigs. There
was close relationship between the reactivity of PRRSV antigens in the lungs
and the severity of PNP lesions. Co-infection with PRRSV and PCV2 may be

enhance the severity of PNP lesions in affected pigs.

Key words: pig, porcine reproductive and respiratory syndrome virus, porcine
circovirus type 2, immunohistochemistry, proliferative and

necrotizing pneumonia
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