ARIRINTUNUINENAE

NUIRE
nasusEmAnaNing
INENTUNANITIAE

nsANEINENE AL EATa9l2sAN a1F a4 1ad

anenugnuanlaluilszmalne

g

wie g9lsanl sueHYLT

Pau nsngaAN U WA 2546



nnenssNUsznA

(Acknowledgement)

v o

AMTEASEURURLANS UAN. AN INHUAIANAYN W5 Y& Wuglsznn HanToyaunin uay

aQl q v o
o a o a s

WAARINA AENNT WILATT SAUN91Hn WA Ban unimilneans wansing 1w1udnina waeagns wad

q 3

UsznnTu wienigna yyen wengeaiies ATdud w.a.aiian udunauta wediaAng sueds w.a.sin

CRE

a o a

A% e wiednyey dunna wienila assrdssiaty UAnduLin 6 AnzdmaunneAans ainaensnd

NuaneNde Un1sAnm 2546 Ndaamaed udndmasesuazAuieal JiRns uaznesmuianaiiien

AT AN INENANERTTININ TINNFRU 2545 AFIN2 NINAIUNITIRL



Falpsanisiqs  nisAnwmenanidaneslaiai a1 81f wa araiugiuenldlulszmelne
TagIae wie falsanl aUNNeEYNT Uar wa. duiln g3ving

o a0 a a <
LADULAZUNNIIAELFSA ﬂﬁ‘ﬂ{]’]ﬂll 2546
UNARta

TaFai 815 815 woa Muanldlutlsuinalng v 2 areiugaunsomilanth ldiialsald Tnawy
41 TaFai 015 015 1ea anewug US (01NP1) nalsaguusendn la¥ad a1 anf lea anesiug EU

(025B3) wazdsnwusaalsnguusalugnandugnsdui 15 uinwuuaumiauaasleia A 815 215 1aa Tu

'y

dnve & . . o ol o & 4 s « A .
gnangunlaiumearsiuge lstunndnaneiugenisng Tuumuyniladienléiiunisasma lafai anf
815 194 aneug EU onawelidialugnsliuiunduazanalnalifiinniay persistent infection ¥in

, o o X o a X S oAy | Ao o o
EINFANIINNTAIEBNAINENANT WANAINHUEINLNIFNNTUIDIEUNATS IL-10 aeinedliedrAny

aa & = 4= = = & oo X o o Pe -
NINANEG (p<005) "“]']ﬂLN@Lﬂ@ﬂﬂqqmuﬂuqLﬂ@ﬂ@Lﬂﬁlqiuﬂiz%@L@@ﬂm@ﬁ@ﬂ?miﬂm@i@ﬁ‘@ W 81T AT

g 04 Auh 5 uay 12 naensliide wenanifasmanunainaueedunad e IL-10 uay IFN-Y
& & A ,5 v 1 a o o o aa AI o ai o Yo d’l/
a9 afidnlaen1199 NNANeLen et lludAYN1eana (p<0.05) Fuandun 9 naslasude

¥ W 21% 815 1o usdlinuauuansnsszndateiuglaialunainauesduna¥is cytokines

[
a e a a

Inagau (p>0.05) andayaddedlfitiugn nnsiunisa¥ie IL10 lugnsniinmaleda W anf anf s

'
o { = a o a

anafluasianIInaLAueINIaF R ANTuetwiilss@nsnan Asinulunsdiaesnshinmauuaiise

% U Aﬂl
unIndauluyiadn



Research topic: Pathological study of the selected PRRSV isolates in Thailand
Researcher: Roongroje Thanawongnuwech and Sanipa Suradhat

Finish (Month and year) : July, 2003
Abstract

The purpose of this study is to compare the pathogenicity of the selected porcine reproductive
and respiratory syndrome virus (PRRSV) isolates in Thailand between the US (01NP1) and EU (02SB3)
genotypes. Both genotypes were able to induce clinical signs and lesions until 15 days post infection
(DPI). The US genotype appeared to be more virulence. However, PRRSV antigen was detected more
in the EU-infected pigs. The results indicated that the EU genotype might persist in pigs longer than
the US genotype. We also showed that both EU and US genotypes significantly upregulated IL-10
gene expression in PBMC of infected pigs from 5 DPI. In addition, upregulation of IL-10 and IFNY gene
expression was observed in BALC starting from 9 DPI. The upregulation of cytokine gene expression in
BALC was observed concurrent with an increased percentage of lymphocytes in the BALC population,
suggesting a role for peripheral leukocytes in cytokine production in lungs. Our results demonstrated
that PRRSV infection resulted in an upregulation of IL-10 gene expression in vivo and that both EU and
US strains induced comparable levels of IL-10 gene expression in the infected pigs, despite
differences in the clinical signs. Our data support the notion that induction of IL-10 production may be
one of the strategies used by PRRSV to modulate the host’'s immune responses, and this may

contribute to the unique clinical picture observed following PRRSV infection.
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2.1 saalsatangnImnannnia (Gross findings) AFFuTelo5a 7 915 915 1aa 01NP ﬁu@;mﬁuﬁl 9 Wy
Diffuse pneumonia
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Introduction

Porcine reproductive and respiratory syndrome
virus (PRRSV), the Arterivirus, first observed in
the United States (US) in 1987 and in Europe
(EU) in 1990 (2). The earliest detection of
PRRSYV seropositive pigs in Thailand was in
1989 when a serological survey of swine sera
was conducted during 1988-1999. However,
PRRSV was first isolated in Thailand from
suckling and nursery pigs with severe chronic
respiratory distress and the virus was identified
as the US genotype (1). Since Thailand has
continuously imported swine breeders from both
European and North American countries for
genetic improvement of breeding stocks, both
EU and US genotypes are present in the swine
population in Thailand (6). Differences in
pathogenicity of PRRSV have been
demonstrated (3). The purpose of this study
was to compare the pathogenicity of the
selected PRRSYV isolates in Thailand between
the EU and US genotypes.

Materials and Methods

Animals: Twenty-one PRRSV-free pigs were
obtained at 3-wk-old of age and divided into 3
groups (Table 1). Pigs were inoculated with
either genotype (01NP1, US genotype and
02SB3, EU genotype) of PRRSV at 10°°
TCIDso/ml, one ml intranasally and one ml
intramuscularly. Pigs were examined daily after
inoculation.

Pathology: Pigs were necrosied at 5, 9 and 15
days post inoculation (DPI; Table 1). Gross and
microscopic findings were recorded as well as
lung score.

Virology and serology: Virus isolation (VI) was
performed from pooled sera and titrated as
TCIDso/ml on Marc-145 (5). IDEXX ELISA
(IDEXX Laboratories Inc., U.S.A.) was used to
detected PRRSV antibodies in sera.

Results and Discussion

Respiratory disease characterized by transient
dyspnea and tachypnea after handling or being
stress was minimal to moderate in both PRRSV-
infected groups. However, after 5 DPI in the
01NP1-infected pigs, moderate lethargy and
anorexia with rough hair coat and huddling
behavior was obviously seen until 15 DPI. More
fever days (50% of pigs with the rectal
temperature over than 40C) were also observed
in the US group (9 days) compared with the EU
group (4 days). Similar to the previous reports
(3), we demonstrated the severe clinical signs
induced by the US genotype of the Thai isolate.

In addition, necropsy revealed more extensive
diffuse pneumonia with the higher lung score in
the US-infected pigs at all necropsied dates
(Table 2, Fig.1). Interestingly, the severity of the
pneumonia was still observed at 15 DPI,
whereas Halbur et al. (1995) demonstrated the
peak of the lung lesion at 10 DPI.

Microscopically, the lung lesions were
characterized by septal thickening by
hyperplasia and hypertrophy of pneumocyte type
Il with infiltration of lymphocytes (Fig. 3) and
cellular debris in the alveolar spaces were also
observed as previously described (4).
Microscopic lesions were still observed at 15
DPI. Both of our isolates induced longer clinical
signs and lung lesions, especially in the US
genotype. This particular Thai isolate (01NP1) is
obviously more virulent than the EU isolate
(02SB3).

Other remarkable lesions were
lymphadenopathy and diffuse petechial
hemorrhage of the kidney. Enlargement of
lymph nodes was seen in all PRRSV-infected
pigs. Again, in the 01NP1-infected pigs, the
lymph nodes were much bigger (2-3 times) than
the 02SB3-infected pigs. Petechial hemorrhage
of the kidney was the most remarkable in the
US-infected pigs, particularly at 5 DPI (Fig. 2),
but less in severity in the EU-infected pigs. The
hemorrhage was still observed at the kidney of
both PRRSV-infected groups, but milder (pin-
point hemorrhage) at 9 and 15 DPI. No
evidence of classical swine fever virus nor
Aujeszky’s disease virus was detected in the
sera or tissues of all pigs.

PRRSV was isolated from serum of all PRRSV-
infected pigs and was confirmed by the nested
multiplex RT-PCR. The viruses were the same
viruses used for inoculation in each group. No
cross contamination between groups was found.
Viremia was seen as early as 5 DPI through 15
DPI. All PRRSV-infected pigs had antibodies
measured by ELISA as early as 9 DPI.

In this study, we demonstrated the high
virulence US genotype isolated in Thailand.
Phylogenetic analysis and in vivo cytokine
response of those isolates are under
investigation in our lab.
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Table 1: Experimental design

Necropsied Control us EU
Date (Media) (01INP1) (02SB3)
5 DPI 1 3 3
9 DPI 1 3 3
15 DPI 1 3 3
Table 2: Results after PRRSV inoculation
Lung Score | Control us EU
(%) (0INP1) (02SB3)
5 DPI 0 7.67+ 6.66 1.5+£0.0
9 DPI 0 54.00 + 19.00 27.67 £ 23.75
15 DPI 0 60.67 + 8.62 33.00+£11.00
PRRSV
ELISA
0 DPI 0/3 0/9 0/9
5 DPI 0/3 0/9 0/9
9 DPI 0/2 6/6 5/6
15 DPI 0/1 2/2 2/3
VI-Serum
(TCIDsg /ml)
5 DPI 0 Upto 10°°° Upto 10°2°
9 DPI 0 Upto 10°°° Upto 10°"
15 DPI 0 Upto 10™*° Upto 10°%°

Fig. 1 Lung, PRRSV (01NP1)-infected pig
(No.28), diffuse pneumonia at 9 DPI.

Fig. 2 Kidney, PRRSV (01NP1)-infected pig
(No.25), diffuse petechial hemorrhage at 5 DPI

Fig. 3 A) Lung, PRRSV (01NP1)-infected pig

(No.26) revealed diffuse lympho-
histiocytic interstitial pneumonia at 9 DPI. (HE, X
660)

B) cellular debris in the alveolar space of
PRRSV (01NP1)-infected pig (No0.28) at 9 DPI.
(HE, X 660)
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Introduction

Porcine Reproductive and Respiratory
Syndrome Virus (PRRSV) has been
recognized, worldwide, as one of the
economically important pathogens of swine,
since its emergence in the late 1980’s.
Several studies suggest that PRRSV may
negatively modulate the host immune
system. There appeared to be a weak
innate immune response at the time of
PRRSV infection, as compared to other
respiratory pathogens. Proinflammatory
cytokines were mostly undetectable or
minimally increased following the exposure
to PRRSV (1, 2). The poor innate immune
response is consistent with induction of
delayed and inefficient adaptive immunity
against the virus (2). Following the
infection, PRRSV persists in the infected
pigs up to 12 weeks and the infectious virus
can be shed during this stage (3),
suggesting that the immune system could
not completely eliminate the virus from
infected host.

Cytokines play a crucial role in an induction
and modulation of immunological process.
We recently reported that PRRSV could
significantly upregulate the IL-10 gene
expression in the PBMC cultured, in vitro
(4). We postulated that an induction of IL-
10 might be one of the strategies used by
PRRSYV to tamper the host immune
responses. The inhibitory effect of IL-10 on
macrophage and T lymphocyte functions
during the early stage of PRRSV infection
may interfere with an induction of effective
anti-PRRSV immunity. In this study, we
further examined an in vivo effect of
PRRSV on levels of cytokine gene
expression in the PBMC of infected pigs. In
addition, both European and US strains of
PRRSV were compared for their effects on
the cytokine gene expressions.

Materials and methods

Animals and experiment protocol:
Twenty-one, 3 weeks old, PRRSV-free pigs
were obtained from a commercial farm.
Pigs were inoculated with 2 ml (one ml
intranasally and one ml intramuscularly) of
either the US (01NP1) or European
(02SB3) strain of the Thai PRRSV at the
dose of at 10%° TCIDso/ml, (9 pigs/group).
Three pigs were used as a negative control
group. Pigs were examined daily after
inoculation until 15 dpi. Gross and
microscopic findings as well as lung scores
were recorded.

Viruses and Cells: Thai PRRSV isolates
used for experimental infection were cloned
and previously characterized as the US
genotype (01NP1) and the European
genotype (02SB3) (R. Thanawongnuwech,
unpublished data).

Heparinized blood samples were collected
on the challenge day (day 0), 5 and 12 days
post infection (dpi) and porcine peripheral
blood mononuclear cells (PBMC) were
isolated by density gradient centrifugation
technique. The freshly isolated PBMC were
counted, and approximately 3x10° of PBMC
were resuspended in 200 pl of RNA Later
(Ambion, Texus). Cells were kept at —20°C
until needed.

RNA extraction and RT-MPCR: Total RNA
from each sample was extracted and
subjected to reverse-transcription. The
multiplex PCR that simultaneously amplified
GAPDH, IL-10, IFN-y, IL-2, and IL-4 gene
products was performed using protocol
described previously (4). Following the
MPCR, the amplified product was subjected
to agarose gel electrophoresis and
guantification of the PCR products by
densitometry using the Scion Image
software (Scion Corporation, USA). The
expression level of the cytokine was
determined by normalizing its expression
against the GAPDH, expression. The
results were expressed as the percentage



of the cytokine expression /GAPDH
expression, and referred as % expression.

It should be noted that levels of background
cytokine gene expression in the PBMC
were varied among the pigs. In addition,
unstimulated cells also had some
background level of the cytokine gene
expression. Thus, in order to minimize the
variability, the background of % gene
expression in PBMC of each pig on day 0
was subtracted from the % expression of
the PBMC measured during the
experiment.

Results

Following PRRSYV inoculation, all infected
pigs showed clinical signs of PRRSV. As
expected, the US strain induced more
severe clinical signs and pathological
changes than the European strain (data not
shown).

PRRSV infection resulted in a significant
upregulation of the IL-10 gene expression
(p<0.05), in the PBMC of infected pigs at 5
and 12 dpi. The level of IL-10 expression
induced by European and US strains were
indifferent (p>0.05) on both tested time
points. The control (uninfected) pigs did not
show any increase in cytokine gene
expression. (Figure 1). In this experiment,
minimal changes in IL-2 and IL-4 gene
expression levels were observed (data not
shown).

Discussion

Previously, we reported the in vitro effect of
PRRSV on the IL-10 gene expression (4).
In this study, we showed that PRRSV
infection also resulted in upregulation of IL-
10 gene expression in the porcine PBMC in
vivo, similar to the previous experiment
demonstrating the upregulation of IL-10
gene expression in the alveolar
macrophages of the PRRSV-infected pigs
(R. Thanawongnuwech, personal
observation). Interleukin-10 has been
known as a potent immunosuppressive
cytokine. The biological effects of IL-10
include downregulation of macrophage,
antigen presenting cell and T-lymphocyte
functions (5). The exploitation of IL-10
appears to be the common mechanism of
immunosuppression by several intracellular
pathogens that specifically targeting
macrophages for infection (6, 7). Induction
of IL-10 production in an early stage of
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infection may enhance the viral survival
within the host and delays the induction of
protective immunity. There is at least one
report, describing an increase in IL-10
MRNA expression from PBMC of piglets
born from infected sow (8). In addition,
PBMC from piglets infected in utero with
PRRSYV contained less IFN-y and TNF-a
producing cells, suggesting the
immunomodulatory effect of PRRSV,
possibly through the systemic
overproduction of IL-10 (9).

It is well documented that European and
US strains of PRRSV are antigenically and
genotypically heterologous and are differ in
their virulence (10). The differences in
clinical signs and pathological changes of
the 2 strains were also observed in this
experiment. However, no significant
difference, in the levels of IL-10 expression,
between both groups was observed at both
tested time points. This finding suggests
that the ability of inducing IL-10 expression
may be conserved among the strains of
PRRSV and may explain why both PRRSV
genotypes appear to share similarity in
disease outcome, regarding to their
immunomodulatory properties observed in
the field.
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Figure 1 Mean percent expression of
porcine IFN-y gene (white) and IL-10 gene
(black) in the PBMCs of pigs infected with
European (EU) or US strain (US) PRRSV
on A) 5 dpi and B) 12 dpi.
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