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FsirehTnfederdien Suaumua 137 §18d1 nnauuinsvesmizviugas lsadad aus
dnumnemeas paanssivminede MRSunisnaasuludunmistsingdrvesliialasld Monoclonal
antibody (SDOW-17) uazBuiiuriinvesmuwug 1au3% nested multiplex RT-PCR (nm RT-PCR) 484 ORF-
ib useduunmewu iddumeiugewsa (US) $1uau 46 #8613 (28.97%) uarmoiug ylsy (EU)
$147u 91 Fa0t1 (71.03%) TeolF a5 anIunu SVI25 (US strain) dmFueoiug US unz Lelystad virus
dwiumenus EU 39uma 1énanouna1aves nm RT-PCR wummisoasewu laiusute awned
ovRigaioonti 10' TCID,, /ml vinisAadonnduiaedaeaans e oiug MevnnnsraminisiSoei
VoI IRULUTYBY ORF-5 wuriaedn hirRerferfien meRufeudmifiuon 18 ludlesIne 0ocs1,
0INP1, 01UDS6, 02CB13, 02KK1, 02PB1, 02SP2 uay 02SP3) mowugnssulndifvaiu Thiafiersesion
finon 189 InUszneunim (AF-EXP91) daudiesntaiaRerorfion awwugylsd 01CB1, 01RBI,
02BR1, 02CB12, 02SB2 uaz 03RB1) Hmwwugnssuindifivady TafaRererfios Auuvy (Lelystad virus)
vswsniimisszuinvesliiafierserfiealulsznalnsernuininnisiudignsiugvindszinadng
uaﬂmnﬁ'wuhmsnﬁzmu'um'l‘as"uﬁa1§e1ﬂanimwinzﬁaq'?i'l;ifua;jﬁuqﬁﬂszmmdaqmnﬁmm
mieuveshimierfersieaiuon WBusazdosiivivialnadu lafaRerserfienaiug eU 020812 §
Amumileuvean 1T uaRIuDad MUY ORES 1NN 99% fula5aSadu (Porcillis) iga lalnoils 1
s 1 udszmerIng Ty genetic recombination umﬁ’mamwﬁuﬁ

Abstracts
The Thai isolates of porcine reproductive and respiratory syndrome virus (PRRSV) were obtained

from the Chulalongkorn University-Veterinary Diagnostic Laboratory (CU-VDL). Virus isolation was
confirmed by imAmunoperoxidasc monolayer assay (IPMA) using SDOW-17. The virus genotype was
determined using nested multiplex RT-PCR (nm RT-PCR) of ORF-1b. S$VI275 (US genotype) and Lelystad
virus (EU genotype) were used as the positive control. The nm RT-PCR was able to detect at least 10' TCID 50
/ml of PRRSV. Of 137 Thai isolates, 71.03% belonged to the European genotype and 28.97% was the US
genotype. ORF-5 products of the US strain (00CS1, OINPI1, 01UDS6, 02CB13, 02KK 1, 02PB1, 02SP2 and
02S5P3) and the EU strain (01CB]1, OIRBI., 02BR1, 02CB12, 028SB2 and 03RB1) were amplified for DNA
sequencing. The US s‘trains of the Thai isolates are clustered within the same group and are more closely
related to the IAF-EXP91 from Canada (89-90% nucleotide identity), whereas the EU strains were very similar
to the EU prototype, Lelystad virus (87-97.5% nucleotide identity). The ORFS nucleotide identities within the
US genotype tested in this study compared with the US prototype, VR-2332 varied from 83.7-85.2%, whereas
83.5-85.5% amino acid identities were found. Based on the phylogenetic tree, each pair of the Thai isolates
(OINP1 and 02KK1, 00CS1 and 01UD6, and 01CB1 and 01RB1) were identical, despite they were from
different provinces. Therefore, there was no geographic influence on the spreading of PRRSV in Thailand.

Interestingly, 02CB12 (EU) shared over 99% similarity of the ORF-5 nucleotide sequence and 98.6% of amino

acid identity with the Porcillis vaccine (AF378819). No evidence of genetic recombination between the two

genotypes was found in this study.
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Executive summary
yimmsuonavia 1aawerio15ion 1auds nested multiplex RT-PCR (nm RT-PCR) 403 ORF-1b 9IN#A7
[ .. : ; ds‘a - o - ’ ~
e A den Fuiiie nIediusinmvhiiugnsniidyminisszusveslsafiorierien uazeindaeonai 14
vinauinsveanilstuges lindad sz daaummemand poansaiumiinedu $nauimua 137
#0013 Suunmswut WidumoRugewng (US) $1uau 46 Fa0014 (28 97%) uazeowuy 131 (EU)
$7U2U 91 #0813 (71.03%) Tauli TaTandunu SVI2S (US strain) uaz Thfai 1doinInguidadiu dmiu
-~ . - - : ]
MIwWuf US ung Lelystad virus 8T umuiug EU 3203 1dnaneun21m12ves nm RT-PCR mudn
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musonsranmu hiohuiualameideviigadiosndt 10’ TCID, /ml vinmisfmidonngudiedave i
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- ' o « o LA - [ d - - L | L4 L4 - - ]
faeu lafriorforfion mowug glsdimeRugnisulndifivady Tafoneorsion Aunuungen
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swsde IadaRerderfieaiuen i ludszmaing
mm%';ua'lﬁ'mm:ﬁﬂﬁ'u?qwﬁﬂu’i'ﬁ Plaque purification 111wad Marc - 145 1R seed virus on 18
%1 -80 ¢ 1oy 138198 suas 1¥maansluauisoluounn so 'l
Lun genotype 1811737 1Au33 RNA Single tube RT-PCR 484 ORF 1b 3 uffuusuuy polymerase
voa 1 ¥ lauld universal primers ﬁ'lﬁfumsﬁﬁuﬁ‘uﬁ’) mm'fuv'n Multiplex PCR Tauld primers 2 Q
Fowsousnyiinvea 195018 (Gilbert er. al, 3. Clin. Microbiol. 1997, 35:264-267) § wunaowug
TR HumisAugewsng (US) $1uu 46 710673 uazmuwu g glsd (EU) $1uau 91 fae61a 59 137
#20014
BinsiuyTum ORF-5 vesladfe s orsion nqumowug US #1u primers 1 18TumsaRuiuda
(Andreyev ct al., Arch. Virol.1997, 993-1001) uazve112nfiororsieanguatuwut U Ao
primers #1913 3807 1@ RN¥UAD (Pirzadeh et al., Can J. Vet. Res. 1998, 62: 170-177) uaz¥in
Wuiqni
ORF-5 PCR products ¥01' 1235 me101510ms 2 ngumowug Usznoudan

US: 00CS1, 0INP1, 01UD6, 02KK 1, 02CB13, 02PBI1, 02SP2 uaz 02SP3

EU: OICBI, 01RBI, 02BR1, 02CB12, 02SB2 11a% 03RBI
clone ua:w‘%uﬂ?mm ORF5 Tau Ligation (@t Transformation a3 lu electrocompetent DHSOL £, coli
cells NBUTAASIIMIAWUTIURUYNI T (sequencing)
dwafnumddunIsFuadivesmudindle Indunaz amino acid sequence alignment %09 ORF-5
uazdins ivilSouiiou uuan ngumoiug (Phylogenetic relationship) (Fig. A, B, X, and Y)

| . oW Py o~ - - s 5 -~ - .
madAuNMsiSueRIvemiviInd le InAves ORF-5 tHe 148115 U81981 w GenBank (115137 1)
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Fig. X. Amino acid sequence alignment of ORF5 of PRRS-US strains. The consensus sequence is
§how on the top- The amino acid identities are indicated by period (.). The hypervariable regions are
indicated by asterisk (*). The amino acid deletion region (34) is indicated by hyphen (-).
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Fig.’ Y. Amino acid sequence al‘i.‘gnment of ORF5 of PRRS-EU strains. The consensus scquernce is
shown on the top. The amino acid identities are indicated by period (.). The hypervariable re-gioné are

indicated by asterisk (*).

Majarity

L% "L w4
AF 7R 1QF
NPT EBIOF
ANZR2IOTE-F
01CBe1 F
O1RBI F
OZER1 P
OzSES-F
OsRB1.P
qzCB10F

Majarty

MOE2O2 P
AFTEB1GF
AF7E3Z0P
AJZDITE-P
oIcer P
ORP1-P
OZBR.P
0zsBC-P
O3FBY-P
02CB12.P

Mapity

NORE 2
AFTTERIQF
AF TR0 F
AYZ2ITB-P
QILR1LP
01RB1-P
OJ8RT P
QZSBC-FP
O3RBY.P
gxte 2P

Maoiy

MReCaz P
AFITEEIGF
AF 37020 P
AT2I078-P
QB t.p
GIRB1.P
oIBR1.P
025 E2-P
O3RB1-P
02CB12-P

Majority

MOE2A P
AF37EB16 P
AFITEZ0P
AIZ23078-F
01CB1-P
O1RB1.R
028R1-P
DZSE2-P
O3RB1.P
0ZCB12.P



Royrynth PDF27/2544

a1 Sequcnces summary

‘lmhte 1D Genotype Source Year Accession no.
00CS| us Chachoengsao, Thailand 2000 AY297111
OINPI us Nakorn Pathom, Thailand 2001 AY297112
01UD6 us UdomThani, Thailand 2001 AY297113
02CB13 uUs Chonburi, Thailand 2002 AY297114
02KK1 us Khonkhen, Thailand 2002 AY297 115

02PBI us Prachinburi, Thailand 2002 AY297116
02s5P2 us Suphanburi, Thailand 2002 AY297117
02SP3 uUs Suphanburi, Thailand 2002 AY2971IR
01CBI EU Chonburi, Thailand 2001 AY297119
01RB1 EU Rachaburi, Thailand 2001 AY297120
02BR1 EU Burirum, Thailand 2002 AY297121
02CB12 EU Chonburi, Thailand 2002 AY297122
025B2 EU Saraburi, Thailand 2002 AY297123
03RBI EU Rachaburi, Thailand 2003 AY297124
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TYPING OF PRRSY ISOLATES IN
THAILAND BY A NESTED MULTIPLEX RT-
PCR

R. Thanawongnuwech', A. Tatsanakit', S.

. Damrongwatanapokin?, E. Thacker’
Faculty of Veterinary Science. Chulalongkomn
University' and National Institute of Animal
Health?, Bangkok, Thailand: lowa State University,
Ames, lowa USA’

Keywards: RT-PCR, PRRSYV, serotype

Introduction and Objective

Porcine reproductive and respiratory syndrome virus
(PRRSV) is a member of the arterivirus first
observed in the United States (US) in 1987 and in
Europe (EU) in 1990 (1). A serological survey of
swine sera during 1988-1999 in Thailand
demonstrated the earliest detection of seropositive
animals in 1989 and the percentage of seropositive
animals increased annually from 8.6 in 1991 to over
79 in 1999 (4 3. However, PRRSYV was first isolated
in Thailand from suckling and nursery pigs with
severe chronic respiratory distress and the virus was
identified as the US serotype (2). Since Thailand
has continuously imported swine breeders from both
European and North American countries for genetic
improvement of breeding stocks, both EU and US
serotypes may be presence in the swine population
in Thailand. The objective of this stuay was to
isolate and determine the serotypes of the PRRSYV
recently isolated from clinical samples in Thaitand
using a multiplex PCR (1).

Materials and Methods

Virus isolation: Virus isolation (V1) was performed
from pooled sera or bronchoalveolar lavage fluid of
pigs from central, Eastern, and Northeastern parts of
Thailand during December 2000-October 2001
using either porcine alveolar macrophages (PAMSs)
or MARC-145. VI was confirmed by
immunoperoxidase monolayer assay (IPMA) using
SDOW-17.

Multiplex RT-PCR: Cultured superates from 13
Thai isolates were tested for nested multiplex PCR
using a modified protocol previously described
{Gilbert et al., 1997). The sizes of the expected
PCR products (ORF Ib) are 107 and 186 bp for the
US and EU serotypes, respectively. Positive control
of both EU (Lelystad virus or LV) and US (SVI275)
serotypes were included in each test.

Results and Discussion

The nested multiplex PCR demonstrated that out of
13 Thai isolates, 8 isolates belong to the EU
serotype and 5 isolates belong to the US serotypes
(Fig. 1). Undoubtedly, both EU and US serotypes
have been present in Thailand since Thailand has
continuously imported swine breeders from both
European and North American countries, PRRSV
might spread into the country via imported pigs as
evidence from the detection of anti-PRRSV
antibedies in the imported pigs (2). This is the first
report of the presence of the EU serotype in
Thailand.

&Yty IR PDF/27/2544

Collectively. our results pravided additional
information on the mixed population of PRRSV
serotypes even within the same herd. Extensive
diversity among PRRSY isolates has

been documented (3). Phylogenetic and monoclonal
antibody analyses are undergoing in our lab.
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Figure 1. Nested mulitiplex PCR for PRRSV
typing. Expected sives of PCR sroducts are
107bp for the US serotype and 186bp for the EU
serotype. Lanes: 1=00CS1, 2=01CS2, 3=0INP1,
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16=100bp DNA ladder, 17= negative control.



DETECTION OF IFN-y POSITIVE CELLS IN
PRRSV-INFECTED LUNGS:

A COMPARISON BETWEEN A LOW AND A
HIGH VIRULENCE STRAINS
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Saiyasombat, S. Napakanaporn, A. Rungsipipat
Faculty of Veterinary Science, Chulalongkora
University, Bangkok, 10330 Thailand
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Introduction

Porcine reproductive and respiratory syndrome virus
(PRRSV) infection induces T-cell mediated immune
responses (1). Gorcyca et al. founded that PRRSV-
infected pigs were protected to the second PRRSV
challenge (3). In addition, PRRSYV specific
lymphocytes secrete IFN-y upon stimulation in vitro
(2). These suggested that the mechanism to control
PRRSYV in vivo might be antiviral activity of IFN-y.
However, there are variations in sensitivity to [FN-y
among different strains of virus (4). Our objective
was to compare the IFN-yproduction in the lungs
infected with different strains of PRRSV.

Materials and Methods
Seventy five 3-weeks-old PRRSY free pigs were

divided into three groups. un.infected contrel group,
low virulence-infected (LV, modified live virus.
vaccine) group and high virulence.infected (HV,
VR-z385 group Necropsy was performed on 5 pigs
from each group at 3, 7, 10, 14 or 28 days post-
inoculation (DPI, as previous described 6. Lungs
were collected at necropsy and staining for IFN.y

positive cells using polyclonal antibodies
(ENDOGEN, Woburn, USA)

Results and Discussion

The microscopic lung lesions induced by the HV
group were more severe than those in the LV group.
In the LV group, the number of infiltrating cells
tended to increase at 10 to 28 DPI. The most severe
changes of lung lesions in the HV group were
demonstrated at 10 DPI as previously described (6).
Significant increase in number of lymphocytes in
the HV group was observed at 10 DPI (24.9%), 14
DPI (22 %) and 28 DPI (28.95 %) (P< (.05).
Relative decrease in number of macrophages was
observed and correlated well with the increase of
lymphocytic number when the disease progressed.
IFN-ypositive cells were demonstrated in both
lymphocytes and macrophages (Figure 1),
Significant increase of IFN-y positive cells was
found at 7 DPI (15.9 %), 10 DP! (46.95 %), 14 DPI
(10.9 %) and 28 DPI (13.4 %) in the HV group
(P<0.05) (Table ).

furynauh POF/27/2544

Figure 1: Lung; positive staining of [FN-y in
tymphocyles {arrow, a) and in macrophage (insel, b)

Rossow et al. showed thal PRRSV titers in the lung
were higher at 7 DPI and 14 DPI than those ot 28
DP1 and the virus could be cleared out of the lung as
carly as 28 DPI (5). In addition, a previous study
demonstrated that [FN-y interfered with PRRSY
replication (1). Our results suggested that the
increased number of [FN-y positive cells in the HV
group correlatgd well with the severity of lung
lesions, which may be because of the presence of
PRRSYV in the lung. [FN-y inhibits the replication
of PRRSV in the lung. The increased IFN-y
production and the severity of the lung lesions may
relate to the presence of PRRSV in the lung. The
control strategies of PRRSV may involve in proper
stimulation of IFN-y production in pigs.
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Table 1: Percent of IFN-y positive cells in PRRSV—
infected lungs

Celis Control LV group HV group
Lymphocytes
3 DPI 0.20+0.44 0.70+0.97 1.30+2.91
7 DPI 0.00 0.50+0.86 1.50%1.97
10 DP1  0.85+0.80 1.80%2.13* 23.9+8 70"
14 DPI 0.00* 0.40+0 42" 2.10+0.96"
28 DPI  1.50+1.83* 4.25+2.24" 6.95+4 18"
Macrophages
3 DPI 37012 68 3.50+5.72 5.00+6 60
7 DPI 0.4010.65" 31.90£6.82°  i14.40+1207"
10 DPI 1.55+1.01° 4.25+1.08°  23.10+10.02"
14 DPI 59042 43¢ 4.20+3.2)° 8.80+4. 72"
28 DP1 5 go43.25 7.35¢4.26" 64541 §1°
Total
3 DPI 3.90+2.74 4.2046.58 6.3049 J6
7 DPI 0.40+0.65" 4.40+7.68" 15.90+13.65"
10 DPI 2.25¢1.79* 6.05£2.90"  46.95%13.79°
;g B}?} 2.90+2.43° 4.60+3.59° 10.90+5 13°
4.30+5.03° 11.60+6.36" 13.40+4 89"

*Mean (%6)£SD, n=5, DPI: days post inoculation
ab means within the same row with different

superscripts in each DPI differ significantly at

P<0.05
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Abstract

Paraffin-embedded lungs were obtained from a previous porcine reproductive and respiratory syndrome virus (PRRSV)-
challenged experiment involving three groups: an uninfected control group, a low virulence (LV, Resp PRRSV/Repro™}).
infected group, and a high virulence (HV, VR-2385)-infected group. Tissues were collected at 3, 7. 10, 14 or 28 days post-
inoculation (DPI) (n = 5). Lungs were examined to detect IFN-y positive cells by immunohistochemical staining using
polyclonal antibodies to IFN-y. The microscopic lung lesions induced by the HV group were more severe than those in the LV
group. A significant increase in number of lymphocytes in the HV group was observed at 10 DPI (24.90 + 9.79%). 14 DPI
(22.00 £ 11.47%) and 28 DFI (28.95 £ 15.11%) (P < 0.05). A relative decrease in macrophage numbers was observed and
correlated well with the increase in lymphocyte numbers when the disease progressed. IFN-v positive cells were demonstrated in
both lymphocytes and macrophages, particularly pulmonary alveolar macrophages. A significant increase in IFN-y positive cells
was found at 7 DPI (15.90 + 13.65%), 10 DPI (46.95 + 13.79%), 14 DPI (10.90 % 5.13%) and 28 DPI {13.40 £ 4.89%) in the
HY group (P < 0.05). The results suggested that the increase in IFN-y positive cells in the HV group correlated well with the
severity of the lung lesions, which may be because of the presence of PRRSV in the lung.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: IFN-y; Immunohistochemistry; Lymphocytes; Macrophages; Porcine reproductive and respiratory syndrome virus

1. Introduction respiratory syndrome virus (PRRSV). PRRSV is a

. ' ' positive-stranded enveloped, RNA virus classified in
Porcine reproductive and respiratory syndrome the family Arteriviridae order Nidovirales (Cavanagh,

(PRRS) is caused by the porcine reproductive and 1997). PRRSV infection is characterized by abortion
in gilts and sows and respiratory diseases of variable

— o severity in growing pigs. PRRSV strains vary in the
LvAfxmff:;nga?vys Porzz;l:f:lmi HY, hlsdh virulence; severity of clinical disease and gross and microscopic
syr:dmm rolence; . po productive and respiratory lesions induced experimentally (Halbur et al., 1996:

* Corresponding author, Tel.; +662-218-9616; '_I‘hanaw?ngnuwech et al,, 2000). Although they differ
fax: +662-252-0779, +662-255-3910. In severity and duration of pneumonia induced, all
E-mail address: roongroje.1@chula.ac.th (R. Thanawongnuwech), strains induce interstitial pneumonia characterized by

0165-2427/02/% — sec front matter © 2002 Elsevier Science B.V. All rights reserved.
PlI: 50165-2427(02)00268-4
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type 2 pneumnocyte hypertrophy and hyperplasia, sep-
tal infiltration by mixed mononuclear cells, and
increase amounts of mixed inflammatory and necrotic
exudates in airways.

Alveolar macrophages are the predominant suscep-
tible cells for PRRSV replication as evidenced by
detection of PRRSV antigens or viral RNA (Halbur
et al., 1996). Macrophages have important physiolo-
gical functions and play a major role in cell-mediated
immune response either as phagocytic cells or as
antigen presenting cells (Hamilton, 1993), The most
potent activating factor for the macrophage is IFN-y or
type II IFN, released from virus-infected cells. IFN-vy
stimulates the production of many new proteins, which
have antiviral activities, IFN-y is produced by T-
lymphocytes, large granular lymphocytes or NK cells,
but not B-lymphocytes and monocytes during immune
responses (Domeika et al., 2002; Rodriguez-Carreno
et al,, 2002).

PRRSYV infection induces T-cell-mediated immune
responses as demonstrated by lymphocyte prolifera-
tion and delayed-type hypersensitivity in infected pigs
(Bautista and Molitor, 1997). It has been demonstrated
that PRRSYV specific lymphocytes secrete IFN-y upon
stimulation in vitro (Meier et al., 1997), and the
PRRSV-infected pigs become protected from subse-
quent virus challenge (Gorcyca et al., 1995). It is
likely to suggest that one mechanism of the protective
immune response controlling PRRSV infection in vivo
might be mediated through the antiviral mechanism
induced by IFN-y on macrophages (Bautista and
Molitor, 1999).

In this study, we determined IFN-y positive cells in
the lungs at 3, 7, 10, 14 or 28 days post-inoculation
(DPD) by immunohistochemistry compared between
the low virulent (LV, Resp PRRSV/chroTM) and the
high virulent (HV, VR-2385) strains of PRRSV. We
hypothesized that different strains of PRRSV may
have different effects on IFN-y production.

2. Materials and methods
2.1. Experimental design
This experiment used archived lung tissue sections,

embedded in paraffin blocks from a previous experi-
ment (Thanawongnuwech et al., 1998). Briefly, the

samples were collected from 75, 3-week-old, cross-
bred pig from a PRRSV-free herd. Pigs in the PRRSV-
infected groups were inoculated by intranasal instilla-
tion with the HV (VR 2385) or the LV (Resp PRRS/
Repro™™) PRRSV. The control group was inoculated
with media without virus. Five pigs from each group
were euthanized and necropsied at 3, 7, 10, 14 or
28 DPI. Lung tissue sections were collected from
cranial and middle lobes, fixed in 10% neutral buffer
formalin. Each tissue section was embedded in par-
affin and cut at 5 um. The sections were stained with
hematoxyline and eosin (H and E) staining and exam-
ined microscopically.

2.2. Immunohistochemistry

Avidin-Biotin peroxidase complex staining proce-
dure was used and modified from a previous method
(Numata et al., 1991). Paraffin-embedded lungs were
cut at 5 um, mounted on 3-aminopropyl triethoxyxi-
lane coated slides and dried for 24 h (overnight) at
45 °C. Sections were deparaffinized in xyline twice
and followed by rehydration in graded ethanols 100,
95, 80 and 70%, respectively. Antigen retrieval treat-
ment was done using 0.1% trypsin at 37 °C for
30 min. Sections were washed three times (5 min
each) in PBS. Sections were then incubated with
0.3% H;0O; in methanol at room temperature for
30 min and with 10% BSA (Fluka, Switzerland} at
37 °C for 30 min. Sections were incubated with pri-
mary antibody using rabbit polyclonal anti swine
IFN-y antiboby (Endogen, Woburn, USA: 10 pg!
ml) overnight at 4 °C, and were then incubated with
biotinylated secondary antibody using goat anti rabbit
IgG antibody (Dako, Glostrup, Denmark) at 37 °C for
1 h. Sections were incubated with avidin-biotinylated
horseradish peroxidase complex (Dako, Glostrup,
Denmark) at 37 °C for 1 h then, stained with 0.05%
3.3-diaminobenzidine tetrahydrochloride (0.01 M in
Tris~HCI, pH 7.6; Sigma, USA), and followed by
counter staining with Mayer's hematoxyline. A nega-
tive control slide was included at each batch of
staining by substitution of Tris/PBS in place of the
primary antibody. Two hundred mononuclear cells
were identified and counted morphologically as
macrophages or lymphocytes and the percent of

IFN-y positive staining cells in each cell lype was
recorded.
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2.3. Stratistic analysis

Data were expressed as a mean + S.D. and were
evaluated using one-way analysis of variance. The
results were compared with the differentiation
between groups by least significant difference. Statis-
tical package for the social science was used to
determine statistical significance among the groups
in each DPI at P < 0.05.

3. Results and discussion

The microscopic lung lesions induced by the HV
group persisted for 28 days and were more severe than
those in the LV group. The lung lesions at 3 DPI
looked normal in both LV and HV groups. The lung
lesions at 7 DPI in the LV group were characterized by
mild increase in the number of mononuclear cell
infiltration, whereas, in the HV group, there were a
few foci of type II pneumocyte hypertrophy and
hyperplasia. Moderate interstitial pneumonia with
severe mononuclear cell infiltration was found at 10
and 14 DPI in the HV group. Mild multifocal inter-
stitial pneumonia with multifocal thickening of alveoli
was characterized by mild pneumocyte type I1 hyper-
trophy and mild infiltration of mononuclear cells in the
LV group at 10, 14 and 28 DPI. Lungs of the control
group were microscopically normal.

Our study suggests that the LV strain may need
more time to replicate in pigs because the number of
infiltrating cells tended to increase at 10—28 DPI in the
LV group. In contrast to the HV group, the most severe
changes of lung lesions were demonstrated at 10 DPL
after that the microscopic lung lesions were milder,
but still more severe than those in the LV group. The
population of lymphocytes and macrophages in alveo-
lar spaces was counted and summarized in Table 1. A
significant increase in lymphocyte numbers was found
in the HV group at 10 DPI (24.90 + 9.79%), 14 DPI
(22.00+11.47%) and 28 DPI (28.95 £ 15.11%)
compared with the control group. However, in the
LV group, lymphocyte numbers was slightly increased
at 28 DPI (14.70 +9.81%). A relative decrease in
macrophage numbers was correlated well with the
increase in lymphocyte numbers.

The number of lymphocytes in the HV group was
greater than that in the LV group. This suggests that

Table 1
Means (%) of lymphocytes and macrophages in alveoli of PRRSV-
infected lungs®

Cells Control pigs LV-infected HV-infected
pigs" pigs*
Lymphocytes
3DPI® 330+ 1.02° 295+ 218 3.95 + 3.46
7DPI 790 + 5.42 7.05 £ 3.44 1565 £ 13.12

10 DPI 230 £ 099 a
14 DPI 620+ 253 a

295+ 1.67a 2490 +£979b
425 + 2.05 2200+ 147 0b

28 DPI 335+ 143a 1470+ 98la 289515110
Macrophages
3DPI 9670 £ 1.02 97.05 + 2.18 96.10 + 3.45
7DPI 9210+ 542 9295 £ 3.44 84.35 + 13.12

I0DP! 96204+ 373a 9705+ 1.67a 7515x977%
14DP1 9430+ 239a 9575+ 205a 7740 £ 1147 b
28DPI 9710+ 109a 853 +98la 7096+ 1515b

* a, b means within the same row with different letters in each
DPI differ significantly at P < 0.05.

® Low virulence.

€ High virulence.

¥ Days post-inoculation,

€ Mean (%) £ 5.D..n =35,

the HV isolate of PRRSV induced much more infil-
tration of mononuciear cells and more inflammation
than the LV strain. The number of lymphocytes in the
HV group obviously increased when the disease pro-
gressed due to the immune responses. Similar to the
previous study (Zhou et al.. 1992), there was a sig-
nificant increase in the number of T-helper cells in the
peripheral circulation after PRRSV infection. The
increase in the proportion of lymphocytes in the
HV group could be from the enhanced immune
response of pigs against PRRSV or from lymphocyte
proliferation due to PRRSV-induced IL-1 stimulation
(Van Reeth and Nauwynck, 2000).

Stmilar to our study, Nauwynck et al. (2001) found
that PRRSYV replication in the lung was associated
with a decrease in the proportion of macrophage in
lung lavage fluids. The proportion of macrophage was
reduced because it could be related with the concur-
rent increase in lymphocyte numbers or because the
macrophages were destroyed by PRRSV (Done and
Paton, 1995).

IFN-vy positive cells were examined and the results
are summarized in Table 2. A significant increase of
IFN-y positive cells was found at 7 DP1 (15.90 +
13.65%). 10 DPI {46.95 + 13.79%), 14 DPI (10.90 +
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Table 2
Means (%) of [FN-y positive cells in PRRSV-infected lungs®
Cells Control LV-infected HV-infected
pigs pigs pigs
Lymphocytes
IDP1 0.20 + 0.44 0.70 = 0.97 1.30 £ 291
7 DPI 0.00 0.50 + 0.86 1.50 + 1.97
10 DPI 085 +£080a 1.80 £213a 239+8700b
14DPI 000 a 040 £ 042a 210£096Db
28 DP1 1.50 £ 183 a 425+ 224a 695+£418Db
Macrophages
3DPI 370 £ 2.68 350+ 572 5.00 £ 6.60
7 DPI 040 £ 065a 3900 £ 682a 1440 £ 12070
10 DPI 155+ 101 a 425 +10%a 2310+ 1002b
14 DP1 290 £ 243 a 420+ 321a 8804720
28 DPI 280+ 3251 735 £426b 645+ 18la
Total
3DPI 390 £ 2.74 420 + 6.58 6.30 + 946
7DPI 040 = 065a 440+ 768a 1590+ 13650b
10 DPL 225+ 1.79a 605 £290a 4695+ 13.79b
14 DPI 290 £ 243 a 460 £359a 1090+ 5130
28 DPI 430 5032 1160+636a 1340+ 489b

" See key in Table 1.

5.13%) and 28 DPI (13.40 + 4.89%) in the HV group
compared to the control group {P < 0.05). Both lym-
phocytes and macrophages had similar percentages of
positive cells. The highest total number of IFN-y
positive cells in the LV group was at 28 DPI, but in
the HV group was at 10 DPI.

In our study, IFN-y positive cells in PRRSV-
infected pigs were found in both lymphocytes and
macrophages in different proportions. The possible
reasons are that IFN-y commonly acts on macro-
phages to activate them or macrophages may produce
a significant amount of IFN-y when stimulated. A
recent report demonstrated that human alveolar
macrophages were able to produce IFN-v in disease
states (Frucht et al., 2001).

The number of JFN-y positive lymphocytes was
increased in the HV group. IFN-y was produced
shortly after the infection process. IFN-y production
is stimulated by macrophage-derived cytokines, espe-
cially TNF-a and IL-12 (Trinchieri, 1995). This is the
reason why IFN-y positive lymphocytes tend to
increase at 3—10 DP1. The number of IFN-y positive
cells was greatly increased at 10 DPI because PRRS V-
infected lung was the most severe.

At 28 DPI in the HV group, the number of infiltrat-
ing cells tends to decrease when compared to thal
number at 10 DPI. Rossow et al. (1995) showed that
PRRSV titers in the lung were higher at 7 and 14 DPI
than those at 28 DPI. This suggests that PRRSV could
be cleared out of the lung as early as 28 DPI resulting
in the reduction of the lung lesion. Pretreatment with
IFN-y could affect PRRSV replication in porcine
macrophages evaluated by reduction in titer and per-
centage of PRRSV-infected cells (Bautista and Moli-
tor, 1999). These suggested that IFN-y produced more
at 10 DPI may induce an inhibitory effect on PRRSV
replication. The IFN-y might play an important role in
PRRSV protection. However, the increased IFN--
production in the lung may have some negativc
inflammatory effects on the lung lesions.

In conclusion, IFN-y might inhibit the replication of
PRRSYV in the tung. The increase in IFN-y production
in the lung may relate to the presence of PRRSV. The
strategies of PRRSV control may involve controlled
stimulation of IFN-y production in pigs. Further stu-
dies should investigate the involvement of other cyto-
kines in the PRRSV-infected pig.

Acknowledgements

The authors thank Zen Nakamura and Amornrat
Tatsanakit for technical assistance. The study was
funded by Department of Veterinary Pathology, Chu-
lalongkom University, and the Thailand Research
Fund #PDF/27/2544, '

References

Bautista, E.M., Molitor, T.M.. 1997. Cell-mediated immunity to
porcine reproductive and respiratory syndrome virus in swine.
Viral Immunocl. 10, 83-94.

Bautista, EM.. Molitor, TM., 1999, IFN-y inhibii porcine
reproductive and respiratory syndrome virus replicate in
macrophages. Arch. Virol, 144, 1191-1200.

Cavanagh, D., 1997. Nidovirales: a new order comprising
Coronaviridae and Arteriviridac. Arch. Virol, 142, 629633,
Domeika, K., Berg, M., Eloranta, M.L., Alm, G.V.. 2002, Porcine
interleukin-12 fusion protein and interleukin-18 in combination
induce interferon-gamma preduction in porcine natural killer

and T cells, Vet. Immunol. Immunopathol. 86, 11-21.

Done, S.H., Paton, D.J., 1995. Porcine reproductive and respiratory
syndrome: clinical disease. pathology and immunosuppression.
pathology and immunosuppression. Vet. Rec. 14. 32-35.



R. Thanawongnuwech et al / Veterinary Immunology and Immunopathology 91 (2003) 73-77 77

Frucht, D.M., Fukao, T.. Bogdan, C., Schindler. H., O'Shea, JJ.,
Koyasu, S., 2001. IFN-y production by antigen-presenting
cells: mechanisms emerge. Trends Immunol. 22, $56-560.

Gorcyca, D.. Sprank, G., Mirmmison. R.. Polson, D.. 1995 Field
evaluation of a new MLV PRRS virus vaccine: application for
PRRS prevention and control in swine herds. In: Proceedings of
the 26th Annual Meeting of the American Association of Swine
Practitioners, Omaha, NE, pp. 401403,

Halbur, P.G., Paul, P.5., Frey, M.L.. Landgraf, J.. Eemisse, K.,
Meng, XJ., Andrews, J.J, Lum, M.A., Rathje, JA., 1996
Comparison of the antigen distribution of two US porcine
reproductive and respiratory syndrome virus isolation with that
of the Lelystad virus, Vet Pathol. 33, 15%-170.

Hamilton, J.A., 1993, Colony stimulating factors, cytokines and
monocyle-macrophages—some controversies. Immunol. Today
14, 18-24.

Meier. W., Zuckermann, F., Osorio. F.. Husmann, R.. Schwartz. E..
Brandt, J., 1997. Comparalive analysis of the cell-mediated
Immunity responds of pigs t0 vaccination against PRRSV or
pseudorabies virus. In: Proceedings of the 78th Annual Meeling
Conference Research Workers Animal Disease, Chicago. IL.
Abstract 215.

Nauvwynck, HJ.. Labarque, G.G.. Van Reeth, K., Penseant, M.B.,
2001. Influence of changes in the population of target cells and
appearance of specific antibodies on the replication of porcine
reproductive and respiratory syndrome virus in the lungs of
pigs. Adv. Exp. Med. Biol. 494, 385-393.

Numata, A.. Minagawa, T., Asana, M., Nakane, A., Katoh, H.,
Tanabe, T.. 1991. Detection of endogenous interferon-y and
wmor necrosis factor-a in human colorectal adenocarcinomas.
Cancer 68, 1937-1943,

Rodriguez-Carreno, M.P, Lopez-Fuentes, L., Revilla, C.. Ezquerra,
A, Alonso, F, Dominguez, J., 2002. Phenotypic characteriza-
tion of porcine IFN-y-producing lymphocytes by flow cyto-
metry. J. lmmunol. Meth. 259, 171-179.

Rossow, K.D., Collins, LE.. Goyal. .M., Goyal, S.M.. Christu-
pher-Hennings, J.. Benfield. D A., 1995 Pathogenesis of
porcine reproductive and respiratory syndrome virus infection
in gnotobiotic pigs. Vet. Pathol. 32, 361-363.

Thanawongnuwech, R., Halbur, PG., Ackermann, M.R.. Thacker.
E.L.. Royer, R\L.. 1998, Effect of low and high-virulence
strains of porcine reproductive and respiratory syndrome virus
on pulmonary clearance of copper particles in pigs. Vet. Pathol.
35, 406-988.

Thanawongnuwech, R.. Brown. G.B.. Halbur, P.G., Roth, J.A..
Royer, R L., Thacker, BJ.. 2000. Pathogenesis ol porcine
reproductive and respiratory syndrome virus-induced increase
in susceptibility to Streprococcus suis infection. Vel Pathol. 37.
143-152.

Trinchieri. G.. 1995, Interleukin-12: a proinflammalory cytokine
with immunoregulatory functions that bridge innate resistunce
and antigen-specific aditive immunity. Annu  Rev. Immunul
13, 251-276.

Van Reeth, K.. Nanwynck. H.. 2000. Proinframmatury cytokines
und viral respiratory disease in pigs. Vet Res. 3. |&7-
213.

Zhou. Y., Barchusen, S., Chot, C., Rossow, K., Collins. )., Luber. |
Molitor. T., Murtaugh, M., 1992. Effect of SIRS virus infection
in leukocyte in the peripheral blood and on cytokine expresston
in alveolar macrophages of growing pigs. In: Proceedings of the
23rd Conference of the American Association of Swine
Practitioners, vol. 4, p. 28.



&rycy1a17 PDF127/2544

PREVALENCE OF PRRSV IN THAILAND

R. Thanawongnuwech', A. Tatsanakit' and K. Tatinij’
'Faculty of Veterinary Science, Chulalongkom University, 2Intervet (Thailand) Ltd., Bangkok, Thailand
' Keywords: genotype, prevalence, PRRSY

QLntroduction and Objective

Porcine reproductive and respiratory syndrome virus
[PRRSV) is a member of the art=rivirus first observed in
the United States (US) in 1987 and in Europe (EU} in 1990

12). A serological survey of swine sera during 1988-1999

in Thailand demonstrated the earliest detection of

seropositive animals in 1989 and the percentage of
‘seropositive animals increased annually from 8.6 in 1991

to over 67 in 2002 based on the data from the
bhulalongkom University-Veterinary Diagnostic
,]Laboratory (CU-VDL). However, PRRSY 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

ibreeding stocks, both EU and US genotypes are present in

Thailand. The objective of this study is to isolate and
determine the genotypes of the PRRSV recently isolated
from clinical samples submitted from each region
throughout Thailand using a nested multiplex RT-PCR
(Fig. 1-3).

Matarlals and Methods

Virus isolation: Virus isolation (V1) was performed from
pooled sera, bronchoalveolar lavage fluid or ..inced tissues
of pigs from the central, southern, northern and
northeastern parts of Thailand during December 2000-
December 2002 using either porcine alveolar macrophages
(PAMs) or MARC-145. VI was confirmed by
immunoperoxidase monolayer assay (IPMA) using
SDOW-17.

Nested Multiplex RT-PCR: Samples were tested for nested
multiplex RT-PCR using a modified protoco! previously
described (2). The sizes of the expected PCR products
(ORF 1b) are 107 and 186 bp for the US and EU serotypes,
respectively (Fig. 1). Positive control of both EU (Lelystad
virus or LV) and US (SVI275) genotypes were included in
each test (4).

Results and Discussion

The nested multiplex RT-PCR demonstrated that out of
137 samples throughout Thailand, 91 samples (66.42%)
were the EU genotype and 46 samples (33.58%) were the
US genotypes (Table 1). Undoubtedly, both EU and US
genotypes have been present in Thailand since Thailand
has continuously imported swine breeders from both
European and North American countries. PRRSV might
spread into the country via imported pigs or semen as
evidence from the detection of anti-PRRSV antibodies in
the imported pigs (1). This is the update report of the

prevalence of the PRRSV in Thailand. Porcine respiratory
disease complex (PRDC) induced by PRRSV and other
pathogens, currently, is the major problem of the Thai
swine industry causing severe losses in the weanling and
fattening pigs. Additional information from the
Chulalongkorn University-Veterinary Diagnostic
Laboratory (CU-VDL) demonstrates the presence of
approximately 7% of the mixed population of PRRSV
genotypes within the same herd. Prevention and contro!
strategies in the mixed infection herds are much more
complicated than the single strain infection.

Extensive diversity among PRRSV isolates has been
documented (3). The preliminary data suggested that the
US genotypes in Thailand were similar to the Canadian
isolates, whereas the EU genotypes were similar to the
Denmark isolates (Thanawongnuwech et al., unpublished
data). Phylogenetic and monoclonal antibody analyses are
undergoing in our lab.

Acknowledgements

This study was partially funded by the Thailand Research
Fund # PDF/27/2544 and the Intervet (Thailand) Ltd.

References

5. Damrongwatanapokin et al., 1996. J. Thai Vet. Med.
Assoc. 47: 23-34,

6. Gilbertetal. 1997. ] Clin Microbiol 35:264-267.

7. Pirzadeh et al., 1998. Can J Vet Res 62:170-177.

4. Thanawongnuwech et al., 2002. The 17" IPVS p. 410.

LY

107bp .

18ghp -

., u-uhu- 201

v vk ) Py . R
2 3 4 546 7 8 9 W01 1213 14 15 16 17

Fig. 1. Nested multiplex RT-PCR for PRRSV. Expected
sizes of PCR products are 107bp for the US genotype
and 186bp for the EU genotype. Lanes: 1=00CS]1,
2=01CS2, 3=01NP1, 4=01NP2, 5=01CB2, 6=01RB| )
7=01CBI, 8=01UD6, 9=01UDS, 10=01UD4, 11=01UD3,
12=01UD2, 13=01UD1, 14=LV, 15=8VI1275, 16=100bp
DNA ladder, 17= negative control.
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Figure 1: Pig population in each province of Thailand (Kindly provided by Dr. Wantanee
Kalpravidh, Department of Livestock Development, Thailand)

Table 1: Prevalence of PRRSV genotypes in
each region

Regions EU US Total
Central 61 31 92
North i5 4 19
Northeast 10 4 14
South 3 4 7
Unidentified 2 3 5 J
Total 91 46 137 |

Fig. 3 Map of Thailand
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Abstract
The Thai isolates of porcine reproductive and respiratory syndrome virus (PRRSV) were

obtained from the Chulalongkomn University-Veterinary Diagnostic Laboratory (CU-VDL). Virus
isolation was confirmed by immunoperoxidase monolayer assay (| PMA)using SDOW-17. The
virus genotype was determined using nested multiplex RT-PCR (nm RT-PCRyof ORF-1b. The nm
RT-PCR was able to detect at least 10' TCIDsy/ml of PRRSV. Of 137 Thai isolates, 71.03%
belonged to the European genotype and 28.97% to the US genotype. ORF-5 products of the 8 US
strains (00CS1, 0INP1, 01UD6, 02CB13, 02KK 1, 02PB1, 025P2 and 02SP3)and the 6 EU strains
©1CBI, 0IRBI1, 02BR1, 02CB12, 025SB2 and 03RB1) were sequenced for genetic variation

analysis. The US strains of the Thai isolates are clustered within the same group and are more
closely related to the IAF-EXP91 from Canada (89-90% nucleotide identity), whereas the EU

strains were very similar to the EU prototype, Lelystad virus (27-97.5% nucleotide identity). The

ORFS5 nucleotide identities within the US genotype tested in this study compared to the US
prototype, VR-2332 varied from 83.7-85.2%, whereas 83.5-85.5% amino acid identities were

found. Based on the phylogenetic tree, each pair of the Thai isolates (01NP1 and 02KK 1, 00CS|
and 01UD®6, and 01CB1 and 01RB ) was identical despite they were collected from different

provinces. Therefore, there was no geographic influence on the spreading of PRRSV in Thailand.

lnterestihgly, 02CB12 (EU genotype) shared over 99% similarity of the ORFS5 nucleotide sequence

and 98.6% of amino acid identity with the European vaccine, Porcillis (AF378819). No evidence

of genetic recombination based on ORF5 sequences between the two genotypes was found in this

study.
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1. Introduction

f’orcine reproductive and respiratory syndrome virus (PRRSV) is classified within the
genus Arterivirus in the family Arteriviridae in the order Nidovirales (Cavanagh, 1997). The
disease caused by PRRSYV is characterized by reproductive failure in giits and sows and by a
respiratory disease in young pigs. PRRSV was first observed in the North American countries in
1987 and in the European countries in 1990 (Gilbert et al., 1997). Sequence comparison has
shown that two genotypes of PRRSV recognized as the American (US) and the European (EU)
strains currently exist (Meng, 2000). A serological survey of swine sera during 1988-1999 in
Thailand demonstrated the earliest detection of seropositive animals in 1989 and the percentage of
the seropositive animals increased annually from 8.6 in 1991 to over 67 in 2002 based on the data
from the Chulalongkorn University-Veterinary Diagnostic Laboratory (CU-VDL). PRRSV was
first isolated in Thailand in 1996 from the suckling and nursery pigs with severe chronic
respiratory distress and the virus was later identified as the US genotype (Damrongwatanapokin et
al., 1996). Both EU and US genotypes have been reported in Thailand with the high prevalence
of the EU genotype (Thanawongnuwech, 2002). Since its first appearance in Thailand, PRRSV
has been the major cause of economic losses in the swine industry. Until now, the Thai authority
does not allow to use any modified live virus vaccine of PRRSV, but the killed virus vaccine is
commercially available since 1996.

PRRSYV is an enveloped virus with a positive-sense, single-stranded RNA genome
containing nine open reading frames (ORFs) which code for the viral replicase (ORFla and 1b),
four membrane-associated glycoproteins (ORF2a to 5), two unglycosylated proteins (ORF2b and
6) and the nucleocapsid protein (ORF7) (Meng et al., 1994). It has been shown that the ORF5

gene sequence of PRRSV is very polymorphic (Andreyev et al., 1997). Unlike the EU isolates, the
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US isolates of PRRSV display a high degree of variability in the ORFs 2, 3, 5 and 7 (Meng et al.,

1995; Murtaugh et al., 1998). Monoclonal antibodies against GP4 and GP5 proteins were
demonstrated to have neutralizing ability to the virus (Pirzadeh and Dea, 1997). The objective of
this study was to isolate and determine the genotypes of the PRRSV recently isolated during 2000-
2003 from clinical samples submitted from each region throughout Thailand using a nested
multiplex RT-PCR. DNA sequencing was also done on the selected isolates to determine the
genetic variation of the Thai isolates from different regions. Genetic comparison of the ORF5
gene sequences of the Thai isolates to those of PRRSV prototypes and some available sequences
from other countries may provide insight into the genetic evolution and origin of the Thai isolates.
2. Materials and Methods

2.1 Virus isolation (VI)

Virus isolation (VI) was performed from sera, bronchoalveolar lavage fluid or minced
tissues of pigs from all regions of Thailand during December 2000-January 2003 using either
porcine alveolar macrophages (PAMs) or MARC-145 (Kindly provided by Dr. E. Thacker, lowa
State University, USA). The presence of the virus was confirmed by immunoperoxidase
monolayer assay (IPMA) using SDOW-17 (kindly provided by Dr. E. Thacker, lowa State
University, USA) modified from the immunofluorescent assay (IFA) as previously described
(Thanawongnuwech et al., 1998). The stock virus was kept at —80 °C until needed.

2.2 Nested Multiplex RT-PCR (nm RT-PCR)

The stock viruses were tested for nested multiplex RT-PCR (nm RT-PCR) using a

modified protocol previously described (Gilbert et al., 1997). SVI275 (US genotype) and Lelystad

virus (EU genotype) were used as the positive control. Sensitivity of the assay was performed

using ten-fold dilution of the control viruses. The final dilution contained approximately 10
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TCID 50/ml. Viral RNA templates were isolated from the culture media using the commercial kit

(QIAGEN, USA). In this study, we used one step RT-PCR (QIAGEN, USA) to amplify the
common genome of ORF1b at the position 8628-8882 yielding the PCR product of 255 bp using
the thermoregulator PTC-200 (MJ Research, USA). Two microliters of the PCR product was then
utilized as the template in the nested multiplex PCR with the same condition. The sizes of the
expected multiplex PCR products (ORF 1b) were 107 and 186 bp for the US and EU genotypes,
respectively. Positive control of both EU (Lelystad virus) and US (SVI275) genotypes were
included in each test.
2.3 Amplification and purification of ORFS products

ORF-5 products of the US strain (00CS1, 0INP1, 01UD6, 02CB13, 02KK 1, 02PB1, 028P2
and 025SP3) and the EU strain (01CBI1, 0IRB1, 02BR 1, 02CB 12, 02SB2 and 03RB1) isolated in
Thailand were selected and amplified for DNA sequencing. The origins of the Thai isolates are
shown in Fig. | and Table 1. One step RT-PCR (QIAGEN, USA) using the same RNA template
from the nm RT-PCR was used for ORF-5 DNA amplification. The condition and primers used

for the US strain were similar to the previous report (Andreyev et al., 1997) with slight

modification by performing 40 cycles of the amplification generating a 716 bp DNA fragment.
The primers used for the EU strain were obtained from the previous report (Pirzdah et al., 1998).
but using the same condition as the DNA amplification of the ORFS5 of the US strain. The
amplified PCR products were examined by gel electrophoresis and were then purified using
QIAquick® spin (QIAGEN, USA) according to the manufacturer’s procedure and submitted for
sequencing.

2.4 Nucleotide sequencing and analysis
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Purified PCR products were sequenced using an ABI Prism sequencer, ABI 3700 (Applied
Biosystem). The ORFS5 sequences of the Thai isolates reported in this study have been deposited
with the GenBank database under the accession numbers AY297111-AY297124 (Table 1).
Sequence alignments were done using the EditSeq and MegAlign computer programs
(DNASTAR, Madison, WI). The ORFS gene sequences of other known PRRSYV isolates used in
this study were retrieved from the GenBank (Table 1). The percentages of sequence identity
among different PRRSV isolates were determined and the phylogenetic analysis was performed
using Clustal method with weighted residue weight table, MegAling program (DNASTAR).
Imported alignments were then analyzed further for Bootstrap analysis with PAUP program
version 4.02b with 1,000 bootstrap replications (D. L. Swofford, University of lllinois, Urbana-
Champaign). Predicted amino acids were analyzed in a similar manner to nucleotide sequences.

Antigenic determinants in the ORF35 protein of selected sequences were predicted using a
computer program, PROTEAN (DNASTAR, Madison, WI), which takes into account
hydrophilicity, surface probability, chain flexibility, hydropathy and secondary structure.

3. Results
3.1 Genotyping of PRRSYV in Thailand

The nm RT-PCR was able to detect at least 10’ TCIDso/ml of PRRSV (data not shown,.
The nm RT-PCR demonstrated that out of 137 Thai PRRSV 1solates, 91 samples (66.42%) were the
EU genotype and 46 samples (33.58%) were the US genotype (Table 2). The central region, the

highest density of pig production of Thailand was the major source of the submitted samples
(92/137). Approximately, two-third of the Thai isolates were the EU genotype, except for the

southern region having similar numbers between the genotypes. However, the number of the

submitted samples from the southern region was somewhat low.

6
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3.2 Genomic variations of the ORFS genes between the Thai isolates

A total of 14 partial ORFS sequences representing the Thai PRRSV isolates were
determined. Eight Thai isolates {(00CS1, 0INP1, 01UD6, 02CB13, 02KK 1, 02PB1, 02SP2 and
02SP3) were the US genotype, while the other six isolates (01CB1, 0IRBI1, 02BR1, 02CB12,
02SB2 and 03RB1) were belonged to the EU genotype. Together with the selected ORF5
sequences available in GenBank including some available PRRSV vaccines (Table 1), two
phylogenetic trees were constructed based on the virus genotypes (Fig. 2). The alignment of the
deduced amino acid sequences for those isolates is also shown (Fig. 3A and Fig. 3B). It should be
noted that the envelope glycoprotein amino acid sequence of the Thai isolates (US genotype)
consisted of 200 residues. Only 4 isolates of the US genotype including OINP1, 02KK 1, 02SP2
and 02SP3 had one amino acid deletion at position 34. There was no deletion of those amino acid
in the EU genotype tested.

Based on the phylogenetic tree, each pair of the Thai isolates (QINP1 and 02KK |, 00CS1
and 01UDG6, and 01CB1 and 01RB1) was identical. No distinct epidemiological feature based on
geography or date of isolation was apparent except for the two isolates, 02SP2 and 02SP3

submitted from the farms in the same province. Those isolates shared 99.8% nucleotide identity.

Interestingly, 02CB12 (EU) shared over 99% similarity of the ORFS5 nucleotide sequence and

98.6% of amino acid identity with the Porcillis vaccine (AF378819). The Porcillis vaccine has an

asparagine residue at amino acid position 150, whereas the other EU strains have an aspartic acid

residue. The other substitution occurs at amino acid position 168 where a lysine residue in the EU

isolates tested in this study as well as the Porcillis vaccine is replaced by an arginine residue in

02CB12.
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The US strains of the Thai isolates are clustered within the same group and are more
closely related to the IAF-EXP91 from Canada (89-90% nucleotide identity), whereas the EU

strains were very similar to the EU prototype, Lelystad virus (87-97.5% nucleotide identity). The

ORF-5 nucleotide identities within the US genotype tested in this study compared with the US
prototype, VR-2332 varied from 83.7-85.2%, whereas 83.5-85.5% amino acid identities were

observed. Most of the amino acid substitutions of the US strain locate in two short hypervariable

regions at the amino terminal region (amino acid positions 32-34 and 57-59), whereas the amino

acid positions 56, 63 and 100 were hypervariable in the EU strain (Fig. 3).
Six moderately conserved regions with greater than 10 residues each were identified in the

envelope glycoprotein (aa 39-53, 60-72, 74-89, 98-123, 129-165 and [71-190) of the US strain

tested. In conserved region 1 (a.a. 39-53), only the 02PBI1 differed from the consensus sequence

with a conservative an aspartic acid residue to a glutamic acid residue substitution at position 54.
Region 5 (a.a. 129-165) has a leucine residue at position 145 for the US prototype whereas an
isoleucine residue substitution (00CS1, 01UD1, 02PB1 and 02CB13) and a valine residue
substitution (0INP1, 02KK 1, 02SP2, and 02SP3) were found.

In the EU strain tested, four conserved regions were also identified (a.a. 38-55, 64-89, 134-
153, and 179-200). In conserved region 2 (a.a. 64-89), only the 02CB 12 differed from the

consensus sequence with a conservative a leucine residue to a phenylalanine residue substitution at

position 71 similar to the Porcillis vaccine.
3.3 Predicted antigenic differences

Our finding of the diversity in ORFS sequences in the Thai isolates of both genotypes led
us to compare the antigenicity profiles of the selected Thai isolates to the known ORFS5 sequences

including the live PRRSV vaccines (Fig. 4). The proximal end of the N-terminal part of the ORF5
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proteins of 00CS1 and 02SP2 (US genotype) had higher predicted antigenicity than those selected
US genotype sequences including both US live vaccines. The residue 89-109 region of only
03RBI in the EU genotype had higher predicted antigenicity than those selected EU genotype
sequences including the EU live vaccines.
4. Discussion

Porcine respiratory disease complex (PRDC) induced by PRRSV and other pathogens,
currently, is the major problem of the Thai swine industry causing severe losses in the weanling
and fattening pigs. The first isolate in Thailand was identified as the US genotype in 1996
(Damrongwatanapokin et al., 1996). Our study demonstrated the official report of the presence of
the EU genotype in Thailand and two-third of the Thai PRRSV isolates was the EU genotype.
Undoubtedly, both EU and US genotypes have been present in Thailand since Thailand has
continuously imported swine breeders from both the European and North American countries.
PRRSV might spread into the country via imported pigs or semen as evidence from the detection
of anti-PRRSYV antibodies in the imported pigs from the retrospective study (Damrongwatanapokin
et al., 1996). Additional information from the CU-VDL using the nm RTPCR demonstrated the
presence of approximately 7% of the mixed genotypes of PRRSV within the same herd
(Unpublished data). The mixed infection may occur from bringing in PRRSV-positive
replacement gilts or boars from the herds carrying different PRRSV strains. Prevention and
control strategies in the mixed infection of both genotypes may be more complicated than the
single strain infection. RNA recombination has been reported in PRRSV as a mechanism ol

generating heterogeneity (Murtaugh et al, 2001). However, no evidence of genetic recombination

between the two genotypes was found in this study.
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Ideally, studies on the genetic diversity of the Thai isolates should include a large number

ofisolafes from all provinces and preferably cover the period from the first detection until now.
We were unable to retrieve the samples before 2000 due to the technical problems. Our collection
in the past three years is considered to be sufficient for this study. However, the origins of the
PRRSYV in Thailand were not clearly identified in this study. Within the genotypes, several minor
branches were also observed (Fig. 2). Similar to the previous investigation, the clustering of the
PRRSYV isolates was not associated with geographic origins (Key et al., 2001). Those minor
branches did not appear to be associated with the geographic origins of the Thai isolates except for
028P2 and 02SP3, which shared 99.8% nucleotide identity of ORFS and 99.50% amino acid
identity. The two isolates were from the farms in closed geographical proximity. In addition,
some Thai isolates are identical despite from different provinces. Introducing the PRRSV-positive
animals into the herd may be the cause of PRRSV spreading throughout Thailand. This may
explain why the presence of identical virus was found in different provinces.

Extensive diversity among PRRSYV isclates has been documented (Andreyev et al., 1997;
Key et al., 2001; Pirzdah et al., 1998). The preliminary data suggested that the US strain of the
Thai isolates were closely related to the Canadian isolates (IAF-EXP91), whereas the EU isolates
in Thailand were similar to the EU prototype, Lelystad virus. Most of the amino acid substitutions
of the US strain locate in two short hypervariable regions at the terminal region (amino acid
positions32-34 and 57-59) similar to the previous report having the hypervariable regions at amino

acid positions 32-39 and 57-61 of the ORFS protein (Key et al., 2001).

Based on theoretical antigenicity prediction, some Thai ORFS5 protein sequences are
different from those of the prototypes of both genotypes including the currently available live

vaccines outside Thailand (Fig. 4). The differences at the N-terminal part of the ORF5 protein of



the US genotypes, 00CS1 and 02SP2, may make these particular Thai isolates unresponding to the
neutralizing antibodies-induced by the currently available US vaccines since this protein was
believed to be involved in neutralization (Dea et al., 2000). Similarly, 03RB1 (EU genotype) had
higher predicted antigenicity than others including the EU vaccines. These evidences may imply
of antigenic variation occurring in the Thai PRRSV.

Thailand currently does not have any modified live virus (ML V) vaccine of PRRSV

available commercially. Interestingly, the EU strain isolated from the eastern part of Thailand,

02CB12 shared over 99% similarity of the ORF5 nucleotide sequence and 98.6% of amino acid

identity with the Porcillis vaccine (AF378819). There are only two amino acid differences in the
ORFS5 between 02CB12 and the Porcillis vaccine. The Porcillis vaccine has an asparagine residuc

at amino acid position 150, whereas 02CB 12 has an aspartic acid residue. The other substitution
occurs at amino acid position 168 where a lysine residue in the Porcillis vaccine is replaced by an
arginine residue in 02CB12. However, the ORFS5 data from this study do not fully support the
origin of 02CB12. Clearly, further studies are needed to determine the similarity of those viruses.
It is likely that the presence of genetic heterogeneity among PRRSV isolates will continue
to be the major obstacle to effective prevention and control of PRRSV infection. In the near
future, the MLV vaccines will be available in Thailand. The use of homologous MLV vaccine
may lessen the clinicaf signs of the PRRSV-induced diseases, but there are still ambiguous on
heterologous infections (Mengeling et al., 1999; Mengeling et al., 2003). The multi-strain
attenuated PRRSYV vaccines may be needed. The control strategies in the mixed infection of the
two genotypes may be more complicated than the single genotype infection. Until now, the Thai

swine practitioners have implemented several strategies including supportive treatment, culling
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I  sick piglets and sows, minimized fostering, prolonged gilt acclimatization for at least 60-90 days

2  and other husbandry management and biosecurity systems to control the outbreak.
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2 Table 1: Genotype, geographic origin, year of isolation and accession no. of PRRSV isolates

3  examined in this study

Isolate ID Genotype Origin Year Accession no.
RespPRRS Us USA vaccine NA AF066183
PrimePac PRRS uUs USA Vaccine NA AF066384
MD-011 us Taiwan NA AFI121131
EDRD-1 US Japan 1992 D45852
IAF-EXP91 uUs Quebec, Canada 1995 140898
Lelystad EU The Netherlands 1991 M96262
DKI111-92 EU Denmark 1992 AJ223078
Porcillis EU The Netherlands, vaccine NA AF378819
Pyrsvac EU Spain, vaccine NA AF378820
00CS1 usS Chachoengsao (13)*, Thailand 2000 AY297111
OINP1 us Nakorn Pathom (6), Thailand 2001 AY297112
01UDe6 Us UdornThani (35), Thailand 2001 AY297113
02CB13 Us Chonburi (14), Thailand 2002 AY297114
02KK1 US Khonkhen (28), Thailand 2002 AY297115
02PB1 Us Prachinburi (18), Thailand 2002 AY297116
02SPpP2 uUS Suphanburi (56), Thailand 2002 AY297117
025P3 us Suphanburi (56), Thailand 2002 AY297118
01CBI EU Chonburi (14), Thailand 2001 AY297119
O01RB1 | EU Rachaburi (57), Thailand 2001 AY297120
02BR1 EU Burirum (21), Thailand 2002 AY297121
02CB12 EU Chonburi (14), Thailand 2002 AY297122
02SB2 EU Saraburi (11), Thailand 2002 AY297123
03RB1 EU Rachaburi (57), Thailand 2003 AY297124

4  *See Fig 1 for the province location



Table 2: Prevalence of PRRSV genotypcs in each region

Regions EU uUs Total
Central 61 31 92 (67.15%)
North 15 4 19 (13.87%)
Northeast 10 4 14 (10.22%)
South 3 4 7 (5.11%)
Unidentified 2 3 5(3.65%)

Total 91 46 137
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Table 3B: Pair-wise comparison of nucleotides and amino acid sequences of the ORFS5 gene of

the PRRSV (EU genotype).

PRRSV DKI111i-

Isolates Lelystad Porcilis Pyrsvac 92 01CB101RB1 02BR102SB2 03RB102CB12
Lelystad 98.60° 93.30 92.00 87.50 87.50 93.30 97.80 87.00 98.50
Porcilis 97.9 93.1 89.4 84 84 931 963 836 99.1
Pyrsvac 92.4 9l 90.3 845 845 898 912 856 92.6
DKI11-92 93 896 924 88.7 88.7 872 903 875 91.3
01CB1* 88.8 86.1 88.2 89.8 100 84 862 935 86.5
01RB1 88.7 86.1 88.2 89.7 100 84 86.2 935 86.5
02BR1 923 924 896 87.7 856 856 91.5 855 93.3
02SB2 98.5 96.5 91 915 872 872 908 85.6 96.6
03RB1 883 854 889 893 954 954 867 868 86.2
02CB12 98.5 986 91 91.5 883 882 9I.8 965 878

*>See Table 3A for key



Fig. 1 Map of Thailand. Dark areas represent the provinces, where the selected viruses were tested

in this study. See Tabl¢ [ for the virus origin.
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Fig. 2 Dendrogram based on the nucleotide sequence of the ORFS5 gene of PRRSV (Fig. 2A = US
genotype, Fig. 2B = EU genotype). The phylogenetic tree was generated using Clustal method
with weighted residue weight table, MegAling program (DNASTAR, Madison, WI). Bootstrap
analysis was performed using PAUP version 4.02b with 1,000 bootstrap replications. The values
adjacent to each node represent the percentage of 1,000 bootstrap trees that support the clustering.
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Fig. 3B

Fig. 3 Amino acid sequence alignment of ORFS of PRRSV (Fig. 3A = US genotype, Fig. 3B = EU
genotype). The consensus sequence is shown on the top. The amino acid identities are indicated
by period (.). The hypervariable regions are indicated by asterisk (*).
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Fig. 4 Antigenicity plot (Fig. 4A =US strain and Fig. 4B = EU strain) of selected PRRSV
based on the ORFS trees in Fig. 2. The Jameson-Wolf antigenicity plot was generated using a
corpputfer program, PROTEAN (DNASTAR, Madison, WI). A high score indicates high
antigenicity. A detailed description of the selected sequences is given in Table 1. The residue
at the amino acid position 33 was used at the beginning of the plot in Fig 4B.
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