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The correlation of porcine circovirus type 2
and porcine reproductive and respiratory syndrome virus
in Salmonella Typhimurium enteritis
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Porcine circovirus type 2 (PCV2) and porcine reproductive and respiratory syndrome virus (PRRSV)
are known as significant immunosuppressive viruses in pigs. In this study, we investigated the correla-
tion of PCV2 and PRRSV in enteric lesions of porcine salmonellosis. A total of 64 cases were classified
into four pig groups as group A (24 cases, S. Typhimurium), group B (11 cases, S. Typhimurium+
PCV2), group C (16 cases, S. Typhimurium+PRRSV) and group D (13 cases, S. Typhimurium+
PCV2+PRRSV). Comparing with group A, ulcerative enteritis in large intestine was little more prevalent
in the PCV2 infected pigs in group B and D. And lymphoid depletion in gut-associated lymphatic tissue
(GALT) of large intestine was also detected in PCV2 positive group B (36.4%) and D (30.8%).
According to the results of immunohistochemistry (IHC), PCV2 antigens (83.3%) were more prevalently
distributed in the intestinal lesions of porcine salmonellosis than PRRSV antigens (10.3%). PCV2 were
also detected in the lymphoid depleted GALT of the large intestine from 7 of the 8 pigs (87.5%), but
PRRSV were not found in all cases. It may explain that PCV2 can play a certain immunological role
to enhance secondary bacterial infection in porcine alimentary tracts.

Key words : Immunohistochemistry, Lymphoid depletion, PCV2, PRRSV, Salmonella Typhimurium
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oF 4UHIA] HAolA ASTHGriffith 5
2006). o]} GAFSE A7)0 HHAof ZrEo] wHAdF
ol A AHE FEshs Hiold A ARIA == PCV2
2} PRRSV7} QJth(Zimmerman 5, 2006; Opriessnig 5,
2007). PCV2= o] 85 HAl AHA ZFS4(postweaing
multisystemic wasting syndrome; PMWS)2] Q1A=
1991 FHuteholA] 222 A Hawglon, 1 o]
% A9 A AAHOR BAAET G o] o]
tHAllan %, 1999; Morozov 5, 1999; Allan 5, 2000).
ZU o A= 1998 PCV20|| ©|5F PMWS7} 22 ut
A B EQltk(Lyoo &, 1999; A -5, 2003). X|Zoll=
PCV2 o2 HAsk= PMWS, H#] a5 ¢ 9 4l
% £33 (porcine dermatitis and nephropathy syndrome;
PDNS) 59 thfet AW & F35ko] =A| #uf
o))~ I A H(porcine circovirus associated disease;
PCVAD)S 2 ®slal QIthAllan 5, 1999; Opriessnig
5, 2007). PCVADO]| A]*= PRRSV®} 2 12 oy
A /\ﬂ:ry_q 35+ 71—0ﬂo] 01u}z40]1:::1 o]l— PCVQ7]-
SEANESL} AL Alxe] A Eol MYE oA

AT el A BhE Bl e Ao HES 5

AAZ17] el Aoz dHA ek &, 2007;
Opriessnig 5, 2012).
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1998).
mebA B Aol A AFEeA o e zg

WA OFAFS Hol1l 9l A Eulﬂ.__oﬂ _L]_o].

9l PRRSV &3+ 7} (g oo} Amdlgl= ot

oE-.

SA=

# ATE At solahst ol elsta
oA S. Typhimuriumo]] &J3gF Atwdlalzo =z k3]
2= 2 PCV2 2 PRRSV ©]9]¢] t}2 177}
e 1I8FE A3t 6479 HA| M=t
2 AAsigh Amde}l B 749 osh POV2
PRRSV O] Z517¢d oflof A e x2 sk w9
L5 v 24517 fIste] & 4709 o g AAst
S tH(Table 1). S. Typhimurium T&= Z:}OQ,(AT}, 245,
PCV2&} &3t Zr9(B, 115), PRRSVE} &3t 7F(C
<, 165%), PCV29} PRRSVY 3% &3+ 74D, 13
F)OE Upo] 22 Y Hiole]A 3hlo] Fazel v
HO| AXF B|uskich

R Amdleso] Heke o ik Aldt Eg
AAF 2 23 a 4 A2 H-S(polymerase chain reaction;
PCR)S E|&, PCV2 ¥ PRRSV 4L PCR ¥ &
HAARE A PCR 7|H& “&oto] SHsIATHY & 2017).
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Table 1, Four pig groups according to infectious status

Group Diagnosis No. of pigs
A Salmonella Typhimurium 24
B Salmonella Typhimurium+PCV2 11
C Salmonella Typhimurium+PRRSV 16
D Salmonella Typhimurium+PCV2+PRRSV 13
Total 64
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Amdels o] /b A5 dehbs ggelA
PCV2 2 PRRSV &-¢19] Bz = 310151314} EnVision
peroxidase-conjugated polymer reagent (Dako, Glostrup,
Denmark)E ©]-&3}o] IHCE 4=3§35}%th PCV22] 7
- B D9 AR F 2475 422, PRRSVE)
ol CE D & 2975 o= IHCE A

A5} THTable 2).

g sebd 225 4~5 pm T = BPEste] silane
coating micro slide glass (MUTO PURE CHEMICALS,
Tokyo, Japan)ol] 2245} et 9 S48 & 7]
ok 24 Y AAHem EA )= peroxidaseE A
AsL7] ¢3te] 3% H.0.7} A 7}=l phosphate buffered
saline (PBS, pH 7.2)o] 1087t wh-3-3lg o, LA
o] R&e 3 0.05% proteinase XIV (Sigma, Saint
Louis, MO, USA)& 37°Co]| A 2087t HF-g-351%ich &
Hlo|HAE HAE38l7] 93t 12} &A= rabbit anti-
PCV2 antibody (Dr. Sorden, Iowa State University,
Ames, USA) 2! mouse anti-PRRSV (SDOW17) anti-
body (RTL, LLC, SD, USA)Z AF&3}at). 13} &=
antibody diluent solution (DAKO, Carpinteria, CA,
USA)S. &2 Z}Z} 1,0008] 2 50008 = 31435 o2 &
Hof| 25}ske] 37°Co A 1A1F WHg-3F3ATh. 23} A
& EnVision"/HRP, Rabbit/Mouse (EVN) reagent
(DAKO, Glostrup, Denmark)E £to|=of 2 35}5}1o]
37°Cof| A 40427t Hhg-5kiet. 2t dAE = vk o
+ PBSE 104 23]9] ZAA FA5H3A & v
o] Z HHLS 3, 3'-diamino-benzidine tetrahydro-
chloride (DAB; DAKO, Glostrup, Denmark)= HFAA]
7 3, 3% FR40lA e FAshh tags

2 Mayer’s hematoxylin (Sigma, Saint Louis, MO, USA)

Table 2, The number of tested pigs for the detection of porcine circovirus type 2 and porcine reproductive and respiratory syndrome virus using

immunohistochemistry

Target virus A (n=24) B (n=11) C (n=16) D (n=13) Total (n=24 or 29)
PCV2 - 11 - 13 24
PRRSV - - 16 13 29

*A: 8. Typhimurium, B: S. Typhimurium+PCV2, C: S. Typhimurium+PRRSV, D: S. Typhimurium+PCV2+PRRSV.

Table 3, Comparison of the frequency of histopathologic lesions in four pig groups

Tissue Histopathologic lesions A* (n=24) B (n=11) C (n=16) D (n=13) Total (n=64)
Small intestine Enteritis’ 20 (83.3%) 10 (90.9%) 15 (93.8%) 10 (76.9%) 55 (85.9%)
Necrotic enteritis 3 (12.5%) 1(9.1%) 0 (0%) 2 (18.2%) 6 (9.4%)
Ulcerative enteritis 1 (4.2%) 0 (0%) 1(5.6%) 1(9.1%) 3 (4.7%)
Large intestine Chronic enteritis 4 (16.7%) 2 (18.2%) 1 (6.3%) 4 (30.8%) 11 (17.2%)
Necrotic enteritis 6 (25%) 2 (18.2%) 1 (5.6%) 1 (9.1%) 10 (15.6%)
Ulcerative enteritis 14 (58.3%) 7 (63.6%) 14 (87.5%) 8 (61.5%) 43 (67.2%)
Liver Paratyphoid nodules 14 (58.3%) 9 (81.8%) 12 (75.0%) 7 (53.8%) 39 (60.9%)
Cholangitis 8(33.3%) 6 (54.5%) 7 (43.8%) 3(23.0%) 21 (32.8%)
GALT in large intestine ~ Lymphoid depletion 0 (0%) 4 (36.4%) 0 (0%) 4(30.8%) 8 (12.5%)

*A: S. Typhimurium, B: S. Typhimurium+PCV2, C: S. Typhimurium+PRRSV, D: S. Typhimurium+PCV2+PRRSV, ‘mucopurulent enteritis,

GALT: gut-associated lymphatic tissue.
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Fig. 1. Histopathologic findings of large intestine in pigs. A: Severe
ulceration (arrows) and submucosal infiltration of inflammatory cells
(open arrows) (Bar=200 pum). B: Necrotic enteritis with severe lym-
phoid depletion (arrows) at the gut associated lymphatic tissues
(Bar=200 pm). C: Severe lymphoid depletion and multinucleated
giant cell (arrow) were observed at the gut associated lymphatic tis-
sues (Bar=100 pm). Insert: Higher magnification of multinucleated
giant cell (Bar=20 pm). D: Note numerous basophilic intra-
cytoplasmic inclusion bodies (arrows) in infiltrated histiocytes of gut
associated lymphatic tissues (Bar=20 um). H&E.

I ATk HAP F HFA
H3t 2Pl & YER Al = slth
Hol A AA FolA AFAE EA(Fig
1A)0] 435(672%)2 7P Wol T on, Ty
A 9 AR AA(Fig. 1B)o] ZHzF 1157(17.2%) 2
105(15.6%) <=0 2 Folgct zF 2= FokA
ol Col A 7P wol 14%(87.5%)0l 4 HHs)
a1, Arrdake} PCV2rt &3 A% BHH(63.6%),
D61.5%) % Amyleh T5 AR AR(583%)
o) gow wAsl YTk Leld Cag Alaa
£ ERE B Ee) Aol A9 glsieh FAkg
Jae duda O dd2d A0l HE 2
3 FaEct Bo W WEs Holw gtk

Belzysty ywow seeEs 44 3
3(81.8%) Bl T (54.5%) HF Bato A @ol
oli Qlgiet. o] Hukaalo)
9] 2A B 317
2(Fig. 1B, 10)2 = S-r(12 5%)of| A zEE QIO
(Table 3), Amdletel PCV27L £ 78 Bt 4
wlzhel POV2 Y PRRS7} &8 2918l DA 2
7t 4%y golE ok WHe WY WEE Bio|
36.4%%2 D9 30.8%°] W|gle] tha Egkon, &
zbol= gidk 183l Bt D] AH-$- GALTO|
A A E(Fig. 10) B FeE 227 A=A
Woll Z=Fo] Kofo] Y94 & UA|(Fig. 1D)7F oz
7%= shith
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IHC ZArZDt

EEECRUERERS DR e L

£ lIst7] flske] PCV2e}F PRRSV 5o| &A1& o]
23 IHC 23} zHz} 20%5(83. 3%) 2l 3(10.3%) ]| A
o] HAEEQItH(Table 4). & HE PCV2: B

(90.9%)} D(76.9%)°l 4] 7m locm npole] 2 &)
o] HEE o] BoA e 2d Wkrt w7 wEE
AT} PRRSVE Cit 35(16.7%)0ll AWt Hlola] 2 &9

Table 4. Results of immunohistochemistry for porcine circovirus type 2 and porcine reproductive and respiratory syndrome virus in the large
intestine of pigs

Antigen B* (n=11) C (n=16) D (n=13) Total (n=24 or 29)
PCV2 10 (90.9%) NT 10 (76.9%) 20/24 (83.3%)
PRRSV NT 3(16.7%) 0 (0%) 3/29 (10.3%)

*B: 8. Typhimurium+PCV2, C: . Typhimurium+PRRSV, D: S. Typhimurium+PCV2+PRRSV, NT: not tested.
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?lo] ohelE]ArkFig. 24, 20). 1L}

PRRSV &¢l& F= GALTY 22 AlZdo] =

e o] HEE TKFig 2B). Y7 oo A= th3i A

Az Az 9 Erolel 2L woke] POV2 &

o] MaAY FUA AL Hiolg 2 o] HEY

I tH(Fig. 2D).

Amde Rt £ b uholeae] Abp

o Wws] Auns) gletel Awdeli BE

TgT

Fig. 2. Immunohistochemistry for PCV2 and PRRSV in the large in-
testine of pigs. A: The colon of Group B. Numerous positive reaction
for PCV2 antigens in the GALT and lamina propria (Bar=100 pum). B:
The colon of Group C. Positive reaction for PRRSV antigens in the
GALT (Bar=20 pum). C: The colon of Group D. Positive reaction for
PCV2 antigens in the GALT and lamina propria (Bar=100 pum). D:
The colon of Group D. PCV2 antigens were demonstrated in lym-
phoid depleted GALT. Note strong positive reactions in intra-
cytoplasmic inclusion bodies (Bar=20 um). Insert: PCV2 antigens in
the cytoplasm of multinucleated giant cell (Bar=20 pm). IHC.
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Table 6. Results of immunohistochemistry for porcine circovirus
type 2 and porcine reproductive and respiratory syndrome virus in
the lymphoid depleted GALT of pigs

Antigen B* (n=4) D (n=4) Total (n=8 or 4)
PCV2 4 (100%) 3 (75.0%) 7/8 (87.5%)
PRRSV NT 0(0.0%) 0/4 (0.0%)

*B: S. Typhimurium + PCV2, D: S. Typhimurium+PCV2+ PRRSV,
GALT: gut-associated lymphatic tissue, NT: not tested.

Table 5, Comparison of histopathologic lesions in large intestine between Sa/monella Typhimurium infected pigs and porcine circovirus type 2

positive or porcine reproductive and respiratory syndrome virus positive pigs according to immunohistochemistry

Tissue Histopathologic lesions A* (n=24) B & D (PCV?2 co-infected) (n=20) C (PRRSV co-infected) (n=3)
Large intestine Chronic enteritis 4 (16.7%) 5(25.0%) -
Necrotic enteritis 6 (25.0%) 2 (10.0%) -
Ulcerative enteritis 14 (58.3%) 13 (65.0%) 3 (100%)
GALT in large intestine ~ Lymphoid depletion 0 (0.0%) 7 (35.0%) 0(0.0%)

*A: S. Typhimurium, B: S. Typhimurium+PCV2, C: S. Typhimurium+PRRSV, D: S. Typhimurium+PCV2+PRRSV, GALT: gut-associated

lymphatic tissue.
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Rl A PCV2 g o2 ¢lst PCVADS] WA 7]
Axp Aol Al PCV27F FA 5= 7HE 8 Ao
e obz] &3] YA A 2th(Opriessnig
5, 2011). thA|= PCVAD T/ Hol= HA|ofA
A dehtes HHoRs gxy 240 T2
oA Yz ool dHA At ERHIHC ®
= AR EeH(in situ hybridization) & Z3F HA}
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