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Abstract

Porcine salmonellosis is an economically important disease affecting the
global pig industry today. Salmonella (S.) Typhimurium is highly contagious,
and infection may rapidly spread within pig populations of herd.

To investigate the infectious rate of swine salmonellosis in Jeju, a total of
12,885 blood sera of 96 pig farms from 2009 to 2012 were analyzed by
microplate agglutination test. Antibodies to S. Typhimurium were detected in
all of pig farms in Jeju, and the mean seropositive rate of individual pigs
was 18.8%. The mean seropositive rate of salmonella in sows (46.7%%) was 7
times higher than that of weaned or growing pigs (6.7%). The lowest
seropositive rate (3.0%) was detected in 40 day-old pigs that might be
closely associated with the marked decrease of maternal passive immunity.
The seropositive rate in winter (42.7%) was higher than in other seasons.

According to survey using 1,191 pigs from 2003 to 2012, 155 pigs (13.0%6)
were diagnosed as salmonellosis in Jeju. Major porcine salmonellosis cases

(88.4%) were focused in 4~12 weeks-old weaned pigs, but 6 pigs (3.9%)



under 4 weeks—-old were also diagnosed. Based on the histopathologic
examinations, ulcerative enteritis (63.9%) in the large intestine and/or
paratyphoid nodules formation (57.4%) in the liver were most prevalent
lesions 1n porcine salmonellosis.

Single infection of S. Typhimurium and mixed infection with more than 2
pathogens were detected in 38 (24.5%) and 117 (75.5%) in pigs, respectively.
Co-infections of porcine reproductive and respiratory syndrome virus
(PRRSV) and porcine circovirus type 2 (PCV2) were very common in porcine
salmonellosis in Jeju and detected in 84 (54.2%) and 59 (38.1%) pigs,
respectively.

Based on the serotyping tests using 41 bacterial isolates, S. Typhimurium
and S. Rissen were confirmed in 39 (95.1%) and 2 (4.9%) cases, respectively.
Two pigs infected with S. Rissen showed similar histopathologic lesions such
as ulcerative colitis and paratyphoid nodules in the case of S. Typhimurium
infection.

In this study, we applied MALDI-TOF MS to identify S. spp. from isolated
bacteria using porcine large intestinal contents or feces. A total of 41 strains
were confirmed as S. spp. by MALDI-TOF, and this was consistent with the
results of polymerase chain reaction (PCR). MALDI-TOF MS has great
benefits such as reducing the time for identification less than ten minutes and
easy system to operate.

To examine the presence of S. Typhimurium and viral antigens such as
PRRSV and PCV2 in enteric lesions of porcine salmonellosis, 64 cases were
classified 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 also lymphoid depletion in

gut-associated lymphatic tissue (GALT) of large intestine were detected in

_iv_



PCV2 positive group B (36.4%) and D (30.8%).

According to the results of immunohistochemistry (IHC), PCV2 antigens
(20/24 pigs, 83.3%) were more prevalently distributed in the intestinal lesions
of porcine salmonellosis than PRRSV antigens (3/29 pigs, 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 : IHC, lymphoid depletion, MALDI-TOF MS, PCR, PCV2, PRRSV,

Salmonella Typhimurium



List of Tables

Chapter 1

Table 1-1. Number of pigs examined for seroprevalence of S.

Typhimurium in Jeju from 2009 to 2012

Table 1-2. Annual seroprevalence for Salmonella Typhimurium in
tested pigs
............................................................................................. 11

Table 1-3. Seasonal seroprevalence for Salmonella Typhimurium in
tested pigs

............................................................................................. 12

Table 1-4. Regional seroprevalence for Salmonella Typhimurium in

tested pigs in Jeju

Chapter 2

Table 2-1. Oligonucleotide primer sets for the serotyping of Salmonella

Spp.

_Vi_



Table 2-2. PCR condition for the serotyping of Salmonella spp.

Table 2-3. Meaning of score values by matrix assisted laser desorption

ionization time of flight mass spectrometry

Table 2-6. Annual prevalence of porcine salmonellosis in Jeju from

2003 to 2012

Table 2-7. Seasonal prevalence of porcine salmonellosis in Jeju from

2003 to 2012

Table 2-8. Prevalence of porcine salmonellosis according to pig ages in

Jeju from 2003 to 2012

Table 2-10. Frequency of clinical signs associated with porcine

= Vil -



salmonellosis

Table 2-11. Frequency of gross findings in major target organs of

porcine salmonellosis

Table 2-12. Frequency of histopathologic lesions in major target organs

of porcine salmonellosis

Table 2-13. Infection status of Salmonella spp. and other pathogens in

155 pigs in Jeju

Table 2-14. PCR results of Salmonella species analysis using bacterial

colony and paraffin block

Table 2-15. Number of isolates identified as Salmonella spp. by matrix
assisted laser desorption ionization time of flight mass spectrometry

analysis

Chapter 3

Table 3-1. Experimental pig groups according to infectious status

- viii -



Table 3-2. The number of tested pigs for the detection of porcine
circovirus type 2 and porcine reproductive and respiratory syndrome

virus using immunohistochemistry

Table 3-3. Primary antibodies for the detection of porcine circovirus

type 2 and porcine reproductive and respiratory syndrome virus

Table 3-4. Comparison of the frequency of histopathologic lesions in

four experimental groups

Table 3-5. Results of antigen detection for porcine circovirus type 2
and porcine reproductive and respiratory syndrome virus in large

intestines using immunohistochemistry

Table 3-6. Comparison of histopathologic lesions in large intestine of

experimental pig groups

Table 3-7. Result of antigen detection for porcine circovirus type 2 and
porcine reproductive and respiratory syndrome virus in lymphoid

depleted GALT using immunohistochemistry

_ix_



List of Figures

Chapter 2

Fig. 2-1. Annual prevalence of porcine salmonellosis in Jeju from 2003

to 2012.

Fig. 2-2. Co-infected pathogens associated with the case of porcine

salmonellosis in Jeju.

Fig. 2-3. PCR products of Salmonella Typhimurium from isolated

bacterial colonies.

Fig. 2-4. PCR products of Salmonella spp. from isolated bacterial

colonies.

Fig. 2-5. Spiral colon showed severe diffuse thickening. Note multifocal

pale to white foci in the liver.

Fig. 2-6. Note diffuse fibrinous exudates (A) and multifocal to

coalescing ulceration (B) on colonic mucosa.



Fig. 2-7. Pig showed marked abdominal distension associated with

rectal stricture.

Fig. 2-8. Note severe distended mega-colon (A) and rectal stricture

(B).

Fig. 2-9. Colonic mucosa was covered with diffuse fibrinous exudates
and necrotic cellular debris. Gut associated lymphatic tissues showed

sparse lymphocyte population.

Fig. 2-10. Severe ulceration (arrows) and submucosal infiltration of

inflammatory cells (arrow heads) in the colon.

Fig. 2-11. Severe Ilymphoid depletion were observed at the gut

associated lymphatic tissues in colon.

Fig. 2-12. Note numerous basophilic intracytoplasmic inclusion bodies

in infiltrated histiocytes of gut associated lymphatic tissues.

Fig. 2-13. Paratyphoid nodule in liver. Insert: Note infiltrated

macrophages and lymphocytes in necrotic foci.

_Xi_



Fig. 2-14. Cholangitis and bile duct hyperplasia (arrow) were observed

in the portal triad of liver.

Chapter 3

Fig. 3-1. The colon of Group B. Numerous positive reaction for PCV2

antigens in the GALT and lamina propria.

Fig. 3-2. The colon of Group C. Positive reaction for PRRSV antigens
in the GALT.

Fig. 3-3. The colon of Group D. Positive reaction for PCV2 antigens in

the GALT and lamina propria.

Fig. 3-4. The colon of Group D. PCV2 antigens were demonstrated in
lymphoid depleted GALT. Note strong positive reactions in
intracytoplasmic inclusion bodies. Insert: PCV2 antigens in the

cytoplasm of multinucleated giant cell.

= Xii -



1836 Smith®} Salmon< A &4 (classical swine fever)2= HALE =] X
AN A (Salmonella; S.) 4 <1 S. Choleraesuiss %= £ 3ATt
[Molorny ‘&, 2001]. atx e} & -2 Ul Al i ZH(Enterobacteriaceae)ol| <3k
aFSAe B4 IV o= S, bongori 2 S. enterica® U th o] 2719

F(species) & AlEI FEANA B

o,

S Wl & S entericaol™, o] F
S gAl 6709 o}F(subspecies; subsp.)Ql enterica, salamae, arizonae,
diarizoanae, houtenae % indica® T&Ht} o] Fo| 7Md EAA He olFe
S. enterica subsp. enterica®l™, o] WAELS HY, WEH P Hx| ol uljz}
= 9 AEE [Koneman %, 1997; Popoff %, 2004]. A=} #Ao 39
& A 3L (O-antigen), AR3Y(H-antigen) ¥ 37 %3 (Vi-antigen)
o] ¢Jom Kauffman-White serological scheme®] &J3] Aol & Ao FEH
i At [Edwards¢t Ewing, 1986]. @A 7HA] &zl g2 <F 25000 Fol
Aom 1 F 2000]F0] WA we WAS Holx 9t} [Baggesen 5, 2000;
Chiu &, 2005al.

Ardebats s3] g A&Ho] Hoju F SolAo] v TA 1A
B AR FEEHA 7RI T SolAde] e wA @4 Y S. enterica

=
subsp. enterica serotype Typhi (S. Typhi) % S. Paratyphi== A}29ll, S. Dublin

rlo

%, S. Choleraesuist= %%, S. Pullorum % S. Galliharum< Y, S.
Abortusovis= ¥l ZHAETH & SolAdo] ¥ dAH Yol = S. Typhimurium %
S. Enteritidis7} S A eln, o] #AESE AlES EFe 79 BE T8 74
Hol F9 2 ™ dAl 71t} [Baggesen 5, 2000; Rabsch %, 2002].

[e}
=
S. Typhimurium< A<l A AAAHe=R FxEstal o gk a4, 4

! ’ [e] ’ ’

2R, AAF T rRe] Rl gyl 3, APF, F2 5 HUAC
53] Aol AE A4FEE F2% 5 ] Wil FFRAFHOR WS Fa

ol
o
)
Q
=
(¢
wm
o]
DO
(@)
o
I\
&
o
w
(@)
=
e}
DO
(@)
(@)
oo
<
Q
=]
-,
=
=
D
=
(@)
=]
[e]
DO
(@)
O
NS

>~
>,
o
=2
>
1>



ofsta glov], vFN AL AA WY HFE F of 30%F A5 vk [Taitt
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Table 1-1. Number of pigs examined for seroprevalence of Salmonella

Typhimurium in Jeju from 2009 to 2012

Year

Animal Total
(age) 2009 2010 2011 2012 (96 farms)
(34 farms) (35 farms) (55 farms) (30 farms)

Gilt 248 244 408 220 1,120
< P2 300 301 510 275 1,386
P3 < 300 298 510 275 1,383
20 D 743 711 1,224 660 3,338
40 D 325 297 510 275 1,407
70 D 324 299 510 285 1,418
100 D 325 298 510 285 1,418
130 D 325 297 508 285 1,415
Total 2,890 2,745 4,690 2,560 12,885

P: parity, D: day
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Table 1-2. Annual seroprevalence for Salmonella Typhimurium in tested pigs

Year
Animal Subtotal Total
(age) 2009 2010 2011 2012 (n=12,885)  (n=12,8%5)
(n=2,890) (n=2745)  (n=4690)  (n=2,560)
Gilt 163 (657%)° 60 (24.6%) 87 (21.3%) 58 (26.4%) 368 (32.9%)
1,816/3,889
< P2 220 (33%) 116 (385%) 199 (30.0%) 141 (513%) 676 488%)
. (o)
P3 < 237 (79.0%) 138 (46.3%) 246 (4829%) 151 (54.9%) 772 (55.8%)
0D 56 (75%) 34 (48%) 46 (38%) 12 (18%) 148 (4.4%)
40D 24 (74%) 4 (13%) 12 (24%) 2 (07%) 42 (3.0%)
602/8,.996
70D 53 (164%) 23 (77%) 11 (229%) 6 (21%) 93 (6.6%)
(6.7%)
100 D 64 (197%) 32 (107%) 28 (55%) 9 (3.29) 133 (9.4%)
130 D 92 (283%) 33 (11.1%) 40 (79%) 21 (74%) 186 (13.1%)
Total 909 440 669 400 2418 2418
ot (31.5%) (16.0%) (14.3%) (15.6%) (18.8%) (18.8%)

* sero—positive pigs (%), P parity, D: day
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B2 427%9 A YAHES YERI, & 223
I QA (Table 1-3). HAAFS =
Holt7} Fdd dAAsIA R H

Zrbele AT JET

=
X

ra

FollA Azl

Table 1-3. Seasonal seroprevalence for Salmonella Typhimurium in tested

pigs
Season
Animal Total
(age) Winter Spring Summer Autumn (n=12,885)
(n=260) (n=3,734) (n=2,961) (n=5,930)

Gilt 15 (68.2%)" 121 (36.9%) 70 (27.8%) 162 (31.3%) 368 (32.9%)
< P2 22 (84.6%) 218 (53.3%) 142 (44.4%) 294 (46.0%) 676 (48.8%)
P3 < 20 (76.9%) 268 (65.7%) 148 (47.0%) 336 (53.0%) 772 (55.8%)
20 D 15 (21.4%) 55 (5.7%) 21 (2.7%) 57 (3.7%) 148 (4.4%)
40 D 5 (17.2%) 17 (4.2%) 6 (1.9%) 14 (2.2%) 42 (3.0%)
70 D 7 (24.1%) 43 (10.6%) 9 (2.7%) 34 (5.2%) 93 (6.6%)
100 D 14 (48.3%) 49 (12.1%) 18 (5.5%) 52 (7.9%) 133 (9.4%)
130 D 13 (44.8%) 62 (15.3%) 39 (11.9%) 72 (11.0%) 186 (13.1%)
Total 111 833 453 LO21 (17.2%) 2,418

o (42.7%) (22.3%) (153%) O (188%)

* sero—positive pigs (%), P parity, D: day
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Az A FAHAES v A3 AAEZALL AFAZE 47 191% 2
186% = e} & xfo]E Ho|X &= &kth(Table 1-4).
AAL 93 E FHEE AFA 667 sF 2 OAMAXA 30 F EF S

Typhimurium & 44 sdo=2 gyt

Table 1-4. Regional seroprevalence for Salmonella Typhimurium in tested

pigs in Jeju

Location
Animal Total
(age) Jeju-si Seogwipo—si (n=12,8%5)
(66 farms, n=8,308) (30 farms, n=4,577)

Gilt 261 (36.3%)" 107 (26.8%) 368 (32.9%)
< P2 439 (49.3%) 237 (47.9%) 676 (48.8%)
P3 < 513 (57.3%) 259 (53.1%) 772 (55.8%)
20 D 96 (4.4%) 52 (4.4%) 148 (4.4%)
40 D 21 (2.3%) 21 (4.2%) 42 (3.0%)
70 D 41 (4.5%) 52 (10.3%) 93 (6.6%)
100 D 70 (7.7%) 63 (12.5%) 133 (9.4%)
130 D 103 (11.3%) 83 (16.5%) 186 (13.1%)
Total 1,544 (18.6%) 874 (19.1%) 2,418 (18.8%)

* sero—positive pigs (%), P parity, D: day
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a9

b Q] ZF el Aol IMAE] HAib= ST Hlste] AwstA vERG
t} [Griffith 5, 2006; Wilcock &, 1976].

offAb=ol A AwrderFit Fsjolste AW oRE #A AP (swine
dysentery)} s # Z214 &< (porcine proliferative enteritis)o] Ut A} 9kAk
o A5 #HA A= dAd B EEA AALR e 9, ArdgFo) A=

chel B4 AAE w4 FH4 FPe Aol FA wE A4S B

oA = FEY Ardetse] dig B AU daEe] vk BAL 4
Toll o8ty HA wFT =5GolA el ARl 319975 EHPS A
3 A3} S. Derby(773)7F 7V ®<kar S, Infant(41757), S. Enteritidis (207 ),
S. Typhimurium(18% ) o= ALt [H &, 1986]. A= 10743 =
Ao} HAAL TS Hole HAZRY ARdudtS FEsta 1 PSS v
s Ay AAbete #HANA 10779 dAE EEEHAeH, 1 F S
Typhimurium¢! Ro= AP FHJY [Lim &, 2009]. 7|} #F=Z+ S
Enteritidis 95°, S. Schwarzengrund 252 215 dtt. webd A= &
S. Typhimuriume] =4 =2l AAle] 7}H4 AAHSA FHEHA A5S & F
UAATH Tk AR AP Ardet A7 AN 2 s AdE e Ao
2 FAEA

Andzl #Ae T4 WHowE o B 3 A3 AN API A E, niold)
2 PCRe] &2 o] &% t} [Baggesen &, 1996, Barry &, 1990; Griffith &,
2006; Villasante 5, 1987]. # <ol MALDI-TOF A& Ho] At 54 &FoF
qE &=l & glom FA FAH LQHE AIte] & oJWE Jhe

|
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A Almel ik WAA AAs Al vlolgl a2 FEete] Akl A
7IMs wdste] AAstdTh 538 AR A AQlAI PCV2 S gxlst
71 #18ke] S} E A A H-S(polymerase chain reaction;, PCR)¥ < %2 3}8F

< A1 (immunohistochemistry; THC)= 3391 th. PCR-2 Larochelle 5 [1999]
o] A|AE PCV2 wlol#] 9] open reading frame 2 FAAE HZF357] 15t
A ZE primerE AbE3F o™, [HCE rabbit anti-PCV2 antibody (Iowa State
University, USA)E o] &3}%th. PRRSV &9 A= 97HAE A PCR (reverse
transcriptase PCR; RT-PCR)¥} mouse anti-PRRSV (SDOW17) antibody (South
Dakota State University, USA)ZE o] &3 [HCE AA5tth 7]1EF vlolgl A2 )
A Q1= F =} vlo]# ~(swine influenza virus), cytomegalovirus 5< PCR HEi=
74 & 3331 A W (indirect fluorescent antibody test) 52 3 3le] gelslglc).

A Aol A% RA A BAR 7 Gr)e) WwEReN FEdow x4

o

A ske] dH wjA] 2 MacConkey agar plate (BD Difco, USA)el] =g3lo] o

A S AFE Gt =Ee wj A= 37T A 24~48A13F &<t vl Fstd
o} ArdeitS &4 7237] $18e] Rambach agar plate (Merck, Germany)
= AFESFY o™, Actinobacillus pleuropneumoniae®t Haemophilus parasuisi=
chocolate agar plate (HANIL KOMED, Korea)o] =23t % candle jarg ©]&
3to] #AS 28 A ). Streptococcus spp.s A A A F2E HA A
A %k I Axl 9 ocatalase testE Eote] &t ¥ AE(Coccidia)S

a4 g dgel W@ WexAsE A

-1 7

i
offt
ofs
ol
2
o
o2
o
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r o
ofs
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AAGE G717 9% BHo) wEs o] detwl L% =
WAE F JouE EW 24 AAY H, 1 o|¥9 2% AWL DNA FF
& Amz Adasn. 24 A9e o 10 m FAZ Ao, A G 3~

g
571e] e Hir® 15 ml eppendorf tubedl] @] DNA F&F H7pA] A2 A

DNA %% TaKaRa DEXPAT'™ (TaKaRa, Japan) ©]&38t¢ith @ o
o1+ 15

e, 10T A 1087 FHshgith DA sb By ARE 4T, 12000 pmel A
1087 fA e stslch. 947t B¢ Ass 459 2dd 49 sga

5% 2A2A AT F DNAZH £8 359 70 i AEE AR ste] A

nl eppendorf tubeol 05 mle] DEXPAT™Me4S 7lslz 2 &3 st

[0

2% 1.5 ml eppendorf tubedl &7 Atk DNAZF 23td ASHS HAF 27t
A =70CAA HpstA T

3) Oligonucleotide primer®] |2}

S. Typhimurium, S. Choleraesuis % S. Paratyphi CZ %#43}7] 93 primer
i Table 2-19] A3 7| Foll =3l A 2tslsd .
4) PCR ¥+$ =74

drdet F4S fste]l Aol F=3% DNA 2wt 2H2he] primer 1
wW(20 pmol) % DNase RNase free Distilled water 16 ulE AccuPower
HotStart PCR Premix (Bioneer K-5050, Korea)ol| #7}sto] HZFuwr$ &8Fo] 20
w7k F=E &tk PCR W& 272 Table 2-2¢9F o] AAslon, PCR
22 Dice TP600 PCR Thermal Cycler (TaKaRa, Japan)< ©]-83}$t}.

e T8 & o] whgd 8 WS FH3Fe] 1.5% agarose gel Aol A 7]

dES AAE S RedSafe™ Nucleic Acid Staining Solution (INtRON
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biotechnology, Korea) £(05 w/m¢ in DW)e=z HJAsAT. UV

&
transilluminator2 ztz}o] WA gk So]AQl W= {55 st

Table 2-1. Oligonucleotide primer sets for the serotyping of Salmonella spp.

Species Primer Sequences (5" to 3Y) Size (bp) Reference

AAC AAC GGC TCC
STMA497-£

Salmonella. GGT AAT GA 310 Kim et al,
Typhimurium TGA CAA ACT CTT 2006
STM4497-13
GAT TCT GA
Salmonella FlinC_F AAG GAA AAG ATC
Choleraesuis and ATG GCA CAA 063 Chiu et al,
Salmonella FlinC-R GAA CCC ACC ATC 2005b
inC-
Paratyphi C AAT AAC TTT G

Table 2-2. PCR condition for the serotyping of Salmonella spp.

PCR condition

Species
Pre-cycle . .
) Cycle reactions Post extension
heating
Salmonella. i ) 95C for 45sec, 63°C for 30sec, i )
. . 94, Smin 3 72T, 3min
Typhimurium 72°C for 30sec (30 cycles)
Salmonella
Choleraesuis and i ) 95C for 45sec, 55C for 30sec, i .
94, 10min . . 72T, Tmin
Salmonella 72°C for 1min (35 cycles)
Paratyphi C
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3. Serotyping

PCR 7IHo=® FAHA &2 A4rddt ¥+ Salmonella-O¢ H I3 A
(Difco, USA)& o] &3dto] Al A4S st dAZLY 42 dujA oA
ole] el AlFEetE AMHAs] FASHANE R HASATH HREde] At
i+ BHI (brain heart infusion) brothol w1 & A& A1 ¥ (Tube-test) o2
H A Phase I &9& AAFSI . Ditch plate methodE ©]83e] Phase II 3¢
ArE s Th Phase T &¢o] F%% 5+ Phase I YA FIHE& o] &3}

of AlgH AFgHo=E AAEkAd. HAF & HFE serotyping

rlo

Kauffmann White scheme®l| wg} G239t [Edwards¢t Ewing &, 1986].
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MALDI-TOF A ZFEXHE& o] &3 Salmonella. spp. A& HE

2. MALDI-TOF R ZFEAMH HA}

T #F 4142 48] 91ste] MALDI-TOF d&d&AWS 483ttt

A2 Rambach agar plated] ZE@alo] 37Col A 48A17F 5 7] w3t e A3

Aol wrba Hehe YA ot AN FAZ AWl gL 4 #Fo|
gl AR FEWOE AAE MM AP s U ShE ol gd

o] Rambach agar plateoll /] 28 A4S A= 1~2715 A3 3] MSP 96
target polished steel plate (Bruker Daltonik GmbH, Bremen, Germany)$] Z+
wellel #H ZEgsle] b6 &9k AXAZ ¥ 1 e matrix solution (a
~cyano-4-hydroxycinnamic acid solution)& Hojma] AZXAIAA =353
FEHE A A JF 1~-270E5 AFAS o 15 m FE S/ 300 ulEs
Y EFAI F 100% ol fes HIbekloh 2 FEE 16,000 x g&2 2#7F 9
Akt AR & A5 AS AASIL 70% formic acid®l acetonitriles

50 pb A7rst] AREF AT ThAl 16000 x g2 283F AR s A
= 2 WE MSP plated] Z welld] =%3&o] Ax3 T S8}
MALDI-TOF¢| &gt #41-& MALDI Bruker microflex LT instrument (Bruker
Daltonik GmbH, Bremen, Germany)2} MALDI Biotyper 3.0 softwareZ ©]-&3}
Ak BAE Ay % 2-33 o] A&E BAEM, 20004 o)l A$ #9
o Faakdt.

ol

rr
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Table 2-3. Meaning of score values by matrix assisted laser desorption

ionization time of flight mass spectrometry

Score value Strength of Identification Achieved
2.300-3.000 Highly probable species identification
2.000-2.299 Secure genus identification, probable species identification
1.700-1.999 Probable genus identification
0.000-1.699 Not reliable identification

3. PCR &AA}

Table 2-4. Oligonucleotide primer sets for the detection of Salmonella spp.

Size
Species Primer Sequences (5" to 3Y) (bp) Reference
P
) TTA TTA GGA TCG
Replicon P1
CGC CAG GC Widjojoatmodjo
Salmonella spp. 163
AAA GAA TAA CCG et al, 1991

Replicon P2

TTG TTC AC
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Table 2-5. PCR condition for the detection of Salmonella spp.

PCR condition

Species
Pre-cycle )
. Cycle reactions
heating

Post extension

95T for 30sec, 52C for 30sec,

Salmonella spp. 94°C, 5min . )
72°C for 1min (30 cycles)

72°C, bmin
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A ARYHE TALYE 24

ale

1. SX ADdES wyAe

B 2012 10€7bA] 1,191 2] #AAE HAREE 23 155%(13.0%)

—l

2003 7€

1z

Audszow vy AAE dude BReol AN A3, 20061(28.1%)

7F 2009 (3.8%)7FA] Ak wropxl F 2010 o] ol =

N

X
o3l
52
flo
i)
o
o
s
ea
)

o] a1 A tH(Table 2-6, Fig. 2-1).

2
i}
o|\
N
ol
ol
rlr
o
o
o
f

Table 2-6. Annual prevalence of porcine salmonellosis in Jeju from 2003 to

2012

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total

I\g;'g;’f 78 91 126 135 138 114 185 136 97 91 1191

No. of
salmo-— 9 9 25 38 18 1 7 19 12 17 155

nellosis

% 115 99 1968 281 130 09 38 140 124 187 130
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Fig. 2-1. Annual prevalence of porcine salmonellosis in Jeju from 2003 to

2012.
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1 AndgFzor Ady o2 AdERE EFsle] B A3 oF 36.1%
2 7t ®ol At Ao, Ho] 252%, A= 7S] bzt 19.4%
Z Y e Y (Table 2-7).

Table 2-7. Seasonal prevalence of porcine salmonellosis in Jeju from 2003 to

2012

Season Winter” Spring Summer Autumn Total
No. of
. 30 39 56 30 155
salmonellosis
Prevalence
194 25.2 36.1 194 100
(%)

*Winter: December to February, Spring: March to May, Summer: June to August,
Autumn: September to November

Table 2-8. Prevalence of porcine salmonellosis according to pig ages in Jeju

from 2003 to 2012

Ages
< 4 4-8 8-12 12 < adult Total

(weeks)
No. of pigs 6 &9 48 9 3 155
% 39 574 31.0 5.8 19 100
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ATFEE ATFTAL AAEXAS F PAFFoz FEste] drderso
A A Ay A FEA(40.0%) BHThE AFA60.0%)00 A Be vk
S Hola Tt (Table 2-9).

Table 2-9. Regional occurrences of porcine salmonellosis in Jeju

City Jeju-si Seogwipo-si Total
No. of pigs 93 62 155
% 60.0 40.0 100
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2. HelstE HAl

D

AvE WA e Fa ddFe 9%, A4 %

ool
i

HFig. 2-7) 5ol ATH(Table 2-10). o ZollA =7t 7

i Ao e AF(85.2%)e e AAHE9.7%) 7t A Rdese] M 5
| el

Table 2-10. Frequency of clinical signs associated with porcine salmonellosis

o ) No. of pigs

Clinical sign %
(n= 155)

Wasting 132 85.2
Diarrhea 108 69.7
Dyspnea 52 33.5
Anorexia 14 9.0
Abdominal distention 8 5.2
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Ardetzo s dd w2 1550 digte] &k AAS #Ee Ay F2
Wol gelwdth(Table 2-11). 2ol HHo=w

A %ol 125(77%), Tt A4 T vvad @z o] 35%(1.9%)

oA #AEE ATt hFe] A AAG FE o] uS(Fig. 2-5)¢F 4 el v

@ 2719 wE G ARFig. 2-6B)0] 608190014 EHelslol g we g
MEE Uehhch B duae 4Rad HEEFe 2649 HE3 v

ol
%,
rlo

2+ 7y 355 (22.6%)9F 125 (7.7%)o A &= Aot 234 2H(Fig. 2-8B)&
9F(5.8%)o A THEEAQoH o]z 2%t 2ldt AhZ A (Fig. 2-8A)°] 55(3.2%)el
A Bl E T M E T8 AdERAY FElo] FEHE WA v (Fig.

2-5)0] 227 (14.2%) el A 2= AT

Table 2-11. Frequency of gross findings in major target organs of porcine

salmonellosis
Organ Gross findings No. of pigs %
(n=155)

Fibrinous exudate 12 7.7

Redness 3 19

Small intestine Thickening 2 1.3
Erosion 1 0.6

Corrugation 1 0.6

Ulcer 60 38.7

Fibrinous exudate 35 22.6

Erosion 12 7.7

Large intestine Thickening 9 5.8
Redness 6 3.9

Mega—colon 5 3.2

Rectal stricture 9 5.8

Liver White foci 22 14.2
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Table 2-12. Frequency of histopathologic lesions in major target organs of

porcine salmonellosis

. . . . No. of pigs
Tissue Histopathologic lesions %
(n=155)
Enteritis” 136 7.7
Small intestine Necrotic enteritis 12 7.7
Ulcerative enteritis 5 3.2
Chronic enteritis 26 16.8
Necrotic enteritis 26 16.8
Large intestine Ulcerative enteritis 99 63.9
ccp 16 103
Balantidium coli infection 22 14.2
Paratyphoid nodules 89 574
Liver
Cholangitis 56 36.1
GALT' in
Lymphoid depletion 13 8.4

large intestine

* Enteritis: mucopurulent enteritis
§ CCP: Colitis cystica profunda
t GALT: gut-associated lymphatic tissue
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A= 27k A BAl= 57HA BaAZE EF A= e
o 52 (335%), 3% #Y 51F(329%), 4% #d 12%(7.7%) 2 55 #Y 2%F
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Table 2-13. Infection status of Salmonella spp. and other pathogens in 155 pigs in Jeju

Infection Pathogen ol 20a] 206! o8 Zg;ea;m ol 20l 20| 02 Total (%)
Single | Salmonella 21 41 9] 4| 1 21 7] 1| 8| 338(245)
PRRSV" 2 1 41 61| 3 21 3] 4| 3| 28 (181)

PCV2 9| 3 1 1] 14 (9.0
Polyserositis 1 1 (0.6)

APP 1 1 (0.6)

28NS oy 1)1 2 (13)
BH 2 2 (1.3)

Coccidia 11 1] 203

PA 1 1 2 (1.3)
PRRSV+PCV2 21 2 8| 9 1 1 1] 24 (155)
PRRSV+PM 1 1 1 3 (1.9
PRRSV+Strep 1 1 51 1 2| 10 (6.5)
PRRSV+BB 1 1 (0.6)
PRRSV+SIV 1 1 (0.6)
PRRSV+APP 1 1 (0.6)

3 agents | pRRSV+Polyserositis 1 1 (06)
PRRSV+PA 1 1 (0.6)
PCV2+Strep 3 1 4 (2.6)
PCV2+PM 1 (0.6)
PCV2+Cyto 1 1 (0.6)
PCV2+Polyserositis 1] 1 2 (1.3)
PCV2+PA 1 1 (0.6)
PRRSV+PM+Strep 1 1 (0.6)
PRRSV+PCV2+Strep 3 1 1 5 (32)

4 agents PRRSV+PCV2+PM 1 1 1 3 (1.9
PRRSV+PCV2+APP 1 1 (0.6)
PRRSV+PCV2+Coccidia 1 1 (0.6)
PRRSV+HP+Coccidia 1 1 (0.6)

5 agents PRRSVHPCVZ2+PMH+Coccidia 1 1 (0.6)
PRRSV+PCV2+PM+Strepto 1 1 (0.6)

Total 91 9] 25| 38| 18| 1 71 19| 12| 17| 155 (100)

* PRRSV: porcine reproductive and respiratory syndrome virus, PCV2:, porcine circovirus type 2, APP:
Actinobacillus pleuropneumoniae, PM: Pasteurella multocida, BH: Brachyspira hyodysenteriae, PA:
pulmonary abscess, Strep: Streptococcus spp., SIV: swine influenza virus, Cyto: cytomegalovirus, HP:

Haemophilus parasuis
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Fig. 2-2. Co-infected pathogens

salmonellosis in Jeju.

associated with the case of porcine
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drdz #A4 F53 A3

ofe] s A AlgmelA ‘eld Al 4150 st PCR HAME 3% 23 F
397 F(95.19%)7F S. Typhimurium® 2 #7 = th(Table 2-14). Al 3 ghol A
=3k DNAo o3 PCR #AF 23 310 bpe S. Typhimurium E©°] Ak
AHAH(Fig. 2-3). PCR HAlZ @A Fo] FAHHA &2 2vF= dATd

makedel ik FdA HAALE Skl HF S. Rissen (49%)0= &4 %A
2% e dide] x23E 6671 getd EE digk PCR HAAF A3 437 (65.2%)

S. Typhimurium®] 274 gQlwf e, whebA F 107 A&l oid A
ArA 3 S, Typhimuriume] 8257(76.6%), S. Rissen®] 257(1.9%)°] #HA= o U

o] A

(e}

i
dob

[\

ol
=

Table 2-14. PCR results of Salmonella species analysis using bacterial colony

and paraffin block

Salmonella Salmonella Coleraesuis and Salmonella
Sample S ) ] ND" (%)
Typhimurium (%)  Salmonella Paratyphi C (%)  Rissen (%)

Bacterial
colony 39 (95.1) 0 (0.0) 2 (4.9) -
(n=41)

Paraffin
block 43 (65.2) 0 (0.0) - 23 (34.8)
(n=66)

ot 82 (76.6) 0 (0.0) 219 23 (215

* ND: not detected
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S. Typhimurium

FAFsHe .

7l

Fig. 2-3. PCR products of Salmonella Typhimurium from isolated bacterial

colonies. Lane M: 100 bp DNA ladder; lane 1: positive control; lane 2:

negative control; lane 3~8&: bacteria isolates.
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MALDI-TOF A ZFEA NS o] L3 Salmonella. spp. A& A& 2%
wa @5 150 tste] MALDITOF 2 #A0s Aaste] wag A%

2.000017¢2] ool & AXrE 1871 #F(43.9%)014 HER oy, FEH ol
ME A0 #F 25 2300% oo golyoe] Amda #Ads A

A tH(Table 2-15). Al th3 PCR #HALIAM = 4170 +5F 2% 164 b
spp. 5ol AES& Fad 5 UAH(Fig. 2-4). Wk MALDI-TOF 2 #¥&-4
< PCR AAbsE 53 235 Hola i, 538 #A sA7A S AIF A (o]

T 2 AR Yl o5 ge Z e 7P AT

Table 2-15. Number of isolates identified as Salmonella spp. by matrix

assisted laser desorption ionization time of flight mass spectrometry analysis

Direct smear method Extraction method
(n=41) (n=41)

Subtotal (%) Total (%) Subtotal (%) Total (%)

Score Value

2.300-3.000 1 (2.4) 41 (100)

18 (43.9) 41 (100)
2.000-2.299 17 (41.5) 0 (0)
1.700-1.999 17 (41.5) 0 (0)

23 (56.1) 0 (0)
0.000-1.699 6 (14.6) 0 (0)

Fig. 2-4. PCR products of Salmonella spp. from isolated bacterial colonies.
Lane M: 100 bp DNA ladder; lane 1: positive control; lane 2: negative

control; lane 3~8&: bacteria isolates.
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Legends for Figures

Fig. 2-5. Spiral colon showed severe diffuse thickening. Note multifocal pale

to white foci in the liver.

Fig. 2-6. Note diffuse fibrinous exudates (A) and multifocal to coalescing

ulceration (B) on colonic mucosa.

Fig. 2-7. Pig showed marked abdominal distension associated with rectal

stricture.

Fig. 2-8. Note severe distended mega—colon (A) and rectal stricture (B).
Fig. 2-9. Colonic mucosa was covered with diffuse fibrinous exudates and
necrotic cellular debris. Gut associated lymphatic tissues showed sparse

lymphocyte population. H&E. Bar=200 pm.

Fig. 2-10. Severe ulceration (arrows) and submucosal infiltration of

inflammatory cells (arrow heads) in the colon. H&E. Bar=100 um.

Fig. 2-11. Severe lymphoid depletion were observed at the gut associated

lymphatic tissues in colon. H&E. Bar=50 um.

Fig. 2-12. Note numerous basophilic intracytoplasmic inclusion bodies in

infiltrated histiocytes of gut associated lymphatic tissues. H&E. Bar=20 pm.

Fig. 2-13. Paratyphoid nodule in liver. H&E. Bar=50 um. Note infiltrated

macrophages and lymphocytes in necrotic foci. H&E. Bar=20 um.

Fig. 2-14. Cholangitis and bile duct hyperplasia (arrow) were observed in the
portal triad of liver. H&E. Bar=20 um.
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AFe W x5 sdo=z7y o=d F 119179 oFe =HA] A5 F 155F
(13.0%)l M AEdessos A A Addz drdege] dd o
s AHEES W ALH(194%) Robe JE5H(36.1%)0 oS HlstE 4 g
S Hola YT o= Al 1A HAg @3 HAAEe S, Typhimurium 3
A FgEC AeHA =A dEG AEAH Aojge tdE FHE Hox
AATH. webA o=l B9t wvbA R AFEAdME drded B
W A FAEL] AL e Aoz FaHT gy tgi

24 AR doEAaE AW BAEN FA FYE BT AF 127

=
9F(57.4%) B 485F(31.0%)= e oF 90%9] dRdeFo] F= o

7 A AFHoR AT Y Ao FAHA ol AL A 1%

o 7z}

0

o] A S. Typhimuriume®l| th3et A FAdEo] A o]siadA7} Aol AAEE= 40
A (5679, 3.0%) A 71 Fdd AFE A s Sy LA A

&yl AAlel )5S Tkl ArdetFos WA= dow AyEo] Xt

T ol F Z2EHZA gRlo] FUHE AHlelA v AR AWE Fdchs

PRRSV S} PCV2¢}t #2& wpolef e dxa ojxpx oz ArdetFo] &35 7t

o] 7t F & S Aoz F4HY [Gillespie &, 2009; Harding 5, 1998].
=

a9 Rk 1258 ol e #4

—_
rV’

Btk Al FA G A= 201 A17F79 SAd= A W diste WA
& W3t (Brachyspira pilosicoli), S A A1, A SAH Fdd 2 A

Edgtats PCR=E ARG 23 Z2+2F 755 (18.0%), 33F(7.9%), 135 (3.1%)
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TolA FAAHIL v AEAGTES JIFIFPo] ofd FIdIFAS AT F
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The Correlation of PCVZ2 and PRRSV in Salmonella

Typhimurium Enteritis
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B2 FFoAE AL E=E 159 &3 ¥ A 5 (marketed pig/sow/year; MSY)
= AL AR &85t Ak 45 U AFelAE =HA sFe EfAE
A SAES U2 PRRSV, PCV2 ¥ Amdeite ot @A 2 &z

AFS A AEte] AW Al Arol A AFEES v BAEAT [B %, 20111
15 ¢lth. webAl PCV2, PRRSV % Atmdlgaa 28 WA o] e

W AEE fdete vlold 2 YAl 2= PCV29E PRRSVZE 0t} [Zimmerman
5, 2006; Opriessnig &, 2007]. PCV2E PMWSe] QAZ 1991 7)ol A
Hxz A BuEon O ofF Ao H AAHoR FAAEHILL e Hio
gl 20|t} [Allan 5, 1999; Allan¥} Ellis, 2000; Ellis %, 1998; Morozov %,
1998]. = ol A= 1998 PCV2ell €3k PMWS7F Hx =2 oA BiusHdr [4
5, 2003; Lyoo &, 1999]. #tol&= PCV2 g oz wA3= PMWS, PDNS &
of e AW «& T A Manpolel~ ¥ FH(porcine circovirus
associated disease; PCVAD)So. & W atar ot} [Gillespie %, 2009; Opriessnig
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A Jtt [ &, 2007; Opriessnig®t Halbur, 2012].
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A 27 A S, Typhimuriumel]l o3k Ardalzo 2 3w 8% F PCV2 2
PRRSV ©¢]9]o] t& HAAZ & ¥ 1855 AF 6479 #HAE Aol
Folstdel Arde) o 7] o9f PCV2 2 PRRSVe 3749 dofA W=
d=5 vl ZA487] flete] F MY APLS AA S tHTable
3-1). Ag+2 S Typhimurium ©5 9 (AW, 245F), PCV2et &3 A9 B, 11
), PRRSVS &3 24(C+, 16%), PCV2¢l PRRSVY| 3% &% (D, 137F)

Z2 W vpole]x gh9lo) Fx et Wi ARE Hlus it

Table 3-1. Experimental pig groups according to infectious status

Group Pathogens No. of pigs
A Salmonella Typhimurium 24
B Salmonella Typhimurium + PCV?2 11
C Salmonella Typhimurium + PRRSV 16
D Salmonella Typhimurium + PCV2 + PRRSV 13
Total 64

2. HelstE HAl



MRl AAe 5 AwHe 248 Pel wet sebm Ehske] 3-4 m
FAZ AWS ALF e HRE 942 dAstn Bgdngos A3

3. IHC

Ardets Wwo] 7H A5 UEtde il A PCV2 2 PRRSV &9 9]
By 2 #2312 EnVision'™ peroxidase-conjugated polymer reagent (Dako,
Denmark)E ©]-&3te] IHCE a3ttt PCV2e 4% Budt Dol A8 F
2475 g o2 PRRSVE Afo+ Cd D & 2975 o=z [HCE A
Al 8FA tH(Table 3-2).

T ovaloly2E HESH7] 9% 12 &A= rabbit anti-PCV2 antibody 2
mouse anti-PRRSV (SDOW17) antibodyE A}-&3F1tH(Table 3-3). 3 Iheka
ZAS 4-5 m FARE 2AE3}o] silane coating micro slides glass (MUTO
PURE CHEMICALS, Japan)oll Fztstx &uetd 9 -34S AR, 23
W Aoz EA3= peroxidaseE A A3 fste] 3% HO.7F H7bd
phosphate buffered saline (PBS, pH 7.2)l 10%7F WF$-3191 o
#a 0.05% proteinase X IV (Sigma, USA)E 37Tl A 2087+ ¥k&3stsich 2
Zre]l 12} &A|E antibody diluent solution (DAKO, USA)o 2 A 3|24 Hj&
2 A3 ogF HH] Aststo] 37TColA 1A3F wgskinh 22k A=
EnVision™/HRP, Rabbit/Mouse (EVN) reagent (DAKO, Denmark)E Z<g}o|=

of A3lste] 37T A 401t W&t 2 GAEE ¥ Fol&= PBSE 103
A 23)oll AA FASIY. ZE wHSo] £y AdWS 3 3'-diamino-benzidine

tetrahydrochloride (DAB; DAKO, Denmark)® A Al 71 & 32} F/FolA Wb
oo TA}AH. P> Mayer's hematoxylin (Sigma, USA)S. &2 ¢ s}
Row, gok FHIAGS /A TS W dMo] v 237 Sgtol=s #
v or A e 2 54 dHEoy Blaste] 22 ) 7)o npolg e e

AR5 BEEAT IHCE 4

[\

il

>,
o,
>

5t A&+ Table 3-33 #t},
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Table 3-2. The number of tested pigs for the detection of porcine circovirus

type 2 and porcine reproductive and respiratory syndrome virus using

immunohistochemistry
T v A" B C D Total
ARV (=) (n=11) (n=16) m=13)  (1=24 or 29)
PCV?2 - 11 - 13 24
PRRSV - - 16 13 29

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

Table 3-3. Primary antibodies for the detection of porcine circovirus type 2

and porcine reproductive and respiratory syndrome virus

Antibody Target virus Source Dilution Antigen retrieval
Rabbit TIowa State Protease X IV 0.05%;
) PCV2 ] ) 1 : 1,000 ) )
anti-PCV2 University, USA 37T, 20 min
Mouse South Dakota
. ] ] Protease X IV 0.05%;
anti-PRRSV PRRSV State University, 1 : 5,000 3 )
37T, 20 min
(SDOW17) USA
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Table 3-4. Comparison of the frequency of histopathologic lesions in four

experimental groups

) Histopathologic A" B C D Total
Tissue .
lesions (n=24) (n=11) (n=16) (n=13) (n=64)
s 20 10 15 10 55
Enteritis
(83.3%) (90.9%) (93.8%) (76.9%) (85.9%)
Small ) o 3 1 0 2 6
. . Necrotic enteritis
intestine (12.5%) (9.1%) (0%) (18.2%) (9.4%)
1 0 1 1 3
Ulcerative enteritis
(4.2%) (0%) (5.6%) (9.1%) (4.7%)
) o 4 2 1 4 11
Chronic enteritis
(16.7%6) (18.2%) (6.3%) (30.8%) (17.2%)
Large ) o 6 2 1 1 10
. . Necrotic enteritis
intestine (25%) (18.2%) (5.6%) (9.1%) (15.6%)
. . 14 7 14 8 43
Ulcerative enteritis
(58.3%) (63.6%) (87.5%) (61.5%) (67.2%)
Paratyphoid 14 9 12 7 39
nodules (58.3%) (81.8%) (75.0%) (53.8%) (60.9%)
Liver
Cholangit 8 6 7 3 21
ngiti
CTAnEHs (333%)  (545%) (438%)  (23.0%)  (32.8%)
GALT )
. Lymphoid 0 4 0 4 8
in large .
] ) depletion (0%) (36.4%) (0%) (30.8%) (12.5%)
Intestine

* 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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2. THC HARE 2}

g =24 U vlolel o] 5 2 Ex ARE glstr] st PCV2et
PRRSV 5o] AE o]&g THC 23 Z+7 207(83.3%) 2 37(10.3%)° A &
H2 PCV2: BT(90.9%)¥ D(76.9% )l

3 =2
A 247} 1074 wpelez ghelo] AEFlo] Bitelde wd M} B Bay

Fdol FlEArk(Fig. 3-1). ZL2lvk PRRSV &92 F5 GALTW 2479 A
o] weEe Hd=HAtk(Fig. 3-2).

Table 3-5. Results of antigen detection for porcine circovirus type 2 and

porcine reproductive and respiratory syndrome virus in large intestines using

immunohistochemistry
At B C D Total
i

HHEEn (n=11) (n=16) (n=13) (n=24 or 29)
20/24

PCV2 10 (90.9%) NT 10 (76.9%)
(83.3%)
3/29

PRRSV NT 3 (16.7%) 0 (0%)
(10.3%)

* B: S, Typhimurium + PCV2, C: S. Typhimurium + PRRSV, D: S. Typhimurium +
PCV2 + PRRSV, NT: not tested
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Table 3-6. Comparison of histopathologic lesions in large intestine of

experimental pig groups

. B&D C
. Histopathologic A (PCV2 (PRRSV
Tissue i ) )
lesions (n=24) co-infected) co-infected)
(n=20) (n=3)
Chronic enteritis 4 (16.7%) 5 (25.0%) -
Large : ..
_ _ Necrotic enteritis 6 (25.0%) 2 (10.0%) -
intestine
Ulcerative enteritis 14 (58.3%) 13 (65.0%) 3 (100%6)
GALT in

. . Lymphoid depletion 0 (0.0%) 7 (35.0%) 0 (0.0%)
large intestine

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

_62_



72 Agaol A WeEAa 4 A ud Aeeha o) GALTl 4

& 8F(125%)0ll A LA ATH(Table 3-4).
1% EUE YT 240l Qi A 8FE goR oF 24 ) wpolg s
gelo] £AZ AR A3 PCVZ wholeds gUe TRA AEH wh

PRRSV &9 A FFolA HEHA &dth(Table

M gedo] WAH I YA (Fig. 3-3). A dolA = dlARAES] Axd

9y EFolop 2 Hekol PCV2 5o AlxAY FYAdAME nlo]gf~ &9 o]

Table 3-7. Result of antigen detection for porcine circovirus type 2 and
porcine reproductive and respiratory syndrome virus in lymphoid depleted

GALT using immunohistochemistry

) ; Total
Antigen B" (n=4) D (n=4)
(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 + PCVZ2, D: S. Typhimurium + PCVZ2 + PRRSV, GALT:

gut—associated lymphatic tissue, NT: not tested
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Legends for Figures

Fig. 3-1. The colon of Group B. Numerous positive reaction for PCV2

antigens in the GALT and lamina propria. IHC. Bar=100 gm.

Fig. 3-2. The colon of Group C. Positive reaction for PRRSV antigens in the
GALT. THC. Bar=20 pm.

Fig. 3-3. The colon of Group D. Positive reaction for PCVZ2 antigens in the
GALT and lamina propria. IHC. Bar=100 gm.

Fig. 3-4. The colon of Group D. PCVZ2 antigens were demonstrated in
lymphoid depleted GALT. Note strong positive reactions in intracytoplasmic
inclusion bodies. IHC. Bar=20 pm. Insert: PCV?2 antigens in the cytoplasm of

multinucleated giant cell. IHC. Bar=20 ym.
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A oA PCV2 P o2 A3 PCVAD2 24 711z Aol A PCV27t 54
st 7Hd FE Aol disiAe oFF] s we A JA &kt [Opriessnig F,
2007]. A= PCVAD T4 Hole HANA daAsA YEves BHoEZE
Hrg A T oA fET FaFol A Advk e HC Ee= Al
Zbe] F-9(in situ hybridization)& &% A Al PCV2 & E= FHA= 2
EANES} FAG AE] MEAANA HEHI v weba] dxgr)e] g
S 2AFE UA, &5t Fx o] vpeoleixe] Y SO ® PCV2rt ¥

AAAE FEstel v ofAHRd AHE SolstA stal Aol dHA Av

ﬂl

[Segalés 5, 2004al. PCV2 F49 4% PMWS %+ PDNS9tE g A4 g=
A7) JEF Aoy gxide] 2AFR] YA T HEe §la, °9A &
sh]e]l BESE GALTOIA Y Fx3 &4 vho] #sE 54S 7FAa o
[Ha &, 2005, Kim &, 2004; Opriessnig &, 2007]. ¥ Ao A tfa s}z 9
GALTO A HZFo A4 TE ud WHE 854 #Rsoen, Ardalit
I PCV27F &8 ¥ w3 dxdelstyt PCV2 3 PRRS7F &7 2 d o

Zh 4% AT o8 EUl® GALTOIA HZ Aol gle Al 8
FE UG eR O =2 W wpelgx Fele] EAE HARR A3 PCV2 wol e
= TFIA AEFHAG. WA PCV2 #Eo® 8] tige] GALT
JEp ugs Fuste] HA W %S AsAPoRM 2sty] A 7

A2 FAAL 5ol 1S Aow FRH
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