Optimization and Commercialization of

Diagnostic System in Porcine Diseases
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SUMMARY

In this project, diagnostic system of porcine diseases was developed and
optimized for Korean swine industry. This project is consists of three main
parts: diagnosis of porcine enteric diseases, diagnosis of porcine respiratory
diseases, diagnosis of porcine wasting diseases.

A multiplex reverse transcription-polymerase chain reaction (RT-PCR) was
developed for the simultaneous detection of porcine epidemic diarrhea virus
(PEDV) and transmissible gastroenteritis virus (TGEV) in preweaning pigs with
diarrhea. PCR products of PEDV and TGEV were 412 and 612 base pair,
respectively. Diagnostic technique for porcine epidemic diarrhea virus (PEDV)
was developed by In situ hybridization  with a non-radioactive
digoxigenin-labeled probe. A 377 base pair cDNA probe for viral RNA encoding the
membrane proteins of PEDV V215/78 was generated by the reverse transcription
polymerase chain reaction, Formalin-fixed, paraffin-embedded tissues naturally
infected with transmissible gastroenteritis virus (TGEV) were examined by in
situ  hybridization for TGEV nucleic acid using a nonradioactive
digoxigenin-labeled cDNA probe, In situ hybridization technique for TGEV were
compared with virus isolation (VI), a fluorescent antibody test (FAT), and
transmission electron microscopy (TEM). Among 21 ISH positive samples, 5 (24%)
were positive for TGEV by all 4 tests, 15 (71%) were positive by FAT, 14 (67%)
were positive by VI, and 6 (29%) were positive by TEM. In situ hybridization for
detection of TGEV in formalin-fixed paraffin-embedded tissues provides a rapid
means of confirmation of a histopathological diagnosis of TGEV without virus
isolation. Detection method of Lawsonia intracellularis was studied in
formalin-fixed paraffin-embedded intestinal tissues from naturally infected pigs

by immunohistochemistry with a monoclonal antibody against outer membrane
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protein of L, intracellularis., Warthin-Starry silver stain revealed clusters of
argyrophilic, slightly curved rod-shaped organisms in the apical cytoplasm of
enterocytes, The presence of L, intracellularis in the ileum of pig with
proliferative enteropathy was confirmed by polymerase chain reaction (PCR)
further on the basis of amplification of 319 base pair products specific for
porcine L, intracellularis chromosomal DNA, Immunohistochemistry and PCR may be
a complementary method to confirm the diagnosis of L. intracellularis infection
in pigs. A total of 720 Escherichia coli strains isolated from diarrheic piglets
on 756 swine farms were screened for the presence of the enterocaggregative E.
coli heat-stable enterotoxin 1 (EAST1) gene by polymerase chain reaction (PCR).
Escherichia coli strains that carried EAST1 genes were also tested by PCR for
the presence of 4 fimbriae (F4, F5, F6, F41), 2 heat-stable enterotoxins (STa
and STb), and 1 heat-labile enterotoxin (LT) gene. One hundred sixty-four
(22.7%) of the 720 E. coli isolates carried genes for EAST1. Of these 164
isolates, 62 (37.8%) carried EAST1 genes only, 11 (6.7%) carried genes for at
least 1 of the fimbrial adhesins, 51 (31.1%) carried genes for at least 1 of the
enterotoxins, and 40 (23.8%) carried genes for at least 1 of the fimbrial
adhesins and enterotoxins. Forty-six percent of strains that carried EASTI genes
carried STa genes, and 16% of strains that carried EAST1 genes carried F4. The
isolation rate of enterotoxigenic E. coli strains carrying genes for EAST1 gene
was 63%, The 6 major genotypes were FEAST1+, EAST1+STa+, EAST1+STa+STb+,
EAST1+STa+F5+, EAST1+STa+F4+, and EAST1+STb+F4+, EAST1 is widely prevalent among
diarrheagenic strains of E coli and may represent an important virulence
determinant in the pathogenesis of enteric colibacillosis of preweaned pigs
Pasteurella multocida and Mycoplasma hyopneumoniae are major bacterial
pathogens in porcine respiratory diseases, Although rapid diagnosis in

respiratory diseases is the key to control disease, culture and isolation of
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respiratory pathogens are difficult and time-consuming. So, rapid and efficient
diagnostic tool are necessary. The nested polymerase chain reaction for
toxigenic Pasteurella multocida was developed. This was a sensitive and
reproducible technique and it represented a promising method to be used as a
diagnostic tool for confirming the presence of toxigenic P. multocida directly
from nasal swab without culture., The prevalence and relationship of capsular
serotypes and toxA gene in P, multocida isolates were examined. The most
prevalent capsular serotype was capsular serotype A and the majority (87%: 174
out of 200) of P. multocida isolates from pneumonic lungs were nontoxigenic.
Moreover, multiplex nested polymerase chain reaction was optimized for the
detection and differentiation of toxigenic Pasteurella multocida and Mycoplasma
hyopneumoniae. Mycoplasma hyopneumoniae DNA was detected in 20 naturally
infected pigs by in situ hybridization using a nonradioactive
digoxigenin-labeled DNA probe. A 520-base-pair DNA probe targeting a reiterative
sequence of the M hyopneumoniae genome was generated by the polymerase chain
reaction, The in situ hybridization technique developed in this study was useful
for detection of M hyopneumoniae nucleic acids in tissues taken from naturally
infected piglets and may be a valuable technique for studying the pathogenesis

of M, hyopneumoniae infection,

Postweaning multisystemic wasting syndrome (PMWS) associated with Porcine
Circovirus 2 is an emerging disease in pig that characterized by emaciation,
dyspnea, and lymph node enlargement. Natural cases of postweaning multisystemic
wasting syndrome (PMWS), recorded from January 1999 to December 2000, were
determine the prevalence, microscopic lesions, and other coexisting pathogens
associated with PMWS, One hundred and thirty three (8.1%) of the 1634 pigs
submitted from 1243 pig farms were diagnosed for PMWS. The majority of cases

(113 cases, 85.0%) was dual infection with other pathogens. The combination of
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PCV2 and Hemophilus parasuis (43 cases, 32.3%) was shown to be the most
prevalent followed by PCV2 and porcine reproductive and respiratory syndrome
virus (39 cases, 29.3%). Optimized DNA extraction method and nested PCR were
developed for the detection of PCVZ from formalin-fixed, paraffin-embedded
tissues, Conventional PCR, nested PCR, and in situ hybridization methods were
also compared for the detection of PCV2 in archival tissues. A method based on
xylene deparaffinization followed by proteinase K digestion yielded DNA of
sufficient quality for PCR analyses reliably and consistently. A distinct
positive signal for PCV2 was detected in spleen and lymph node from all 37 pigs
through in situ hybridization. The nested PCR and in situ hybridization could be
applied successfully to archival tissues for the detection of PCV2Z DNA.
Non-radioactive digoxigenin-labelled probes that can differentiate PCV1 from
PCV2 in formalin-fixed, paraffin-embedded tissues by in situ hybridization were
developed. A 349 base pair DNA fragment from open reading frame 1 of PCVl and a
481 bp DNA fragment from ORF 2 of PCVZ generated by PCR were used as PCV1 and
PCV2 probes, respectively. Double in situ hybridization to simultaneously detect
PCVl and PCVZ2 or PCVZ and PPV in the same tissue section was developed. The
combination of an alkaline phosphatase conjugated antidigoxigenin system with
alkaline phosphatase or peroxidase conjugated streptavidin-biotin system allowed
identification of PCVl1 and PCV2 or PCVZ and PPV. This double labeling technique
is suitable both for pathogenesis studies and for diagnostic applications, A
seminested reverse transcription-polymerase chain reaction (RT-PCR) was
developed for the detection of classical swine fever virus (CSFV) in semen. CSFV
from boar semen was infrequently identified by virus isolation compared with
seminested RT-PCR., CSFV nucleic acid was detected in semen by seminested RT-PCR
as early as 7 dpi in three infected boars and persistently thereafter in all

five infected boars until 63 dpi. When separated fractions of CSFV-contaminated
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semen were analyzed by the seminested RT-PCR, the CSFV nucleic acid was detected
mainly in seminal fluid and occasionally in nonsperm cells., CSFV antigen was
also detected in nonsperm cells from semen smear by immunohistochemistry. Thus,
infection via semen, specially through CSFV-infected seminal fluid, seems to be
a major route of transmission of CSFV, CSFV could be detected by in situ
hybridization technique from reproductive organ tissues of boars and sows. The
distribution of classical swine fever virus (CSFV) was determined in the
testicular tissue of infected boars. Viral nucleic acid was localized to
spermatogonia, spermatocytes and spermatids but not in the epithelia of the
prostate, epididymis, or bulbourethral gland in boar. The demonstration that
CSFV infects the spermatogonia and their progeny suggests that this may serve as
a primary reservoir for the venereal spread of CSFV, The CSFV in their ovarian
tissues was located almost exclusively with the cytoplasm of cells shown by
HE-staining to be macrophages, which were numerous in atretic follicles., Small
numbers of CSFV-nucleic acid-positive cells with distinctly round morphology and
oval nuclei, resembling monocytes were also observed in the blood vessels in
sows, The experiment suggested that CSFV replicate in circulating peripheral
monocytes, at least to a limited extent, having gained access to ovarian tissues
from bloodstream and that these contribute to the localization of CSFV in
macrophages throughout the atretic follicle. CSFV nucleic acid and antigen were
detected in pigs with chronic CSF by in situ hybridization and
immunohistochemistry. The most consistent and prominent microscopic lesions are
perivascular mononuclear cell infiltration gliosis in the central nervous system
from pigs with chronic CSF. A positive signal for both in situ hybridization and
immunohistochemistry was detected in mononuclear cells and lymphocytes of
lymphoid tissues, However, viral nucleic acid was detected in some tissue

sections in absence of viral antigen. The in situ hybridization technique



developed in this study was useful for the detection of CSFV RNA in tissues

taken from chronically infected pigs.
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buffer (1.25mM MgCly) 240, oligo d(T) 0.5, RNase inhibitor(50U) 0.5x0, MulLV
reverse transcriptase(200U) 0540 (Perkin Elmer)E &33dle] Ewr$#S 10z 9
S0l 42T ol A 4023 WHgato] AL whE-S Fste] cDNAE st

AL HE2-S w1002 cDNA templated] T8 &4 AH493S ¢8A PA, PB,
TA, TB =Z#olw (25pmol/ul) 2+ 1ul, 540 10xreaction buffer (100mM Tris-HCI
(pH 83), 400mM KCI, 15mM MgCl, 5ug/ml activated BSA), 0.2mM
deoxynucleotides(dATP, dGTP, dCTP, dTTP), 1.5U Taq polymeraseE Z+7} ¥ i1, 50
wle] reaction volumeo] HEE Wid FTHIFTE H7EstY 42 ¥ Thermocycler

(Perkin Elmer, Norwalk, USA) & ©]&3}o] 94CollA 30%, 55Cel Al 30%, 72°C ol A
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30%7r 35 cycle =838}, mxet dA oA 72T 1027 ¥H3-3%

£9] AE 10ulE ethidium bromide® AME 1% agarose gelol @719 % 3}

ofN

o,

32

2. 2AU WARS ol g WA FBY A Awy A

i

7F. RNA &
Azu)Feol A& =A FaPAd AW wvlo]g 2 CVT777E Vero cellol trypsin®l %
S AN AYQYgIAEE A= cytopathic effect’} 70-80% FAEHAS
freezing and thawingS 33 HHE & Adojx A ZuwjdH S RNA FEFo| AREsAT)
AZuj g o2 RE RNAE FE3e W E

1
S A R9Y AP AA A4 AFdel d Aawe st FAsA e

AEMFozE dolzl niojels RNAE 29 1 vs THEL dATSS o8
g oAA FERAd AR A A9 S i Al edd g oeR oA

a2 AANEeS 8 AHed HdAwrerd ek xelo|m = membrane gene -
Aol gad" 5- GGA CAC ATT CTT GGT GGT CT-3 (1318-1338)3}
5-GTT TAG ACT AAA TGA AGC ACT TTC-3" (1665-1688)& Ar&3tdvt. oA
AF TEES whzl 10p09] cDNA templateo] T a4 A9HeS 98iA Ay}

Zalolw (25pmol/ul) ZF 1ub, 5ul 10xreaction buffer (100mM Tris-HCl (pH 8.3),

oft

400mM KCl, 16mM MgCls, 5ug/mé activated BSA), 0.2mM deoxynucleotides(dATP,
dGTP, dCTP, dTTP), 15U Taq polymeraseE Z}7z} i1, 5009 reaction volume®|
HeE dity SFFE H718e] 42 3 Thermocycler (Perkin Elmer, Norwalk,
USA) & o]&3te] ATAA 11, 58TCAAA 12, 72Tl A 1%t 40 cycle F~3)skaz, n}
At A A 72T 1023 ¥Hg-3k AT



ot g2 A=
XA FHEL AANSS Fate] Aol 377bpe] 5ol A<l DNA #+4-2 Wizard
PCR preps (Promega Biotech)< ©]-&3}e] A #3531, DIG DNA labeling and detection

kit (Boehringer Mannheim)Z ©]-&3}o] digoxigenin® & Y F X 3to] HRA2 o] &

Foodukdl =4 AYAAS AX A Ew)l F 3m FAR HHFY
Superfrost/plus slide (Fisher Scientific, Pittsburgh, PA, USA) o] FZA17# Ao 1

#atgdet. x22 AAE xyleneo| gdtdA A7 FFEHALS AR

o

phosphate-buffered saline (PBS; 0.01M, pH 7.4) ©] 587 ¥t} 3 =& 9
3] 0.1 N HClol 2087+ A@sba, 100pg/mle] proteinase K (Gibco BRL, Grand
Island, NY, USA)E 37TCdA 2083 A3 & 4% paraformaldehyde® ‘-2 4 10
7 1Ak PBSE 23] A& 3 & 0.1M triethanolamine-HCl buffer (pH 8.0) ol
0.25% acetic anhydrideE Y1l 53#3F acetylation A%l ¥ 0.25% acetic anhydrideZ
3k ¥ ] ¥Yal 5837F ¢ acetylation A Z Y. 2xsaline sodium citrate (SSC) (1xSSC;
50mM NaCl, 15mM sodium citrate, pH 7.0) & 1087 A2z & wgur$e F=3hs14
t}. Digoxigenin®Z ¥ A¥ DNA probeE O0.ng/we =7} = %% standard
hybridization bufferoll 3]43s}e] 50l AE=ZE slide ZF Yol Hojrmdl 3 coverslipE
Qi 7bgAe]lE rubber cement® Z &3 thE 95TelA 10&3F 7hE ko] 45Tl A
15417 WA Z ek, RS & coverslipS Al ASFAL g9 4xSSColl 583 23], 4
5C 2xSSCe 429 2xSSColAl Z+zF 10+4 23], 28] 0.2xSSColA 5837F 23]
A& % maleic acid buffer (Buffer 1; 100mM maleic acid, 150mM NaCl, pH 7.5)

i

587+ A 8ld ¥ 1xblocking buffer (Buffer 2) oA 40%7F g3l FAAHSS
AZ&37] 98l alkaline phosphatase conjugated anti-digoxigenin (Boehringer

Mannheim) < Buffer 2] 1:2500.2 3|Asle] 2 AFH 9o Z wWojrma T 379
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detection buffer (Buffer 3; 0.1M Tris-HCI, 0.IM NaCl, 0.0oM MgCl, pH 952 5%
7F Jgstgt. S-S 95t alkaline phosphatase® 7]& <l nitroblue tetrazolium ¥
5-bromo-4-chloro-3-indolyl-phosphateZ Buffer 3o 3|43t} XA dH o] 2 "o
= & oA 344 A WA EAe] 2y S tris-ethylenediamine

tetraacetic acid buffer (10mM Tris-HCI, ImM EDTA, pH 80) ©l oJ2{®¥ dipping3s} ]

Weg FANLN F 05% methyl green© 2 AT F SH50l AHste] FHd
@l § mountingdte] @v|H oz R

3. =%

N
o

W ugH s o] &3 A A A ey
7h A A9 91 wlelel 2~ RNA =
Transmissible gastroenteritis virus Purdue strain (ATCC VR-763)E& T 3te] =

A a3k A EF wikEtal, cytopathic effect”} 70-80% BAE S Wl freezing and

ne
>,

thawing= 38 Wha$ A AEZ AL RNA F50] AHgstgh Axudealon
8 RNAS FEd= W2 43 1L v 3984
b

A A Adg gade) 2 Ag

THEL AANESS 8 AFEE AWy 9wdk xelo]w = nucleocapsid gene

Foel A fAlE 5-GAT GGC GAC CAG ATA GAA GT-3' (1226-1245)%

5-GCA ATA GGG TTG CTT GTA ACC-3’ (1818-1837)2 Al&3&tdtt. A w-g
S 3z 1009 cDNA templated] &4 AHurSS e Aeky gGHr3F L)
olm  (25pmol/ul) Z+ 10, 5ul 10xreaction buffer (100mM Tris—-HCl (pH 8.3),



400mM KCl, 15mM MgCly, 5pg/ml activated BSA), 0.2mM deoxynucleotides(dATP,
dGTP, dCTP, dTTP), 15U Taq polymeraseE Z}z} il 5009 reaction volume®©|

EE "Wid THFE HUeke 4S & Thermocycler (Perkin Elmer, Norwalk,
USA) & o]&3sto] 94Tl A 30, 55TCelA 30%, 72CelA 30%%F 35 cycle 33t
upxuk @Al Al 72°C 1023F WH-&-3F AT
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dRAe Fotod A xusidd. ek 22 A1E2 Hematoxylin and Eosin
(H&E) stain ¥ Warthin-Starry (WS) Silver staing 2 A|dte] 3132 =24 HHy}

3 &9 (crypt) AT AEWNS Lawsonia intracellularisE ¢33 th.

U a2 A4S
S22 G olstyl AAy HHoZHE commercial DNA isolation kit
(Pharmacia-LKB Biotech)E& o] &3le] DNAE FZ319ct. 3834 Aurgo v

S xglolw(LI-1)¢F dwrek Zolw(LI-2)2 5-TAT GGC TGT CAA ACA CTC
CG-3' (nucleotides 5-24) ¢ 5-TGA AGG TAT TGG TAT TCT CC-3
(nucleotides 304-323)& 7}7} A3ttt Ay dafo 2 HE FE3$ DNA template

Sul, A¥reky Jwkek Zglolw (25pmol/wl) 2+ 1m0, 5l 10xreaction buffer (100mM
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Tris-HC1 (pH 8.3), 400mM KCl, 15mM MgCl, bpg/ml activated BSA), 0.2mM
deoxynucleotides(dATP, dGTP, dCTP, dTTP), 15U Taq polymerase® 2z}7z} Y i

% volume®] 50ulo] H 22 HiHd Z=FHIFE H7Este] ¥lgdS &35

—r—‘

Atk FHaEAE
A H2-2 Thermocycler (Perkin Elmer, Norwalk, USA)S ©]&3}o] 94TolA 30%,
60T A 30%, 72ColA 30%%F 35 cycle 333}, x| dA A 72C 1083+

r

Stk We 3 S AE 10ulE AN FH ] ethidium bromide® G2 E 1% agarose

z2 e 9ste] ZulE et %48 xylened 10%7F 23] HAsto]

phosphataseZ A #Ast7] 93} glacial acetic acid (20%)E 4ColA 287 A X314
t}. o] 3 proteinase K (Gibco BRL)E phosphate-buffered saline (PBS; 0.1M, pH 7.4)
of 100pg/me¥ =% skl 36°C 203t REEAZ T Bl Solwhg-& Adatr] flske] 10%
normal goat serum= PBS(0,1M, pH 7.4)°l 3] 3}e] ZZ| Ao A &3F1, A2o]A 30

Sh
L

H-3-5t At} Lawsonia intracellularis® 25-27kD outer membrane protein® ¥h-3-
932 A PBTSo 2508f 31X sle] 1} da|= A 835t 4Tl A overnight
incubations}t}. PBTS®Z 33 AM=Asta,  PBTSeOl 1008  3]A3F  alkaline

ol
s
rir

phosphatase-conjugated goat anti-mouse IgG (Dako)E 2% 3= A&t
PBTS®Z 33 Al#3alal, Tris buffer (pH 952 A sl 2282 alkaline
phosphatase red substrate (Vector Laboratories)® AF-&oll A 20%7F 8838151 aL, =41

H3& AH Mayer's hematoxylin® 2 ZI A & mountingste] #23s}
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Hematoxylin and Eosin (H&E) staing 2 A]
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H&E stain 3+9it}.

gt Helgude dAFZAAoR oFE AESCZRE FEE X
20709} o]l f-AHE AT 230702 A& ow, 571A] fimbriae$t 57}
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Primer

Sequence

Product size

Fimbriae

F4

F5

F6

F18

F41

5'-GGTGATTTCAATGGTTCGGTC-3’
5'-ATTGCTACGTTCAGCGGAGCG-3’
5'-TGCGACTACCAATGCTTCTG-3'
5'-TATCCACCATTAGACGGAGC-3'

5'-TCTGCTCTTAAAGCTACTGG-3’
5'-AACTCCACCGTTTGTATCAG-3’

5'-GTGAAAAGACTAGTGTTTATTTG-3'

5'-CTTGTAAGTAACCGCGTAAGC-3’

5'-GAGGGACTTTCATCTTTTAG-3’
5'-AGTCCATTCCATTTATAGGC-3'

7104

450

333

510

431

Toxins

LT

STa

STh

EAST-1

StxZe

5'-ATTTACGGCGTTACTATCCTC-3’
S'-TTTTGGTCTCGGTCAGATATG-3'
5'-TCCGTGAAACAACATGACGG-3’
5'-ATAACATCCAGCACAGGCAG-3’
5'-GCCTATGCATCTACACAATC-3'
5'-TGAGAAATGGACAATGTCCG-3'
5'-CCATCAACACAGTATATCCGA-3’
5'-GGTCGCGAGTGACGGCTTTGT-3'
5'-AGGAAGTTATATTTCCGTAGG-3’
5'-GTATTTGCCTGAACCGTAA-3’

2380

244

278

111

386
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Table 1. Results of in situ hybridization for porcine epidemic diarrhea virus (PEDV)

in the small intestinal villi of piglets naturally infected with PEDV.

*

In situ hybridization

Jejunum Tleum

Duodenum

Age(days)

Piglet No.

~ M o~ b~ D~

[S2 I N VG RN b

10

10

= positive hybridization signals.

no hybridization signals; +

* Reaction:
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Legends of Figures

Figure 1. Ethidium bromide-stained 1% agarose gel electrophoresis showing
detection of the PEDV and TGEV by multiplex RT-PCR. From left to right: lane
M=100bp DNA ladder; lane 1=PEDV standard strain; lane 2=TGEV standard strain;
lane 3=negative control; lane 4=PEDV field isolate; lane 5=TGEV field isolate; lane
6=PEDV -positive intestinal sample; lane 7=TGEV-positive intestinal sample; lane

8=PEDV -positive fecal sample; lane 9=TGEV-positive fecal sample.

Figure 2. Sensitivity of detection of the PEDV and TGEV by multiplex RT-PCR.
From left to right: lane M=100bp DNA ladder; lane 1=PEDV standard strain; lane
2=TGEV standard strain; lane 3=negative control; lane 4=10° TCIDsy/ml of PEDV;
lane 5=10° TCIDsy/ml of PEDV; lane 6=10° TCIDsyml of PEDV; lane 7=10°
TCIDsy/ml of TGEV; lane 8=10 TCIDsy/ml of TGEV; lane 9=10 TCIDsy/ml of
TGEV.

Figure 3. PEDV-infected Vero cells hybridized with a DIG-labeled cDNA probe
(377 base pair). PEDV RNA (dark brown reaction) appears in the cytoplasm of a

syncytial cell. In situ hybridization

Figure 4. Jejunum; Piglet No. 1. PEDV RNA (dark brown reaction) is present in

the epithelium covering moderately atrophic villi. In situ hybridization

Figure 5. Ileum; Piglet No. 6. PEDV RNA (dark brown reaction) is present in the

cytoplasm of villus enterocytes. In situ hybridization

_18_
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Figure 6. Jejunum; TGEV nucleic acid (dark brown reaction) is present in the

epithelium covering moderately atrophic villi. In situ hybridization.

Figure 7. Jejunum; TGEV nucleic acid (dark brown reaction) is present in the

epithelium covering moderately atrophic villi and cryptic epithelium. In situ

hybridization.
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Table 2. Detection of TGEV from naturally infected piglets

ISH FAT
Piglet ) ' VI TEM
No. Age Duodenum Jejunum Ileum  Duodenum Jejunum Ileum
1 3 - + + - + + + -
2 5 - - T - - - -
3 4 - + + - - - + -
4 3 - + + - - - - -
5 3 - + + - + + + +
6 5 - + + - + - - -
7 4 - + + - - - + +
8 4 - - T - - - -
9 5 - + + - - - - -
10 6 - + + - + + - -
11 7 + + + - + + + +
12 3 - + + - + + + +
13 3 - + + - + + - -
14 5 - + + - + + + +
15 5 - + + - + + + -
16 6 - + + - + + + -
17 5 - + + - + + + -
18 3 - + + - + - + -
19 3 - + + - + + - -
20 6 - + + - + + - -
21 5 - + + - + + + +

* ISH - in situ hybridization; FAT - fluorescence antibody test; VI - virus isolatio

n; TEM - transmission electron microscopy
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6. Bz stA HALE ol &3 FAUE A dw AA g

THAALE Fote] FAITE FHo] HEE 721999 A= 1
&4 HrkE F86kAnt. Isospora suisel ZA® A= A%
¥ o] Fol7b vropAa F9jeo metd = F3tE FH

A Eet ASAET AslA S P AT (Figure 12) 53], & 3 AE
o el A WHRIA EASHE Isospora suis] merozoites i male / female

gamontsE &0& 4 A} (Figure 13)

o

7 2% EL AANEE ol

o

AT A A AT A A 3

AASAo R oFH ERAE 6T Eele tigat 720700 tEte] 471A FH{ 9
fimbriae (F4, F5, F6, F41)¢}t 474 G54 (LT, STa, STh, EAST-Del| g 5%
4 AHNS AR HAPAI 72070 T Fell A 164 (227%) N W
oAl EAST-1el tiat fFHdAE A 5 Atk EAST-1& EFst de dF
T 11 67%)709 e 3 7] o] 49l fimbriae TS 7FAaL 2llom™, 51 (31.1%) 7<)
TFe @ A ol AUEAL FHAE Eiste AR ZAFESATE 40 (23.8%) 719

EAST-1 B4 #5% fimbriae?t FUlS4E @7 Bists o2 ZAMHAT. =49,
]

Y

AT =2 EAST-1 427 71X FE 62 (37.8%) 71 =
w9 E=e HiER HEHJY. EAST-13 A#3AUE  fimbriaedt FUS42E F4

(16%) ¢ STa (46%) = YEIRL o™, EAST1+, EASTI1+STa+, EAST1+STa+STh+,

ke
%o
i
<

EAST1+STa+F5+, EAST1+STa+F4+, EASTI+STh+F4+¢] Wx 2 FHxgo] ALy
2T}k, (Table 3)

AA g wE RFor oFE olfAE 47650l A B3 vt 25270 wiske] 5
7}A] fimbriae (F4, F5, F6, F18, F41)¢} 57FA] Adl54 (LT, STa, STh, Stx2e,
EAST-Dell st FFaan AAukSS At dArAan 452719 gt ol A
149 (31.3%)7 wigatellAl EAST-1ol oig fxxaEs Az 4 AAgrh 149719
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EAST-1& ®Hfsta 9 gt F 66 (44.3%)719 #& EAST-1%9HS 7bA a1 914l
=3
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Legends of Figures

Figure 8. Agarose gel electrophoresis of PCR-amplified L. intracellularis DNA
products. M=100bp DNA ladder; Lane 1l=positive control; Lane 2=Negative control;

Lane 3=a sample from a pig with proliferative enteropathy

Figure 9. Clusters of argyrophilic, slightly curved rod-shaped organisms are seen in
the cytoplasm of hyperplastic cryptic epithelial cells. Warthin—-Starry silver stain. X
200.

Figure 10. Clusters of immunopositive intracellular organisms are seen in the
cytoplasm of hyperplastic cryptic epithelial cells. Immunohistochemistry, alkaline

phosphatase, fast red, hematoxylin. x200.

Figure 11. In situ hybridization in pig naturally infected with Salmonella

choleraesuis *x200.

Figure 12. Severe necrosis of villous epithelium with adherent necrotic debris in

jejunum from a seven-day-old piglet. HE x200.

Figure 13. Atrophic villous with female gamont and merozoite of Isospora suis

within villous epithelium and hyaline material at the apex of the villous in the

illeum of a 14-day-old piglet. HE x400.
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Bk st o)) fimbriaeRt 7FAGL =t T2 670, Shb o] o] s Aavwt HA]
g hATFE 217 9o, s o] 49 fimbriaedt FUNELAZE 7M1 Y= #F

© 587l = ZAFE AT fimbriae®to] ¥ F4, F18, F5, F69 o= =

W oke] AAS STa, STh, LT, Stx2e?] A& =¢kth. (Table 4)

B

AgolA SHE SRS A4S S T A I A& 3= ofejell A &1
o

K

¢

Table 3. Genotypic profiles of fimbriae and enterotoxins in preweaning E. Coli

EAST1 plus
Fimbiral EAST1 STa
. STa STa STh
adhesins  only STa STh LT STh
STh LT LT
LT
AF 62 33 5 0 9 1 0 3
F4 4 7 6 1 3 2 1 2
F5 3 9 0 0 0 0 0 0
F6 1 3 0 0 1 0 0 0
F41 3 0 0 0 0 0 0 0
F4 + F5 0 0 0 0 0 0 0 0
F4 + F6 0 0 1 1 2 0 0 0
F5 + F6 0 1 0 0 0 0 0 0

* 4F E. coli do not carry any genes of F4, F5, F6 or F41.
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Table 4. Genotypic profiles of fimbriae and enterotoxins in Escherichia coli isolated

from the postweaning piglets

EAST1 plus
Fimbrial EAST1 STa STa
: STa STa STa STb
Adhesins  only g, STH LT Stx2e N N STb STb
STh LT StxZ2e LT
LT Stx2Ze
5F ° 66 8 2 2 0 2 0 1 3 1 2
F4 4 4 0 1 0 1 3 0 3 9 0
F5 1 3 0 0 0 0 0 0 0 0 0
F18 1 3 0 0 3 5 0 4 0 1 5
F5 + F6 0 1 0 0 0 0 0 0 0 0 0

F4 + F18 0 0 0 0 0 1 1 0 1 1 1

* BF do not carry any of F4, F5, F6, F18, F41.
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FAE b
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22hd el 265271 6] E Ak AN o F ol it AdAS(1,61871), AT YA
AR (58331), SFAIHEAEAS(28631) % A A AFA TS Dty A
At At 3€el A 6974 JTA om Eeh v XA o ¢ 1ol
A 4do JFAem BT FAYUFEASS 7TEolA 99 fATH o Bs
Ak 2 AT A3 Sl P EA7F He £
%ngé/g/\]_ 37,]_ EET/\]];] AJ/\]_ZOE_ 321-015104];]. w3} 71—71—9] Zé_]ué—f—_)_— 74]1—12(—}_0_& s

Wy ol thehta gk (Table 5)

do
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>

=02

e

(717+:2000.11-2001.10)
11 12 1 2 3 4 5 6 7 8 9 10
69 &84 116 126 139 226 176 165 126 139 174 78

e

=
o
&
il
>
olN

HAGFFEAE 24 23 32 52 124 149 51 31 36 18 23 20
HAAAZ GG 2 3 5 6 17 6 15 3 9 0 0 11
EANYgEHAE 7 15 6 11 17 37 31 28 24 71 28 11

Table 5. Prevalence of diarrhea in preweaning pig from 2000, 11 to 2001. 10
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3Abd ol 157279 EfAbes AALS S o ol st AdARS(1,04370), A A

AP (46371), SAIHEAAS(63)3 AAN A AL HBA)E et gt

<9 A5 11delA 185 JFAom AL, AAFIZEAEY A= 1€

oA 14 Atelel HFAom W FAHEEASS 7TEollA 89 Apolifwt oy

gt 11l e FHeAoes st & A 23 el 7 247 He 4

A= AAE S AT AAAS, AFEA LAY SAUFEANS R FAHAAT. 2
=

931 EHAE AAFe] 2dEs) 9e) 1193 19 Alole] EHE PR ve

°
=
kl

glt}. (Table 6)

(717+:2001.11-2002.10)
! 11 12 1 2 3 4 5 6 7 8 9 10

gt AdA s 149 116 125 67 8 97 69 68 66 60 56 85
A FPdHEAE 67 59 98 52 57 53 18 17 15 11 8 8
AADAZAEd 0 0 1 2 0 0 0 0 0 0 0 0

FAYEAEAAS 13 5 0 7 8 2 3 5 5 8 3 4

Table 6. Prevalence of diarrhea in preweaning pig from 2001, 11 to 2002. 10
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22 d = 1,203719] o]

AR EhS(32971),

—_
file)

L - & s P
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wo® glH . (Table 7)

(717+:2000.11-2001.10)

10

12

11

32 10 65 33 30 14 40 16 43 32 15

46

BR
~o
o
70

—

Njo

22 33

29

27 18 16 36 33 56 22

31

No

il
3

<

10

24

38 40 37 32

13

24

B
T

growing and finishing pig

in postweaning,

Table 7. Prevalence of diarrhea

from 2000, 11 to 2001. 10
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BR

(7]7+:2001.11-2002.10)
12 10
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12 30 17
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il

W

38 17 25 40 41 18 27 15 28 15 22
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from 2001, 11 to 2002. 10

Table 8. Prevalence of diarrhea in postweaning, growing and finishing pig
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A o] WA RS A 10004 de AA F= Aol o] AT BAA EAds o
o7lxn o, 1 F FAAG AP HA AW T AAAA TP &k, =
AAbetE bl Al A dlHe] HWwES Hole Ao 35-50% FE7F H7|E gt
Mpycoplasma hyopneumoniae®] 7rdol| 2]3d e
HE e volmEdtzmpd Hidol o, v R A BA, 2 wHAbE 2 o=
L& olgkgo] EH< AWoltl. M. hyopneumoniae® ®1%E& wi$ 7}tbE 91}, Friis
brotholl A 2 x}&c}. v x| A M. hyopneumoniae’t AFet™ ¢k7re] w2 Ho|m
e diAbt=S wiEet7] el phenol red7b H7bE WA= ME7F SEAA Ak
Aol A #S Fed wl AF agars AMESE & FElH A AL, brothel o2 A
3 & agare] ZAS8oF colonyZF 2 AL wjkAdlE= 5-10% CO.9 sterol 2
glucose’} Z 23}t}. Brotholl Al 4 & Aldlgt & agaroll HEFste] 2-3¥o] Ay™

=
1)
X
=
R
Jo
i)

Ir
rﬂ
o
s,

F

‘fried egg’ colonyS #zs 4 9t}

M. hyopneumoniae®] A3 2= o8 7FA|7F e, WA AEE BEoR

HE

=l
A7 2 Ao R £ Huprh dojdrh du "R pEo] AEW =ty
o date= A doluA He=d, 53] olfA7d tE B €

A Rots: A FAE A=oE FH vE AEoR £ Hdurt A dojdth
M. hyopneumoniae®] A 3tol| oA HiEo] 7 & AEYU Aoz By Hi 9l
th 3 E=delAM e dAuE Frsem £& AH HEd 9 dojun, HdE &
71A gl ofs A dudvh FaAAd HAHS o dle] 9% ARolnw oy

A BAEAT Agwet B oawe] wyst R 2 JPS vAch BYH 43

_33_



Yozt ke, agal Wxe] o] Fagh Uy <lxto]t},

M. hyopneumoniae®] FFHo.= 18] HxZ7F FAE A THo| Fo]EWA
AN wAugol At w, diAFol og gaAtgo] AAFUA AEA WANHS
T3 Atk olg3 JAlae FARI F=
ot AEl7t X&E 4 gk AAEel &4, @A A7|BA F9e PEZpe

o] T Fhe] FE Ao

"ok giEAel 2% #@AFOoRE Pasteurella  multocida,  Actinobacillus

A o= Qs 23 Al

pleuropneumoniae?t 2w, shEs FAsteE Al Actinomyces pyogenes,
Streptococci, Staphylococcie ™ HIH 3] AHET}, o]AEZE Q3] g5 AEE] Bl
A7IA = 3533 o] o AsiAlw AAbso] FrbekAl FTh

g ddHe] e SAAA SohA W 9 2AgA AAS EgE M

[e) =] =

hyopneumoniae® 7ol ogr AFAS AT = Ak AR SArhAVO R g
S 371+= oE 99, M. hyopneumoniaes 3 %

olub AEolA A ol At ¥ 4d SE AeAz Bestow o)
2

APANA A em o] gtr]= ojefw wol vk B wHA A &t
I =

How IA¥EE M. hyorhinis, gla HzAe &3 AstE HHAdAd M
flocculare®] Q2 @o= Rlate] 4 #E Mol ¥ Aert & M.
hyopneumoniae$t M. flocculare= 3973, Jeists 54 51 A7 ol ¢ fFAket

7] W&ol M. hyopneumoniaeE &3 &2 4 7= F37 oy

o

B

o aa‘éfﬂ—

b B b

iy
N,

Al o 2= H A 2893 (complement-fixation test), 7Hg3d

-
oo

FAHk-S  (indirect hemagglutination test), enzyme-linked immunosorbent assay
(ELISA) s°] itk HAAgse F34 dAds st lofA njas nzhst
I EolZo)7|E &AW M. floccularey M. hyorhinis®t nxpgr<-o] Jojydt} wlo]:

Zgtzule] =" F 15574 A7 AEHAN 13-16F A=rF H9W 242
]
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A 24 A5 £ =Y

Agdista Forgste] T&7] TR gFHHE AE 2 FFV] TS Hol:

AEoriy AFHE TF7] WES dAARR ARESY 57 WEe2 AdAdd
=z
=

L Zebolm A2

ZglolnE YE=AHAdS dov)E= Toxigenic Pasteurella multocida type D}
Bordetella bronchiseptica’t 7}A131 0+ toxA gene (Genbank Access Code
X51512)s Wdew zefolmE  AFsgih. AW =Zetelm (TA-1: 2096-2113
nucleotides) 5'-CTT AGA TGA GCG ACA AGG-3 ¥ 9w =golw (TA-2
2942-2950 nucleotides) 5'-GAA TGC CAC ACC TCT ATA G-3'& A&t z+zt

TEEAL A o AEEEE FAY. EI FTFEAL AqEtse HAEUEE
=o)7] 9ste] (TA-3: 2270-2289 nucleotides) 5'-TAA CAA AGG TTC TGG TGC

CG-3'% AWF Zefolvz F714 0w Aasgt

o

L EdE A a4y dke
AutES i Su DNA A= 1w TA-1, TA-2 Zgo|H
(25pmol/ul), 540 10xreaction buffer (100mM Tris—HCl (pH 8.3), 400mM KCl, 15mM

Ol

fo
08
-

MgCly, Spg/mé activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP),

15U Taq polymeraseE z}z} ¥ i1, 5002 reaction volumeo] H =% WETEH SHTS
HA7bete] 2418 3 Thermocycler (Perkin Elmer, Norwalk, USA) & o]-&3}o] 94°C o A
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30z, 56TClA 30%, 72TColA 307t 40 cycle F3sta, wpA2o 2 72T 101+

HES-3lA T o] F 13 TF a4 AduSodAa Aozl ES 2uE AF sk, TA-2 9
L=
[e)

TA-3 Zefolw % o] §3le] AT 2AOR 24 FHEL AMNE S FASA 1,

= HQl 2079 #HAe AzxAE

x4 Ag7lE olgste dirHl =4 AYAAFES AH I Ev) T 3m FAR
¥ 3] hematoxylin & eosin @A3lo] 33 dujgdoz AT, FAd dEz2a2

University of Nebraska-Lincoln®] Dr. Alan DosterZ%-¥ M. hyopneumoniaes 23
FAAIZL = A9 #Hz2e wedA blockes FH wkow, £A4 dxdS ZEEHA

Fe 198 AE A2 ol g

N

5o

B #E

L of Ah&

i

o
&
4
X
e

Mycoplasma hyopneumoniae ] strain®]™, American
Type Culture Collection (ATCC 25934)e.=ZHE FU3}e]  Friis mediumeol
lFstdion, Ads 4Fnth AAEAT. DNA FES 98 mlojaEdt=vt
okl S 20000g® YA3 F Rapid prep microgenomic DNA isolation kit
(Pharmacia Biotech, Uppsala, Sweden) & A}&3le] 89 AL AAH M

hyopneumoniae®] DNAZS FZ3}3]th.
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o g A%

FqE A AHgNSS 9% ZalolwW= M. hyopneumoniae®l A Ae] Eo]F el
pMhP38 plasmid®] 1.8 kb PstI-EcoRI fragment® nucleotides & YAHZ F 3&}o]
PCRS F3s =iod ALE¥H primers &3t on, A3 9 upgd xefojn =

Z+7t 5'-GGT TAT CAA AAT TGC CAA TC-3' (nucleotides 851 to 870) I}
5'-TCC CAT AAC CTT GTG TTC AG-3' (nucleotides 1351 to 1370) ©]t},
THEL AHNES A% v 2L 1w AW 2 gk Zeboln (20pmol/ul),
100 10xreaction buffer (100mM Tris-HCl (pH 8.3), 400mM KCIl, 15mM MgCl,,
5ug/mé activated BSA), 500uM deoxynucleotides, 1.5U Taq polymerase® 2472t @1
1002l reaction volumee] HEE HvdH FHTE FH7Iste 42 $ Thermocycler
(Perkin Elmer, Norwalk, USA)E ©]&3}o] 94TColA] 30%, 56 CoA] 1%, 72TClA
185 35 cycles 33T}

PCR producti= 1% agarose geldll # 7] &3le] 520 bpel bandE &3+ F Wizard
PCR preps (Promega Biotech, Madison, WI, USA) & o]&3lo] =Z3 DNAS
AA|eka, DIG DNA labeling & detection kit (Boehringer Mannheim, Indianapolis,

IN, USA) & A}€3%t9 random labeling ¥ %, nylon membrane® % labeling®

z4 AHWE xylened] gdetd A7 F5FHAHLE AR F phosphate-buffered
saline (PBS; 0.01M, pH 7.4) ° 5&3F F3lvh A AFS =FA717] 93 02N
HClel 2087 A23te] @madSs AAZ T 200ug/me] proteinase K (Gibco BRL,
Grand Island, NY, USA) & 37CeolA 25%37F A3 F 4% paraformaldehyde®
oA 1023 nASA T PBSE 23] AlHg & 0.1M triethanolamine-HCI buffer
(pH 8.0) °l 0.25% acetic anhydrideE il 5% 7F acetylation A1zl ¥ 0.25% acetic
anhydrideZ 3 W vl Y3 58%7F Y acetylation A|ZATh 2xsaline sodium citrate

(SSC) (1xSSC; 50mM NaCl, 15mM sodium citrate, pH 7.00 = 1087 A3 *
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digoxigenin® 2 ¥ A|® DNA probeE 500ng/mle] %7} FHEZ  standard
hybridization buffer(2xSSC, 50% deionized formamide, 10mg salmon sperm DNA
(Oncor, Gaithersburg, MD, USA), 0.02% sodium dodecyl sulfate (SDS), 1%
Denhart’s solution, 50% dextran sulfate solution)oll 32]43}e] 30 HAEE slide
A9 "ojrmdd & coverslips ¥ 7FEAE]E rubber cementz &3 U
96 CoA 1087 7FE3te] 45T 15417 g 34t Hk-8- T coverslip
A AL o] 4xSSCell 5&7F 23], 45T 2xSSCeF 9] 2xSSCellAl  7+zt

02 23], Z18lal 02xSSColAl 5&7F 23] A2 & maleic acid buffer (Buffer 1;

(
4

100mM maleic acid, 150mM NaCl, pH 7.5 = 5%%F *8d & 1xblocking buffer
(Buffer 2) oA 4083+ A=t $A$S HE3517] 93l alkaline phosphatase
conjugated anti-digoxigenin (Boehringer Mannheim) < Buffer 29] 1:5002.%
slasto]l A AHE Qo & "olmd F 37ToA 90&E3F W&t o] #d &
Buffer 14 23], Buffer 2914 23] 2] + detection buffer (Buffer 3; 0.1M
Tris-HCI, 0.IM NaCl, 0.05M MgCl, pH 95)% 5&7F AHgstdvh s 934
alkaline phosphatase® 7]& <2l nitroblue tetrazolium® 5-bromo—4-chloro—3-indolyl
phosphateE Buffer 3o 3435le] 2z ZH¥HSo & dojrmgl & 2o A 3-4A7F
AL HEE A AT HAo] EyY F tris—ethylenediamine tetraacetic acid buffer (10mM
Tris-HCI, ImM EDTA, pH 80) o oJegj A3t wkg&S FAA2 F 05%
methyl green® 2 2N F FFFol AlHsto] 43

dAn)d o w #EE G

12

2l 3 mounting3}¢]
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. #@ebs AL
B8 ¥ MTEL Bovine hyaluronidase (3 U; Sigma), Flavobacterium heparium

chondroitinase AC (0.2 U; Sigma), Flavobacterium heparium heparinase III (0.4 U;

Sigma) o] A7HA B2E olgsto] el It HAE B s

U AR R4 AA

NCCLSo A At dAA A FHAH | £38}o] agar dilution MIC procedure® 7
ALE Yt} A ALl A& 3k A A = Ampicillin, Danofloxacin,
Trimethoprim/sulfa, Tiamulin, Tylosin, Tetracycline, Penicillin, Spectinomycin,

Lincomycin, Gentamicin, CeftiofurE A}-& 3} t}.
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FgE2 AMNIS oEF ASY vg AWy Solwg HAss skl
Actinobacillus  pleuropneumoniae, FEscherichia coli, Bordetella bronchiseptica,
Mycoplasma hyopneumoniae, Porcine reproductive and respiratory syndrome virus,

porcine circovirus 2, porcine respiratory coronavirusE HAAFSFR v, wxpurgo Bzt

AUk A 10° A7 HAEe 4

A om 2vkA wrgo A= 10 Y AZbA] AET S Adrh o]E ¢F 20 organisms7t

FoAA MEElE A=Y 237 £57] |
& oA 10719 FaFAe do] FYHAoH, TFEL AANSAAE 2177 &
Adk2-S YeEl it} (Table 1)

PCR Isolation of toxigenic
No. of samples _
Conventional Nested P. multocida
7 + + +
8 + + _
3 - " N
2 - + _

Table 1. Detection of toxigenic Pasteurella multocida in nanal swabs using

bacterial isolation, conventional and nested polymerase chain reaction.
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PCR

No. of nasal swabs

Nested

Conventional

16
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Table 2. Comparison of conventional and nested polymerase chain reaction for the

detection of toxigenic Pasteurella multocida directly from nasal swabs.
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DPI
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Interstitial Type 1
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of Pigs
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21
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In situ hybridization for lung tissues experimentally infected with

Table 3.

Mycoplasma hyopneumoniae.
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2l DNA probe& Al#tste] 22l wgW S s 23 A1 e 10579 A ¥

240N HEY Aol Qlort safdeite] SolHel

AEdista Westude ozd 7HEoARE 23070 staFAetds dA7A
skt 230709 S 43 A3 capsular A type°ol 20078, D type°] 971 =
TREFeH, 230709 i T 30707t toxA FAAE BHAsta o, 200709 o
toxA FTAAE BAretal A Fekth (Table 4).

Capsular serotypes

toxA gene
A D Untypable
positive 26 (11%) 2 (1%) 2 (1%)
Negative 174 (75.7%) 7 (3%) 19 (8.3%)
Total 200 (87%) 9 (4%) 21 (9.3%)

Table 4. Prevalence of relationship of capsular serotypes and toxA genotypes of 230

Pasteurella multocida isolates from pigs with pneumonia.

oy

23070 At F 134715 AdEiA 117 FA A dig A AALE A A
ceftiofur, danofloxacin, gentamicin % penicilline] &¥7} &= Aoz HAHE Q).

(Table 5)
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Antimicrobial Range MIC (ug/mt) breakpoint MIC50* MIC.q(;r
agents (g/ml) g I R (ug/me) (pg/mb)
Ampicillin 0.25-8 025-2 4-16 >32 0.5 4
Danofloxacin 0.5-256 <2 - >8 0.125 2
Trimethoprim/sulfa 0.5-256 <2/38 - >4/76 256 256
Tiamulin 4-64 <8 - >16 16 32
Tylosin 0.5-256 0.31-5 10 >20 16 32
Tetracycline 0.5-256 <4 8 >16 32 64
Penicillin 0.25-64 <2 - >4 0.5 1
Spectinomycin 8-128 0.75-12 24 >48 32 64
Lincomycin 8-128 <05 1-2 >4 32 64
Gentamicin 0.5-32 <4 8 >16 4 4
Ceftiofur 0.06-8 <2 4 >8 0.06 1

Table 5. Antimicrobial

susceptibility determinations (MICs

and MICq) of 134

Pasteurella multocida isolates from growing and finishing pigs with pneumonia.

* S = susceptible, I = Intermediate, R = resistant

' MICsy and MICgqy refer to a cumulative percentage of susceptibility i.e. the

concentration at which 50% and 90% of the isolates were found susceptible.
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Legends of figure

Figure 1. Nested PCR Sensitivity. Ten=fold dilution of the extract toxigenic
Pasteurella multocida DNA (0.lug/ul) from 10" to 10® Product was detected up to
the 10,

Figure 2. In situ Hybridization on lung tissue infected with Mycoplasma
hyopneumoniae.Positive signal (dark brown) was detected in the border of the

bronchial epithelium.

Figure 3. In situ Hybridization for toxA gene on the lung tissue infected with

Pasteurella multocida type D.
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B Ee] 1203719 EE/1AW L ol E e} violmFebxrt YW (3717), HaF A

=
dH H(2417), A HAIIA)S AEede violaEet=vpddd el F- 108 A

(717+:2001.11-2002.10)
4 1 12 1 2 3 4 5 6 7 8 9 10

vtolZEet=rbgdHE 108 27 38 3 11 8 1 2 6 55 27 &
a2 5 A b o | 34 23 28 10 18 17 6 9 11 31 18 36

T " 9 23 139 9 5 7 3 2 6 8 7

Table 6. Prevalence of pneumonia in pig from 2001, 11 to 2002. 10
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A 23 Az L 9

T TR oY HAA=REH AHE 274 A& Addd /A" F rted
W) Alg AAE sto] F EEsAE FAGAT [ LS #lske] AHE AE2
10% sAFx2Dddd 24713 aAs o, Al A A4S 74 depd £

1} 8} 31, hematoxylin and eosin (H&E) stain® & <& 23},

L. wpol g 2~ HA

g2 Azvlel#g]~ 183 28 (Porcine circovirus type 1 and type 2; PCV1 &
PCV2), A A7 5357 Z3F ulole]~ (Porcine reproductive and respiratory
syndrome virus; PRRSV), #% %&7] =Z=Z4Y 4Hlo]gf2  (Porcine respiratory
coronavirus; PRCV), ®l#A] AZFd=} vlo]l#]~ (Swine Influenza virus; SIV), A
QA 2~7] wlol#l~  (Porcine pseudorabies virus; PRV), #1# Zdlg wHlolg|x
(Classical swine fever virus; CSEFV)ol w3t & HAIE WHIzZseH ZAY

AW, WY P FAWE o) §ahel mole 20 EF FPINE FAsAL

Ll
ll

_I
o

oo A 2 54

oy M=o 2Ry dojXl HAHxzA AMEERYH 57 A3 A gaFdehd
(Pasteurella multocida), &=v¥ @ (Actinobacillus pleuropneumoniae), Hemophilus
parasuis Y5 A XA SR, FHAET] EHFAES 9% 5%

sheep blood agarE AF&3te] Z7]8f% 39121, Hemophilus parasuisi= chocolate
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agarg ©|&3sto] @7|wjF st
&+t (Escherichia coli), »r = # 2 (Salmonella choleraesuis, Salmonella typhimurium)

5 42317 A3 Al B85 Yste] 5% dAuj A 9} Tergitol-7 agars AF&31% ).

2. % THEL AANES o] &3 # A Manpol s 293 A gfEuEte]e A

o oAHE A Aagsd wE WA FHs, Qiagen"oRFEH THF

L, Zetol A
T THEL AHNSES FHE] skl A Aautelel s 28 9F s A gfH o]
gl 2ol So]AQl EZetolmE vl shflvh A A supole s xeholw = Porcine
circovirus type 2 (Genbank access code : AF465211)2] open reading frame 2
(ORF2) F-flellA Zepolw & Al Astainh. sHAl Aaintolej 2o AWdF kol (AF)
+ 5= CAG TTC GTC ACC CTT TCC C-3" (939-957 nucleotides), 93 Ze}o]
H(AR)E 5-GGG GGA CCA ACA AAA TCT CT-3' (1466-1485 nucleotides)”} %
=5 AlAskd T
P # gpmulolg]~ Zglo]lmi= viral protein 2 (VP2)E Eo]xo g FE3 4 Q%
= YA sdvh siA] strapole e tid A zeholv(BF)= 5-CAT ACA
CTG GAC AAT CAC AAC AAA-3' (3451-3474: nucleotides), <3 >Zz}o]# (BR)
+ 5-GCC TAA TG CTG TTG CTT CTG-3" (3760-3780: nucleotides)7} = =% A
=3} ek,
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THEE AHTES SEiA 5 DNA 239, 1u AF, AR, BF, BR ~z}o|H
(25pmol/ul), 5ul 10xreaction buffer (100mM Tris-HCl (pH 8.3), 400mM KCl, 15mM
MgCly, 5pg/mé activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP),
15U Taq polymerase® 22t ¥ il 50409 reaction volume®] H &% Wi dH SHFE
A7Fsle] 41L& & Thermocycler (Perkin Elmer, Norwalk, USA) & ©o]-&3}o] 94Tl A
30%, 60TColA 30%, 72TCA 603t 35 cycle 338tx, vlx|Foz 72T 10&3F §
L3t g asr A9 AE 10 ethidium bromide®Z G ME 2% agarose

3 .

£
Rty

o

3.9 =HORRE HA Azuteld s 29 HAES 9% 29 FHEL AMNS

Aozt H 10m HHE AFSo]  eppendorf tubeol ol EAH &
THlstg o, 7 AE AFHA 27 ARy VFeS H43 A3t DNA
F=o HAstE =S 7] Skl v 2ol AVkA BRe 3o w ety
43 DNAFEAA S Tl 4z & sad §Hox 1083 At
dage AHS FYPFT F 5000 23k Ao 56T overnight A 2]skieh. o] F
100C 8&7F 71¥3te proteinase K& E&3 A]7]3, phenol-chloroform-isoamyl

alcoholS °]&3le] DNAE F&, €32 &2 3 AsA T (Table 1)
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FE= W9 FE=H A F=W B =49 C
@ veta
Toluene Xylene Xylene
&l

200¢g/ml proteinase K 200ug/ml proteinase K 200ug/ml proteinase K
Ealeigic B

10mM Tris 10mM Tris 10mM Tris
(Digestion
ImM EDTA 1ImM EDTA 1mM EDTA
buffer)
0.5% Tween 20 0.5% SDS

Table 1. Solvents and Digestion buffer to extract DNA from paraffin-embedded

tissue.

o1z 2 2ak S EA A Zekoln A&

13 TFE42 dukSol AHEE Zgolm 24 Ellis 5ol 1A A 3nfole] 2 28 ¢
open reading frame 2 (ORF2)F-$]oA tiz}eldt Eo] xglo|HE ALt AHESE
Zgto]H(PCV2 F1)& 5-CGG ATA TTG TAG TCC TGG TCG-3' (1095-1115
nucleotides)9} W3k Zglo](PCV2 R1)E 5-ACT GTC AAG GCT ACC ACA
GTC A-3" (1570-1549 nucleotides)® A& = At E3 AE AEE T7HA717]
ko] 22 FHEA ANkl o] & ZgolmE FrHHom Azttt 23
kg0 Aurgk ZElo]H(PCV2 F2)& 5-GAT TGT ATG GCG GGA GGA GT-3’
(1286-1305 nucleotides), 3 Zzto]H(PCV2 R2)+= 5-ATT GAC GAC TTT
GTT CCC CC-3’ (1510-1491 nucleotides)® 1z} WFEF-91e] U Fo A==
= A Ko A R S R

sepd Ao 2RYH FEE DNAC skl 108 @A A4S AH HAEFE=
Eal

e AR HAAS Fdsslen, Hx AYY] 2F7] S5 dbol#s, HA
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gunfolelz, @A) Ameloles 1de] AN wANEG ARE FAFowH Solw

AAE FB3Hc

g TFEL A
THEE AdPES #8410 DNA 439, 1t PCV2 F1, PCV2 R1 Zeg}o|wH

(25pmol/ul), 5ul 10xreaction buffer (100mM Tris-HCl (pH 8.3), 400mM KCl, 15mM
MgCly, Spg/mé activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP),
15U Taq polymeraseZ z}z} ¥ i, 5002 reaction volumeo] H =% W SHFZ
A 71ske] 442 & Thermocycler (Perkin Elmer, Norwalk, USA) & ©]-83}¢] 95T ol A
18, 65TCAA 18, 72CAA 1+3F 35 cycle §338ta, vpx9t @A 72T 103
BhEstdnh ol % 1A FFEL AMNEAA Loz =S 10E AHFH s, PCV2

st 24 dAE FEah dnee AHE 10uE ethidium bromide
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olfr At HAE ARA FFw AA AdE 2079 A= A Azutol s 2
3t A drntelel s AAFAAR 8F AES A FER AMEEGIT A43%
A& 98k 1279 AES Ao, 45 SANRTOER HH K anfol

o LAEA e Axudds FTad e, 859 dPTel= HA Mantole s 2

Fo wholelz wide] Imink WA shurtele s Wl Imle WA el HEh
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u. §H& 2 (Probe) A2}

R A mntolE 2~ 28] open reading frame 2 (ORF2)olA AojZ 481bpa 7] 2
DNA 45 &3A Azl o] &stdct Awady} 9wkaf zefolm 24 5-CGG ATA
TTG TAG TCC TGG TCG-3’ (1095-1115 nucleotides)®} 5-ACT GTC AAG GCT
ACC ACA GTC A-3" (1570-1549 nucleotides)E ©]-&3te] FZ ettt S35 ¥ DNA
£ AAste] Biotin® = §19] A8kl s x| M avtole] s~ G325 A Zst AT
%] sprnpele 2~ VP2 F-9lelA FEHE 226bp 2719 DNA &84S T3 A A =
ol &3ttt M g ZefolmmA 5-CCA GCA GCT AAC ACA AGA
AAA GGT TAT CAC-3' (3708-3737 nucleotides)®} 5-GTC CAT GTT GGT AAT
CCA TTG TAA ATC T-3' (3906-3933 nucleotides)E ©]&3to] FZ3} o)
DNAE AARAS 713 Digoxigenin® & o] EX3la =% Irufolg] e thak
G2z o] §3k3it

=]

i

ofN
e

thools AW ugy

datd F oug 24S 10% T4 T2 24-48A17F T AHAZ F dubAl 24
AYAAS Ax Fgd Ev) F 4m FAR AAS] Superfrost/plus slide (Fisher
Scientific, Pittsburgh, PA, USA)dl F-2A|A AFo R#AsATE 224 dHS xylene
of gntgldl A7l A S AZ F phosphate-buffered saline (PBS; 0.01M, pH
74) o 583+ T3t} Target nucleic acidsE =%A]7]7] 93] 02N HCloll 20%3F A
gate] @A S AAZ T 200pg/mle] proteinase K (Gibco BRL, Grand Island, NY,
USA) & 37TCollA 2583 *
At PBSE 23] Al&d3 3 0.1M triethanolamine-HCl buffer (pH 8.0) ol 0.25%

28] 3 & 49% paraformaldehyde® Ao A 1087 1A s}

acetic anhydrideE Y11 53%3} acetylation A171 & 0.25% acetic anhydrideZ 3+ ¥ ¢
Yo 587 Y acetylation AlFTF 2xsaline sodium citrate (SSC) (1xSSC; 50mM
NaCl, 15mM sodium citrate, pH 7.0) & 10%7F A3 3 digoxigenin® & FAH A
stunpolef s B Ae} biotino. 2 FAE sjA Aaupold s HIAES A7 Ing/w ol

F5%7} Y% % standard hybridization buffer(2xSSC, 50% deionized formamide, 10mg
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salmon sperm DNA (Oncor, Gaithersburg, MD, USA), 0.02% sodium dodecyl sulfate
(SDS), 1% Denhart’s solution, 50% dextran sulfate solution)ell 3]43}e] 30l A==
slide 2290 "Wolxd & coverslipE Y1 7}428] S rubber cement® 2+ %23+ v}
& 9HTCoAA 10E7F 7FEste] 45Tl A 15A17F w3FRES sFA T,

A stEutel g 25 HESH] A WS T coverslips Al ASEL 9] 4x
SSCell 527t 23], 45T 2xSSCeF 9] 2xSSCollAl 7+7t 1024 23], 18]al 0.2x
SSColl A 587F 23] AlE 3 maleic acid buffer (Buffer 1; 100mM maleic acid,
150mM NaCl, pH 7.5) & 5%3t A 2§k ¥ Ixblocking buffer (Buffer 2) oA 40%&
Agstae. FANSS HAE3S7] Yel alkaline  phosphatase  conjugated
anti-digoxigenin (Boehringer Mannheim) & Buffer 20l 1:5002.2 3]A3}o] z2 dH
ol # "ol & 37Tl 1A1Zs< vhEAZ T g0l &1 % Buffer 104 2
3], Buffer 2914 23] *# % detection buffer (Buffer 3; 0.IM Tris-HCI, 0.1M NaCl,
0.05M MgCl,, pH 95) & 5%3F Ae]atgieh. WA& $)35te] alkaline phosphatase®] 7

A2l nitroblue tetrazolium®™ 5-bromo-4-chloro-3-indolyl phosphate® Buffer 39 3]
Mkl x2 Ao & "ol F AF2olA 3447 A RbEA T By o] F
W % tris—ethylenediamine tetraacetic acid buffer (10mM Tris-HCl, 1ImM EDTA, pH
8.0) o oA Azt WS F A8

HA AzZuol 2ol HES Y3t F 2 A peroxidase-conjugated steptavidin
(Boehringer Mannheim)< 1x blocking buffere] 1:3002.2 3]4]3s}o] 37CAA 1A 7Hs
ot wkg-3tsich Wk & Buffer 17} Buffer 20141 1084 13] A2 % detection buffer
(Buffer 3; 0.IM Tris-HCI, 0.IM NaCl, 0.0oM MgCly, pH 95) 2 5&3F A2 st
s Q]3te]  peroxidase® 7] &9l 3-amino-9-ethylcarbazole (AEC) (Sigma
Chemical Co.)& ZA4el A&ste] AAom WwAsiiet, dA & 32 FRFol +3]
A3l Mayer's hematoxyline® thxgA skt dixzdM & Crystal/Mount

(Biomedia) & ©]-83}4] wet mounting 3} t.
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5. 207 T EA AHANEES ol &3 WA Zdet vpolg A dy s

A Zelel vpole] 2ol HAE FEA o] dely A AFHsA o HE2 A
Z & QAalste] 43 42 B8, FicollS o] 83t buffy coatE #eldte] Z+
Zro A RNAEZ ¢ utelef~ #El& Ak apqih Ao =3 zhg w3 E A A5t
seminal fluid, non-sperm cell, spermatic head® &3 3}1 ZZtolA] RNA =3} #H}o]

dx welg AEdd.

. RNA F3&H

A9 FEd 500E AF3F] Trizol LS (Gibco BRL) 500ul9} &§sle] 1083¢H
AA AT, o] F 300ule] chlorformE F7}8Fe] vortexdta, 103 AA AL F
Mol oz Fe7k 7] AR 4000g 1583 st 2eE dE5d 500uE
AN # 3F] isopropanold T E3tslo] -20C 2417 oA A A A ZITh 14000g 30+
AAE AN A5 AE e, 70% Ethanol 500t o2 A&l 14000g 30 3F
A4 s Arsrd 9ol B F duss wEa w4 30ut DEPC D.W.ol

A

1974 SFELn AHrgol AFEE zetojmEA =H#] Feet o] 2]~ (Classical
swine fever virus Alfort strain)®] 5 F-9lel4] o] Zgtolm & tjzlstalct. W&k
Zeho](HCV F1)E 5-AGA CGG CCT GTA CCA TAA TA-3" (1062-1081
nucleotides)9} GHrek Zlo]H(HCV Rl)+ 5-GTA TAA GAT GTC CTC CAC
GG-3" (1671-1652 nucleotides)®= A ZHH At E3H HE Fes S7HA717] #s5k4
29 SHEA AANEol o] &F ZgolmE FrHH o AFE 28 wEE-4
Are oW (HCV F2)v 5-GAC AAC GGC ACT AAT GGT AT-3
(1201-1220 nucleotides)& Al &tatal, Wk xeto]m = HCV Rl1< o] &3ttt
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ol]#] 29 Tissue culture infectious dose (TCIDs5)E =H3sla, ZF FEEHE
RNAE FZ3Idth. 5% RNAol tiste] 108 &4 sldS AA HE3wo sk
TRt e, #HA AV TEF7] FET vlelgl~ (Porcine

&

f

reproductive and respiratory syndrome virus), %X @Hulolg]~  (Porcine
parvovirus), S| A A @wtold = 18 2 2% (Porcine circovirus type 1 & type 2)9

a4 wAWS o] ¥ Festarh

zZ7 FAZFEH FE53F RNA 10, DEPC D.W. 354, 256mM dNTP 240, 10X PCR
buffer (1.25mM MgCl) 210, random hexamer 0.50, RNase inhibitor(50U) 0.5u40,
MuLV reverse transcriptase(200U) 0.5x¢ (Perkin Elmer)E& &&3d}o] &Wh3=S 1040
B2 e Fof 42Tl A 40%7F vkgsto] AL Whg-& Falste]l cDNAE A ekttt

SRR

olo

S vz 10p09] cDNA templated] &4 A YA 1w
HCV F1, HCV R1 =#o|¥ (25pmol/wl), 5ul 10xreaction buffer (100mM Tris-HCI
(pH 83), 400mM KCl, 15mM MgCl,, b5pg/m¢ activated BSA), 0.2mM
deoxynucleotides(dATP, dGTP, dCTP, dTTP), 1.5U Taq polymeraseE 2z}Z} ¥ il 50

w2l reaction volumeo] HE&H Wid FTHIFTE HI7Este] 42 ¥ Thermocycler

(Perkin Elmer, Norwalk, USA) & o]&3}o] 94T oA 30%, 55ColA 30%, 72Tl A
187 35 cycle 38ta, vpxe @A A 72T 10E7F ¥rgstsich o] & 144 =3
T Aol Aozl AEES S5uE AFSHL, HCV F2 ¢ HCV R2 Zeto|w &
o] g3t FUS 2o R 2uA FFEA AMNES S FHAL 7 dAE F

AHkE o] A& 10uE ethidium bromide®Z A ME 19 agarose gelo] d7]9% &

o
B>

45
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sheivh. Aol AFEHE A=

ottt A" A= 9 AviE XE9d uAgsta g 2wt

Superfrost/Plus slideol] 4um 5712l ZAAHL #udte] 2 ol A&

weh, ®3A AZE gk Z2F vtolei v HA Fde 9wl
&

Classical swine fever virus Lome straing A}

. &3 2 (Probe) A2}

A ZFeet wpolel 29 5 regionol A GHAL F
471bp=71¢] DNA 45 @32 A zfel o] &3ty Mwkaka} owaF Zepolm 24
5-GAC AAC GGC ACT AAT GGT AT-3" (1201-1220 nucleotides), 5-AAA GTT
TTT CCC TTT CTT GC-3’ (1605-1586 nucleotides)E ©]-&3to] TZ3th 34
DNAE AA|3}e] Digoxigenin® 2 U2 EA3Fe] HA Z# el nlolg]~ EHAE A

H 59l A7 24E 10% T4 E2Tdol| 243 IAHA F dukEQl
x4 AYA4S AAH A 2o * 4m FAR
(Fisher Scientific, Pittsburgh, PA, USA) o H-ZA1A A2 BaAstgnt. 22 48

xyleneo] &gt A7z FHAHS AZ E phosphate-buffered saline (PBS;

A sle]  Superfrost/plus  slide

0.01M, pH 7.4) o 587+ At} Target nucleic acidsE =%41717] 93] 0.2N HClo|
2087 A st @S AAZL T 200pg/ml e proteinase K (Gibco BRL, Grand
Island, NY, USA) & 37CAA] 2583t *est & 4% paraformaldehyde® -2 ol A
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087 A3 PBSE 23] A23 3 (0.1M triethanolamine-HCIl buffer (pH 8.0)

2

| 0.25% acetic anhydrideZ % i1l 57t acetylation A7l % 0.25% acetic anhydride
E % H ¢ ¥u 583 9 acetylation AlFH U 2xsaline sodium citrate (SSC) (1x
SSC; 50mM NaCl, 15mM sodium citrate, pH 7.0) & 10%7F A3 % digoxigenin® &
2AE A FeEg wolglx F3AE A4 Ing/we] FE7F HEE standard
hybridization buffer(2xSSC, 50% deionized formamide, 10mg salmon sperm DNA
(Oncor, Gaithershurg, MD, USA), 0.02% sodium dodecyl sulfate (SDS), 1%
Denhart’s solution, 50% dextran sulfate solution)ol] 31413} 30 HEZS slide &3
Ho @ojmdl F coverslip2 Yl 7FEAE]E rubber cement® Z 53k t}S 94T
A 10E7F 7148t e] 45T oA 8A1F wak-g- kel ENES & coverslipg Al A3
3L 9] 4xSSCell 5i3F 23], 45T 2xSSCeF 7d=-9] 2xSSCeolA zhz} 1084 23],
2231 0.2xSSCol Al 5i-3F 23] AlZ $ maleic acid buffer (Buffer 1; 100mM maleic
acid, 150mM NaCl, pH 7.5) 2 5% A3 F Ixblocking buffer (Buffer 2) A
4087 Agskdeh FANSS #HE=3sl7] ¢ alkaline phosphatase conjugated
anti-digoxigenin (Boehringer Mannheim) < Buffer 2] 1:5002.% 3]X3lo] 2z HdH
ol z "ojrmdd 5 37TolA 1A ZFEE RESA AT whgo] ¥y F Buffer 13
Buffer 2014 10%4 13] A& % detection buffer (Buffer 3; 0.IM Tris-HCI, 0.1M
NaCl, 0.05M MgCl;, pH 95 = 5L5&3F Aok WS 95te]  alkaline
phosphatase®] 7]& ¢l nitroblue tetrazolium¥} 5-bromo-4-chloro-3-indolyl phosphate
£ Buffer 3¢ 3]4]sto] =24 9o & "ol F oA 3-4A13F & WEgA|
Atk wAo] FY 3 tris—ethylenediamine tetraacetic acid buffer (10mM Tris—HCI,
ImM EDTA, pH 80) o oJ&jH A st dg& FA AT 05% methyl green® =
Nz & FHFol AHste] gds] T F m
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Viral pathogens Bacterial pathogens

PCV2 PCV1 PRRSV PPV SIV PRV CSFV APP PM  HPS

No. of 133 21 39 34 20 0 0 38 33 43

cases (%) 100 15.8 293 256 1560 O 0 286 248 323

Table 2. Prevalence of porcine circovirus—2 and other infectious pathogens in 133
pigs with postweaning multisystemic wasting syndrome from 1634 pigs examined

between January 1999 and December 2000.
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Legends of figure

Figure 1. Cases of postweaning multisystemic wasting syndrome diagnosed by

month from January 1999 to December 2000 (n=133).

Figure 2. Cases of postweaning multisystemic wasting syndrome diagnosed by age

from January 1999 to December 2000 (n=133).

Figure 3. Lymph node, pigs with multisystemic wasting syndrome. Multiple,
grape-like intracytoplasmic inclusion bodies (arrow) were often seen in the

cytoplasm of histiocytic cells. HE. x400.

Figure 4. Lymph node, pigs with multisystemic wasting syndrome. Multiple,
grape-like intracytoplasmic inclusion bodies (arrow) were often seen in the

cytoplasm of multinucleated giant cells. HE. x400.

Figure 5. Liver, pigs with multisystemic wasting syndrome. Several multinucleated

giant cells were seen. HE. x200.

Figure 6. Lymph node, pigs with multisystemic wasting syndrome. Positive

hybridization signals for porcine circovirus—2 nucleic acid occurred in the germinal

center. In situ hybridization, methyl green counter stain. x400.
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Hom, o]Fe Al 36719 npelelx~7t & H At (Table 3)

Virus isolation In situ hybridization = Multiplex PCR

PCV-2 and PPV 6 12 12
PCV-2 only 36 41 41
PPV only 0 0 0

Table 3. Results from 53 pigs with postweaning multisystemic wasting syndrome of
virus isolation, in situ hybridization, and multiplex PCR of porcine circovirus type 2

(PCV-2) and porcine parvovirus (PPV)
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DNA extraction methods (%)
F=9 A F=% B F=4 C
12 PCR 17 (45.9) 26 (70.3) 4 (10.8)
22 PCR 34 (91.9) 37 (100) 7 (189)

Table 4. Comparison of PCR between extraction methods from paraffin tissues.
G oY FE% DNAE 109 @A 48] RIZHE HAARS sastalh. RFHE

AAA B 12 PCRAIAE 10774 HZ&3 4 qdlon, 220 PCRZA I A= 1008 #

243 10744 7258 5 9ok (Figure 89)

_69_



M1234567

o

200

M123406 /78

op

500
200

M 1 2 3 A5 6 7 o

)
LI

_70_




Legends of figure

Figure 7. Detection of porcine circovirus type 2 (PCV-2) and porcine parvovirus
(PPV) using multiplex PCR. Lane M; 100bp DNA ladder, Lane 1, Negative control,
Lane 2; PCV-2 standard strain, Lane 3;PPV standard strain, Lane 4; PCV-2 and
PPV standard strain, Lane 5; PCV-2 positive sample, Lane 6, PPV positive sample,
Lane 7, PCV-2 and PPV positive sample

Figure 8. Conventional and nested PCR sensitivity. Tenfold dilutions of the
extracted PCV2 DNA from 10" to 10" were used. Lane M = 1-kb DNA ladder;
lane 1 = conventional PCR for 10" dilution; lane 2 = conventional PCR for 10
dilution; lane 3 = conventional PCR for 10 dilution; lane 4 = conventional PCR for
10" dilution; lane 5 = nested PCR for 10" dilution; lane 6 = nested PCR for 10
dilution; lane 7 = nested PCR for 10 dilution; lane 8 = nested PCR for 10

dilution.

Figure 9. Comparison of three DNA extracted methods by conventional PCR and
nested PCR. Lane M = 1-kb DNA ladder; lane 1 = positive conventional PCR; lane
2 = positive nested PCR; lane 3 = conventional PCR using method A; lane 4 =
nested PCR using method A; lane 5 = conventional PCR using method B; lane 6 =
nested PCR using method B; lane 7 = conventional PCR using method C; lane 8 =
nested PCR using method C.
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Legends of figure

Figure 10. Lymph node; pigs experimentally infected with both PCVZ2 and PPV at
28 dpi. Positive hybridization signal for PCV2 in the germinal center. Single in situ

hybridization; x400.

Figure 11. Lymph node; pigs experimentally infected with both PCVZ2 and PPV at
28 dpi, Positive hybridization signal for PPV in macrophages. Single in situ

hybridization; x400.

Figure 12. Lymph node; pigs experimentally infected with both PCVZ2 and PPV at
35 dpi, Positive hybridization signal for PCV2 (arrows) and for PPV (arrowheads)

in macrophages. Double in situ hybridization; x400.

Figure 13. Spleen; pigs experimentally infected with both PCV2 and PPV at 35 dpi,

Positive hybridization signal for PCV2 (arrow) in the white pulp and for PPV

(arrowheads) in the red pulp. Double in situ hybridization; x200.
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Legends of figure

Figure 14. Agarose gel electrophoresis of reverse transcription-polymerase chain
reaction (RT-PCR) and seminested RT-PCR products of classical swine fever virus
detected in serum and semen samples collected from experimentally infected boars.
lane 1, RT-PCR from positive control; lane 2, seminested RT-PCR from positive
control, lane 3, seminested RT-PCR from negative control, lane 4, RT-PCR from
serum at 11 days postinoculation (dpi); lane 5, seminested RT-PCR from serum at
11 dpi; lane 6, RT-PCR from semen at 7 dpi; lane 7, seminested RT-PCR from

semen at 7 dpi.

Figure 15. Lymph node; Classical swine fever virus RNA (dark brown reaction) is

detected in the lymphocytes. In situ hybridization.

Figure 16. Lymph node; Classical swine fever virus antigen (red reaction) is not

detected in the lymphocytes of lymph node. Immunohistochemistry.
Figure 17. Lymph node; Classical swine fever virus RNA (dark brown reaction) is
detected in the cytoplasm of mononuclear cells and Iymphocytes. In situ

hybridization.

Figure 18. Spleen; Classical swine fever virus antigen (red reaction) is detected in

the cytoplasm of mononuclear cells. Immunohistochemistry.
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