Chapter 2

Review literatures

The syndrome of reproductive and respiratory diseases of the unknown etiology

was first recognized in 1987 in the swine herds in North Carolina, lowa and Minnesota

(Keffaber, 1989). In the Nethe 18 5 rs later, the similar syndrome was
refered to various names such e porcine epidemic abortion
and respiratory syndro Bl nhe Spatabort der Schweine, blue ear

disease, porcine reprodug gfrgspiratd drom PRRS) and swine infertility and

respiratory syndrome ifis el alus1992)% FindllfiPRRS has been used to

genotype. Laterin i -,-—»----————--A--——---;;_--‘ -------------------- grican strain (US), VR-2332

)

was isolated in 1992 0

alland; porcine reproductive and
J
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respiratory syndrome virdg {RRSV) might spréad via imported breeding pigs from both
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ammals increased annually from 8.6 in 1996 to over 79 in 1999. 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 (Damrongwatanapokin et al.,



1996). A few years later, both EU and US genotypes have been reported in Thailand by
nested multiplex PCR (Thanawongnuwech et al., 2002). However, antigenic variation
exists within the US genotype based on the nucleotide sequences of open reading
frame 5 (ORF5) (Meng et al., 1995a).

PRRSV is classified within the genus Arterivirus in the family Arteriviridae placed

in the order Nidovirales (Cavanagh! . e Arteriviruses include lactate

stranded polyadenylateg

eight open reading fragg ge open reading frames

\

RE2-ORF7). ORFs 2, 3, 4 and 5

(ORF 1a and 1b) encodifg iral RNA polymerase and

associated protease) and ot

encode structural proteins, OR _- s.a (M) protein of 18-19 kD and ORF 7

encodes a nucleocay km— .E et al., 1993: Mardassi
" Il

et al., 1995; Meulenb et al., 19957"Cavanagh., 1997:; ulenberg et al.,, 1997).

Envelope glyCﬁoﬂ ﬁﬁjwﬂrﬁ %"' wﬂa];ﬁnszems consisting of

a 25 kDa. Béth glycoprotein E ang the glycoproteln encoded b ORF4 induce
neutraq'vwf]na @Hﬂ gm %ﬁq ?mﬂqa igloprotelns
contamnng a hypervariable region are responsible for generating the diversity of the
PRRSV. The variability in the ectodomain of ORF5 associated with antigenic variability

of the GP5 of PRRSV is the result of positive or



Fig. 1 Schematic repre ____---— -------- s spherical in shape,

enveloped and posse‘ v ‘lf'l' “RNA genome that is

il ’ﬂ
At least four prot iﬁq egleﬁ f ,T ﬁ ycosylated matrix
protein (M) and t ﬁ ﬁ ts, whereas GP2
and GP4 are two mmor components (Deafet al., 2000).
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encapsidated by the nucledcapsid protein (N), , yielding an iée@sahedral core structure.
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Fig 2 Schematic diagram of the » organization. The nucleotide

sequence is represented tte en h one of which encodes a

viral protein, are shown as numb Oxes etal., 2001).
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negative neutral selection by antibodies or other host defenses (Pirzadeh et al., 1998:
Rowland et al., 1999). Mutations within the antigenic domains of GP5 may contribute to
the establishment of a chronic form of the disease and eventually a persistent infection
(Pirzadeh et al., 1998). The antigenic drifts of the hydrophilic domains of GP5 could be

the result of the host's selective humoral immune response directing against the

exposed domains of this envelope glyec g dhese genome variants may be an
effective mechanism for evaein ( rveillance. The one point

mutation in the epitope rec (Mab) may change the

reactivity of the strain example, the monoclonal

antibody, SDOW17 (S U and US isolates but

VO17 (South Dakota St [ =y ‘;,: he US isolates (Nelson et al., 1993).

\

Similarly, WBE4 reacts with so febitedt 3 1995).

The antibody to nucleoc_; ;pl be detected as early as 14 days

post infection (Xiao & L:!.-,'"""ft,"f“"'""”m"""}i til day 21 and peaked
h N o

at day 28. Disappeara e of vir 0 dlation is mos closely associated with

an increase in ﬁ.ﬁlgo?wlgﬂ%ﬁw 'Ej yTﬂgjef peripheral CD4’

and CD8" T subgbt lymphocytes suggﬁst an early and transient immunaffppression in
F=9
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sternal lymph nodes, mesenteric lymph nodes and bone marrow, harbour PRRSV-

specific lymphocytes during acute and persistent infection. Tonsils, the primarily

lymphoid tissue sampled in the persistence studies, had high level of PRRSV but no



responding of lymphocytes. The IFNY-secreting lymphocytes are CD8" suggesting that
PRRSV-specific lymphocytes are CD8" cytotoxic T lymphocytes. The response of
PRRSV-specific IFNY-secreting lymphocytes was transient, and showed little correlation
with clearance of virus from the circulation. However, PRRSV-specific IFNY-secreting

cells were detected in PBMC at day 14 and peaked at 28 days post infection (Xiao et al.,

2003).

glycoprotein E in pa

\\

\ erestingly, in one study the

ences that occur among

the majority of the US

low virulence strain had"mogé vafiation &f aming aéid se juences than that of the severe

virulence isolates and formey her US isolates (Meng et al.,

1995a). In additions, the mark genicity between the US and the

EU isolates and amang-the US st ,:‘w'-j.-'- Experimentally, the
" i

Lelystad virus (EU pro I pe) and the low virulence US isolate (VR 2431) induced mild

et e TN ARG = e

2385) induced Igt!ored and rapid abdgminal resplratlﬂ pyrexia, Ietharwanorex:a and
patchﬂwlatgn ‘jmvumdg g Y]ﬂ l] aﬂg\lg lesions,
sngnificantly more severe lesions and more persistent lung lesions (Halbur et al., 1995b).
PRRSV antigen was detected more in the lung, lymph nodes and tonsils of VR2385

infected pigs than those of the VR 2431 infected and Lelystad infected pigs by
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immunohistochemical evaluation. On the other hand, the cell type and the distribution of
PRRSV - positive cells in most tissues were similar for all viruses tested (Halbur et al.,
1996a).

The PRRSV is considered to be very infectious since pigs can be infected with

relatively small amounts of virus (20-40 virions) by intramuscular (Nelson et al., 1994),

intrauterine (Yaeger et al., 1993 gen et & 6; Prieto et al., 1997), oronasal

(Terpstra et al., 1991), intrap@ritoneal (Swe @) or intravenous (Mengeling

et al.,, 1994) infection. ‘ , : I qui h infectious virus particles

produced in vitro withingf0 0l et al., 199 , ivo within 12 hours after
inoculation (Rossow et aff, 19

induce apoptosis of the/@djageni lls {S ar | 1 ur et al., 1997; Sirinarumitr

etal., 1998; Sur et al., 1998).

Virus may get into the sust eral possible ways either adhering

at the primary site ;;""'__— e by ! '* ytic cell. PRRSV may

i
enter the phagocytic ~;! s through an antibody - depende tn echanism referred to as

~ AT

mediated event™r enter a cell via a EH dependent endocytotlc pathwa (Kreutz and
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macrophages (Duan et al, 1998). Two receptors are identified for PRRSV on

macrophages: heparan sulphate glycosaminoglycans (bind with matrix-protein or GP5)

and sialoadherin (both attachment and internalization of PRRSV) (Nauwynck et al.,
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2003). However, the macrophage tropism of PRRSV is restricted within only some
subpopulations representing some specific states of differentiation and activation (Choi
et al, 1994). The restricted tropism for some subpopulations of macrophages by
PRRSV is suggestive of a quantitatively heterogenous distribution of the virus in different

organs or tissues. The tonsil, lung and tracheobronchial lymph nodes appear to be the

replacement of those magh i ' 7.- ‘e ce | bung macrophages have
limited ability to cope wij i iNGTES - ;umonia and septicemia (Pijoan
et al,, 1994). Pulmo i ophage \;‘ ), another population of
pulmonary macrophages are i : 2 of circulating bacteria in pigs.
PRRSV induced damage;s to 5_‘ A effect on removal of bacte.ria from

the bloodstream, w_everity of secondary
h N o

. . . .I . II . .
bacterial  infection, 1! specially rEPIococCus  suigd associated  disease

(T“a"aw"”g"”FTT‘laEfﬂ’WETWfWEJ’Tﬂ"‘i”"°” e

endotoxins of Gkam- negative bacten% (Ilpopolysaccharlde LPS). P exert their
buologaa ﬁ1@ ﬁiﬂ m u)m ’]Pg m&q@ ilessed on
the membrane of monocytes, macrophages and neutrophils. Binding of LPS to CD14
can be enhanced by LPS-binding protein (LBP), a soluble acute phase protein. LBP

increases the effect of LPS about 100 - fold. The PRRSV infection increases CD14
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expression and LBP in the lungs, thereby sensitizing the lungs for LPS (Van Gucht et al.,
2003).

After PRRSV infection, the virus initiated clearance from systemic circulation at
day 5 post infection and slower rate of clearance from 5 to 14 dpi relate with the higher

viral load in tissue (Shin and Molitor, 2002). PRRSV antigen has been demonstrated in

monocytes and macrophages of skin, kidney and spermatogenic

cells by immunohistochemistrys(V etgal., ﬁﬁt al.,, 1997; Rossow, 1998;

Thibault et al., 1998). P( 3 also pe e resident macrophages of

salivary gland and skin nssituthy iz on huch et al., 1999). The
PRRSV induces lesion i ‘ 35 e most, dis iminating lesion is in the
lung. The pulmonary | Savete within, 4 g hours of infections, peaked by 10
days and resolved by 21-28 c alb r et al,, 1995b; Rossow et al.,

1995; Halbur et al.,, 1996). Itifocal interstitial pneumoﬁia is

characterized by thieeimei-chahges—t-seniat-tnie] :‘ mononuclear cells, 2)
k. 2 ot

type 2 pneumocyte h\Brtrophy and hyperplz

a and 3) abgumulation of normal and

necrotic macrﬁaﬂ gnﬁlm;ﬁwﬁ'wﬁprﬂqiemaswar cuffing

(Halbur et al., 1Q5b Lymphoid tlssuEs are affected in multiple sites concurrently and
charaa ﬁq a ?ﬂwﬂ gmu%q ‘g naq a-» &lcasmna“y
necrosis. The generalized lymphadenopathy characterized by a follicular hypertrophy
and hyperplasia begins about 10-14 days after infection and persists for at least several

weeks (Halbur et al., 1995b: Halbur et al., 1996). Vascular lesions can occur in blood
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and lymphatic vessels of any size in any organ. Lymphocytes and plasma cells infiltrate
beneath the endothelium with occasional transmural infiltration of those affected vessels.
Heart lesions contain subendocardial, subepicardial and myocardial infiltration of
lymphocytes.  Brain lesions compose of infrequently histiocytic choroid plexitis,

lymphocytic perivascular cuffing and gliosis. Meningeal lesions are rarely found. Nasal

intraepidermal spaces and

submucosal inflammation. .. ; ingly ta@ only detected in a small

percentage of aborted Iltter ers aborted within the last

turbinate lesions demonstrate -

2 weeks of the gestatio xcept vasculitis involving

major organs, myocardifis, afics itisTor | Jme! crotizing arteritis of the
umbilical cord (Swenson et J96; Rossow et al., 1996).
Infected - boars may have de .-r"' gualitys Infected - sows have mild
lymphoplasmacytic inflammation: :3? z ;____1:‘ act. Clinical manifestrations of

PRRS are diverse ar I.‘."‘[ ne status of the host.

of a PRRS outbreak is variab J Some herds may be

devastated by ﬁﬁﬁiqwﬂmﬁfﬂhﬂﬁmﬁect Differences

in mortality are &snbly due to the doie of virus at ex osure virus str@ pig genetic
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The commercial modified live virus (MLV) vaccine have been used in the United

H |
The severity and dura ‘I

states since late 1994 and then used in some countries but not in Thailand. This

particular vaccine is based on a cell culture adaptation of the pathogenic North
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American VR 2332 isolate (Collin et al., 1992). A few years later, there was an evidence
that vaccine virus could persist, mutate and eventually cause clinically relevant
responses in pigs (Botner et al., 1997). In addition, the vaccine-derived field isolate is
able to cause reproductive disorders by inoculation into the pregnant sows (Nielsen et

al., 1998). Coexisting between the vaccine virus and the field strain is possible and may

induce clinical disease (Rossow &t al.. 1996 atural recombinant of ORF1 has

been reported (Yuan et al?™e -, ; the ir f the American PRRSV to
Denmark was determlne Ji {ive Viru§ e (Madsen et al., 1998). In

addition, 33% of PRRSV.i (he same RFLP pattern for

the MLV vaccine (Cheg pan, some field isolates

also have the same RFLP patterg f'; ' s e that the isolates before

using the live vaccine had ng RFLPY

2001). Recently, 86 of 254 of ‘7;- ;;‘ ; 3 demonstrated the RFLP pattern

the vaccine virus (Itou et al.,

= T
%

similar to the MLV a ;'—.'“#' isolates might have

al et al., 2002). These facts may imply

that the attenuﬂductr] ,J wyww mﬂ‘ﬁd sows, changed

genetically and felerted to virulence (l}elsen et al., 2001 It should b oted that the

VaCC'”Q‘WI]EaOQﬂ iegubumrl'g mﬂfl ar&lnd lymph

node enlargement while the filed strains having the RFLP pattern for ORF5 identical to

b |
originated from the spre ,l of the va

the vaccine strains are able to induce pulmonary lesions (Mengeling et al., 1999)
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Current methodologies used to detect PRRSV infection include 1) virus isolation,
2) antibody detection, 3) antigen detection and 4) viral nucleic acid detection. Virus
isolation is a test of choice used for confirming the presence of the virus and for
differentiating the strain by Mab. The serum and Iung are excellent samples for virus

isolation in acute phase. The lymphoid tissues especially tonsils are excellent for

persistent infection. However, boar seme toxicity to the cell cultures. RT-
i &semen Antibody detection

using indirect mmunoﬂV find roquase monolayer assay

provides a sensitive

measurement to quanti to 8e1 3 "". . A seems to be the most
0y \\\
sensitive method. The | deteci-ar

\-. o either the EU or the US

strains of PRRSV. The neutralizing= i ally slow to appear following
exposure to the PRRSV but ication of protective immunity.

“““ sensitive for antigen

lmmunohistochemist -

b
detection in tissue sanﬂs especially Ung and lymphoiddtissues (Mengeling and

- EE TN -

of PRRS. Itis fadtland very sensitive. T.be multiplex- PCR has been deve&yed for strain

oo W b hiar kb e M) AN

(Wesley et al.,, 1998a). The nested set RT PCR was generally as sensitive as the
combination of methods used for PRRSV amplification prior to RFLP analysis, and it can

markedly reduce the time required for testing (Umthun and Mengeling, 1999). The in
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situ hybridization (ISH), the greatest application in experimental studies has been
designed to identify the cell and tissue tropism containing PRRSV during persistent
infection (Mengeling and Lager, 2000). The fluorimeter-based PCR has the advantage
of less time consuming (40 mins) and high specificity (melting point and sequence

specific probes) (Spagnudo-Weaver et al., 2000).

The standardized method for | is of PRRSV isolates includes

digestion of PCR-amplified DN 3 Pﬁected restriction enzymes

- 3
AS| €] 1N

cluding virus amplification by
means of isolation and afaj ulture ditional amplification of a

portion of the viral geg nonnested-set reverse

transcriptase polymerasé ch ac iopr(i ; ‘ \. \ “restiction fragment length
polymorphism (RFLP) analysigf{Umi# Afd- gelingy 1999). Regarding to PRRSV
JAEle. < 19

replication, genetic variation was. vitro propagation using MARC-

145, MA-104 or <§"""" P I"" 1995). The RT-PCR

H |
is used for viral RNA amplification COMt2

major step Firstly, the viral RNA is
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with reverse tranmnptase The second .step is polymerase chain reactl ., The number

o conl e ek Gl YA ANUNALL, v

analysis dnrectly from lung specimens has been demonstrated to be more sensitive,

accurate and rapid than from the viral isolation (Cheon and Chae, 2001).
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The restriction enzymes give a numerical code to each isolates. The Mlul cutting
site is able to distinguish the US vaccine from the field isolates. The MLV vaccine virus
could be cut by this enzyme because only this vaccine virus has an alanine (A; GCG) at
the residue 137 in a moderately conserved region of ORF5. The consensus sequence

has a serine (S; TCA, TCT) at the residue 137 for all the PRRSV strains. A Gto T

transversion made the 6 nucleotide recog séguence resulting in Mlul could not cut

all the PRRSV isolates. By afalyzin g &nd Sacll RFLP patterns, the
field isolates could be d( elvaceine (Wesley et al., 1998a). Based on

the previous investigati i e ‘ F5 be differentiated the PRRSV
esome field isolates having
. Other additional restiction
enzymes, Haelll was used fo : _ (Madsen et al., 1998), in Korea
(Cheon and Chae, 2000) and g 002). The Mspl was added in the

analysis in Japan (I{fifetat-2o6—R=r-patterns-are-ai '-:‘ investigation of the
A, 5 by

C |vergen‘ of RFLP patterns after

replication of Pﬁﬁﬁﬁﬂw 555 Wm ﬁaﬁ/ et al., 1998b). In

contrast to the Hlev isolates from th; Ontario farms, Canada those vnruses have the
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field condmons (Cai et al., 2002). The objectives of this study were to study the RFLP

divergenicity of PRRS :l No evide

patterns of the Thai isolates and to study the pathogenesis of the Thai isolates of each

genotype.
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