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CHAPTER |

INTRODUCTION

Infectious bronchitis (IB) is an acute viral respiratory disease of chickens and
results in a significant economic loss to commercial chicken industries in many countries
of the world. The disease is characterized by respiratory signs including gasping,
coughing, sneezing, tracheal rales and nasal discharge (Parsons et al., 1992). All ages
of chickens are susceptible to 1BV infection,sbut'the clinical signs are more severe in
young chickens (Animas. gt al., 1994). In hens, respiratory distress and a decrease in
egg production have been reperted (Gough et al., 1992). Some strains of IBV can cause
acute nephritis and uralithiasis associatefd with a high mortality of infected chickens
(Ziegler et al., 2002; Liu and Kong, 20042.=;In addition, 1BV has also been reported to
cause proventriculitis {Yu et al., 2_001). El'urghermore, the disease is a risk factor for
secondary bacterial infegtion‘resulting.in aEhL_e;/en higher morbidity and mortality (Ziegler
et al., 2002). : .
Infectious bronchitis viru)sr(ié.\/), the‘ ;;Ljﬁ?tive agent of IB, is a coronavirus. The

genome of IBV consists of positive sense;sﬁ_gglp_ stranded RNA, approximately 27.6

kilobases in length (Béursnell et al., 1987), that is encoded. for four structural proteins:

nucleocapsid (N) protéin, envelope (E) protein, membranéfr(M) glycoprotein, and spike
(S) glycoprotein (Cavaragh and Nagi, 2003). The S glyeeprotein is post-translationally
cleaved into the.S1.and.S2 ‘subunits.(Cavanagh.et al.,.1986). The S1 subunit, located on
the outside of Virion “is=responsible=forithe fusion between the'virus envelope and the
cell membrane of the host (Boursnell et al., 1987)slt contains virts' neutralization and
serotypesspecific ‘épitopes| thatl are Cformed byl amino.' acid® within the defined
hypervariable region (HVR); therefore, the molecular characterization of IBV is based on
an analysis of the S1 gene (Kingham et al., 2000).

The continuous emergence of new serotypes or variant strains of IBV has been
reported world-wide (Gelb et al., 1991; Gough et al., 1992; Jia et al., 1995; Liu and
Kong, 2004; Pohuang et al., 2009). The events are thought to be generated by mutation

processes including deletion and insertion of the nucleotides within IBV genome;



moreover, the evolution by genetic recombination has also been reported (Jia et al.,
1995). The new serotypes or variant strains of IBV can cause disease in vaccinated
chickens (Gelb et al., 1991; Gough et al., 1992; Liu and Kong, 2004). Therefore, these
emergences are of great concern to poultry producers.

Current diagnosis of IBV infection includes virus isolation, serological test and
molecular assay. The virus isolation and serological methods have several problems in
that they are expensive, time-consuming, labor intensive and lack sensitivity and
specificity (De Wit, 2000). Moreover, it is difficult to provide the standard methods that
can be used to detect all IBV strains because different serotypes of IBV have been
reported world wide and new-variant serotypes-econtinue to be recognized (Gelb et al.,
1991; Liu and Kong, 2004)..Séveral times, the previous published diagnostic methods
can not detect those new variant 'strains (Lee et al, 2001; Mondal et al., 2001;
Worthington et al., 2008). However /it'is necessary and important to be able to diagnose
these new variant strains andsdetermine Yhe;type of them because it is an important
factor for the selection of an appropriate va";:cine_ against IBV infection in the next flocks.

Vaccination for the preventirc_)lr_w of IBl-:j“lé_l/v-idely practiced. However, IBV has been

isolated in vaccinated chickens (Gelb et al., 1991; Gough et al., 1992; Liu and Kong,

2004). The vaccine failure may..be Cause’(jf:_-by_the differences in the genotypes or

serotypes of vaccine gt@ns and field strains (Pensaert and Lambrechts, 1994). In some

cases, improvements 4n protection might be achieved-by the use of a different IB
vaccination (Fabio et al., 2000). At present, many strains of vaccine are commercially
available. It isFimportant toyperiodicallyyevalyate gtheseross-protective capabilities of
vaccines versus, field isolates, because the oufcomes of these studies will provide
valuable.informatiopson.the-practical use of, existing.vaceines and.the potential need for
new ones.

In Thailand, the outbreak of IB was initially reported during 1953-1954
(Chindavanig, 1962). Since then, IB has continued to be an economically important
disease in the Thai poultry industry and can be found all over the country (Upatoom et
al.,, 1983; Antarasena et al., 1990). Upatoom et al. (1983) reported the incidence of
disease outbreaks in the north-east of Thailand in broilers aged 14-28 days with 1-15%

mortality rate. Among the reports of 35 incidences in the south of Thailand were 29 in



broilers aged 12-44 days, 5 in layers aged 8-40 weeks and 1 in 3 months old native
chickens. Respiratory symptoms along with enlarged kidneys were observed in 21
incidences and enlarged kidneys only were observed in 4 incidences (Antarasena et al.,
1990). Recently, we characterized IBV isolated in Thailand 1998 by analysis of the HVR
of S1 genes and found that the Thai IBV isolates were difference from IBV in other

countries and it was unique to Thai strain (Pohuang et al, 2009).

Objectives

1. To establish a neste ction of IBV including IBV isolated

5> To determine th( hai IBV isolates in the recent
disease outbrea IS .\‘\\

in Thailand
s and comparing them with

3. To evaluate t tect Jene . by 2 live attenuated vaccine

Conceptual framework

Part 1: To establish a h

f ‘@ ﬁNﬁeﬁRﬁﬁﬁm'zat'°” n®

SpeC|f|C|ty determination £, Sensitivity determination

Qﬁﬁﬂﬂﬂim&%’%’mmﬂﬂ
U



Part 2: To determine the molecular characterization of IBV isolated in Thailand

Detection of clinical cases associated with IBV infection by nested RT-PCR

U

Virus isolation and propagation

U

Amplification of S1 genes

[l

nce analysis

Part 3: To evaluate the( ated by 2 enuated vaccine strains

perime t hickens

ntibody response

Y

Virus de etec .._.___._._-_,..._._._.._ ......................

Expected values

1) The revsﬁf will vﬂe a useful diaghiestic method that can detect IBV including
ool d LA NEL AT S,

The results will provide the! information .of. the molecular.characteristic and

KL GERPE LT TR R

3) T%e results will provide an appropriate vaccination protocol for the prevention of

the chickens from infection with the recent Thai IBV isolate.



CHAPTER I

LITERATURE REVIEW
Infectious bronchitis virus

Infectious bronchitis virus (IBV), the causative agent of IB, is a group 3
coronavirus (Table 1). The four existing coronavirus groups were initially divided on the
basis of a lack of antigenic relationships between the species of different groups

(Cavanagh, 2003). IBV is envel
approximately 120 nm. The vm@

genome of IBV con3|sts 0

eomorph|c with a mean diameter of

ﬁs aped on its surface (Figure 1). The

randed RNA, approximately 27.6
kilobases (kb) in Ieng encoded for four structural
proteins: nucleocapsi o brane (M) glycoprotein and
spike (S) glycoprotei e S glycoprotein is post-

translationally cleaved i h et al 1986).

Group
Group1 Porcine transm@:ﬁe— \teritis coronavirus
,.-':.-—::51';’-; =

Feliné coronavirus

Porcga epidemi

Humantcasonavirus 229E o.»

sore bbbl WEI T

Human coronavirug'OC43
A RN B3R URIINYIAY
Canine respiratory coronavirus
Porcine haemagglutinating encephalomyelitis coronavirus
Group3 Infectious bronchitis coronavirus
Turkey coronavirus
Pheasant coronavirus

Group4 SARS coronavirus
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Figure 1 Coronavirus geno vmﬁ (Perlman and Dandekar, 2005)
LS
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It has been shown for IBV that the S gl in ig"involved in the induction of

neutralizing, serotype specific and The studies of epitopes on S
glycoprotein indicate t@ th neutra g epitopes are foﬂ}d on both S1 and S2 subunit
(Cavanagh et al., 1988y Kech et al., 1990). Koch et al. (1990) found that the S

eomors PSR RIS WBITVE) S o

eight epitopes. %IX epitopes located in S1 sub t and two ep@pes located in S2
R RIAINTUNRINGA Y

P!nrr and Collisson (1993) characterized the antigenic determinants of the S
glycoprotein by using eleven monoclonal antibodies produced from the
nephropathogenic Gray strain. They found that four monoclonal antibodies, the
conformation-independent monoclonal antibodies, were considered group specific
because they reacted with Arkansas DPI, Massachusetts 41 (M41) and Gray strains.

Seven monoclonal antibodies, the conformation-dependent monoclonal antibodies, were



considered type specific because they reacted with Gray strain only. These indicated
that eleven epitopes were present on S glycoprotein. Moreover, two monoclonal
antibodies provided protection of chickens from kidney damage after challenge
suggested that the epitopes on S glycoprotein reacted with these monoclonal antibodies
associated with IBV-cell interaction that provide link to virus tropism and pathgenesis.
The other reports have shown that conformation-independent neutralizing epitopes are
located to the S2, whereas the conformation-dependent neutralizing epitopes are

assigned to the S1 (Cavanagh et al;, 1988; Lenstra et al., 1990).

S1 subunit 4

The S1 subunit of [BV.forms a distal globular part of S glycoprotein, extending
outwardly, and anchors to th€ 52 subunit which [ocated in the virus envelope (Cavanagh,
1983). It has been shown far the $1/subunitthat this part is responsible for the biological
function of IBV including indugction, of neu_ftra]_lizing antibodies (Cavanagh et al., 1986;
Ignjatovic and Galli, 1994), hemagglutiniri_activity and virus attachment to host cells
(Cavanagh et al., 1986; Cavanagh- ahd Dav-i-:s;.l1é86).

The different serotypes; s(;btypes o;IBV variant strains are thought to be
occurred by amino acid changes in S sﬁjuqmt resulting from nucleotide deletion,
insertion point mutation” and recombination events (Cavanagh et al., 1986; Lee and
Jackwood, 2000). Different IBV serotypes usually differ 20%-25% of amino acid in S1
subunit (Gelb et al., 1997). However, the S1 subunit of the' same serotype may differ by
8%, whereas a=yariation jof-only4 2% smay=also change the serotype because of the
occurrence of amino ‘acid change'in"S1 'subunit (Moore et'al.,"1998).

Cayvanagh et al..(1992) analyzed nucleotide ‘and, amino.acid“identity in S1 gene
among three"IBV serotypes'including serotype 1’ (UK/6/82,-NL/D207/79'and UK/142/86
strain), serotype2 (UK/167/84 strain) and serotype3 (UK/123/82 and NL/D3896/78 strain).
They found that the difference in 19-32 nucleotides and 11 nucleotides were found
between the strains within serotype1 and within serotype3, respectively. Nucleotide
comparisons between serotypes showed that the difference in 19-34 nucleotides, 26-45

nucleotides and 19-34 nucleotides were found between serotypel and 2, between

serotype1 and 3 and between serotype2 and 3, respectively. The difference 6-14 amino



acids and 8 amino acids were found between the strains within serotype1 and within
serotype3, respectively. Amino acid comparisons between serotypes showed that the
difference in 10-17 amino acids, 16-23 amino acids and 20-23 amino acids were found
between serotypel and 2, between serotypel and 3 and between serotype2 and 3,
respectively.

The variable regions observed in S1 gene have been identified and designated
as HVR which can be separated into two regions including HVR1 (residues 54-68) and
HVR2 (residues 116-141) (Figure 2) (Kusters et al., 1989). After that other variable
regions have been reported. Cavanagh et al.(1992).found that the most variable regions
were observed within amineraeid residues 19-122-and251-374. Kant et al. (1992) found
that the variable regions betweenD207 strain and its variant was observed within amino
acid residues 26-61, 13__2-149 and 29’1-398 of ST gene. Similar to the sequence
variations among 19 IB\r/’i_,solates from _the United States, the sequence variations were

!

observed between amiﬁo acids 55—96, 1%5—,1_49, 255-309 and 378-395 (Moore et al.,

1998). V-9
A
: Spih* ;:‘“ﬂmhﬂl'll Nucleocapsid

Figure 2 IBV genomic organization and hypervariable region in S1 gene. Schematic
representation of the single stranded RNA genome of IBV. The cross-hatched boxes

indicate the location of HVR1 and HVR2 (Kingham et al., 2000).

Clinical signs
IBV can cause an acute respiratory disease of chickens. The infected chickens

show respiratory signs including gasping, coughing, sneezing, tracheal rales and nasal



discharge within 2 days post-infection, the mortality occur within 5-9 days post-infection
(Chen et al., 1996). Occasionally, conjunctivitis, lacrimation, edema and cellulitis of the
periorbital tissues and swollen sinuses may be seen (Parsons et al., 1992, Terregino et
al., 2008). In addition the chickens appear lethargic, reluctant to move and in some case
present with dyspnea (Terregino et al., 2008). The chickens can recover within 2 weeks
post-infection (Chen et al., 1996).

IBV infection in hens is known to cause decline in egg production (Crinion et al.,
1971; Crinion, 1972; Lucio and Fabricant, 1990; Parsons et al., 1992; Wang et al., 1996;
Wang and Khan, 2000; Mondal et al., 200%).2ad deterioration of egg quality (Crinion et
al., 1971; Crinion, 1972; Geek-and Huggins, 1986;Wang et al, 1996; Wang and Khan,
2000). The appearance of paler shells, change in egg shape (Cook and Huggins, 1986;
Chousalkar and Roberts, .2007a); soft-shell eggs (Wang and Khan, 2000) and laying
eggs with watery albumindare‘found in infécted hens (Crinion, 1972; Chousalkar and
Roberts, 2007b). The seveiity of oviduct irﬁeo}ion varies with the age of chickens at the
time of infection and straing of 1BV, ‘The i‘;ﬁgcfjon of hens at an early age can cause
permanent damage to the developri_rrﬁ_g reprk:_jéudc-tive tract, resulting in false layers at the
laying period (Jones and Jordan,4970; Crinion éﬁﬂal, 1971).

Some strains of IBV can-cause diar’rﬁ_eéi in the infected chickens. Some of the

Australian T strain inf?@ed chicks are developed diarrhga/and they have feces and

urine matted to the cloaca (Chong and Apostolov, 1982). Villarreal et al. (2007) had
reported the outbreak 0f moderate to severe enteric diSease in 17 broilers and one
laying farm. Thevinfected |chickens showedawatery diarrhea;peor general condition and
increased feed gonversion ratio but without respiratory or reproductive signs. IBV could
be isolatedsfromsthe-enteric.samples ofiinfected-chickens and the strain appeared to be
closely related to the D274 'serotype. In"the report of Yu et al. (2001);"diarrhea is also

found in the chickens infected with IBV strains that cause proventriculitis.

IBV-host cell interaction
The interaction of IBV with its cellular receptor is an importance step that will
enable entry of virus into the cells. It has been shown that IBV uses an a2,3-linked sialic

acid as a receptor determinant for attachment to red blood cells (Schultze et al., 1992).
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Recently, the confirmation of IBV-receptor interaction on chicken cells has been
reported. Winter et al. (2006) had shown that the primary chicken kidney cells incubated
with neuraminidase enzyme became resistant to infection by IBV strain Beaudette and
M41. It is known that neuraminidase enzyme has the ability to remove a.2,3-linked sialic
acid from the cell surfaces (Schultze et al., 1992; Ruano et al., 2000). Therefore, IBV
recognize a2,3-linked sialic acid for its initial infection mechanism (Winter et al., 2006).
Abd El Rahman et al. (2009) had demonstrated that there were many cells expressing
a2,3-linked sialic acid on the tracheal epithelium. Moreover, IBV Beaudette, 4/91, Italy-
02 and QX strain had the ability to use a2,3-linked. sialic acid on the tracheal epithelium
as a receptor determinantbutthe strains differed-inthe strength to use the receptor.

IBV can enter a host.eéll inrough endocytosis process (Chen and Itakura, 1996).
Virus particles are foundgin endocytotie vesicles in the infected cells (Chong and
Apostolov, 1982; Chen et al., 1096). Ihvaginations of cell membrane, resembling coated
pits, in association with the encirolemenzof;virus particles are observed (Chen and
ltakura, 1996). The infeeted cells are swol‘lj:en accompany with increasing in number of
free ribosomes and polyribosomesj_Mitochc:)jégdri-a are swollen with increasing number of
cisternae. The Golgi complex) reugh en’db.plasmio reticulum (RER) and smooth
endoplasmic reticulum (SER) are. also dilate’(j'_:_(-leen and lItakura, 1996; Chousalkar and

Roberts, 2007b). The Eggication progressed changes are manifest by large numbers of

virus particles present-mostly in the dilated cisternae of RER and in the cytoplasmic
vesicles (Chen and Itakura, 1996; Chousalkar and Roberts, 2007a). In the late change,
the infected cells are markedly swollenpdegenerated orrdetached. The mitochondria are
swollen with disrupted cristae. The Golgi complex, RER and SER are dilated with varying
sizes of-cytoplasmie.vesicles containing virus particles.-Atsthe-free.surface of cells, the
cytoplasmic vesicles are' fused ‘with the ‘cell membrane~and the releasing of virus

particles by exocytosis is observed (Chen and Itakura, 1996).

Pathogenesis and tissues tropism
Respiratory tract
The upper respiratory tract is the primary site of IBV infection. The replication of

IBV is restricted to the ciliated epithelial cells and the mucus producing cells (Nakamura
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et al., 1991). However, the strains of IBV differed in their efficiency to infect the tracheal
epithelial cells (Abd El Rahman et al., 2009). The infection causes inhibition of ciliary
activity (Benyeda et al., 2009) and deciliation of epithelial cells (Chousalkar, et al., 2007).
The highest virus titers in the trachea are observed within 5-10 days post-infection
(Otsuki et al., 1990).

The tracheal gross lesions are congested and it has excess mucus in the lumen
(Parsons et al., 1992). In the air sacs, fine to marked thickening of the wall is recorded
(Benyeda et al., 2009). It is assumed that/IBV is detected in the air sac lining even
though the membranes are visibly normal{HofStad and Yoder, 1966). The respiratory
tissues appear normal after7-days postsinfection(Dhinakar Raj and Jones, 1996b). The
main histopathological lesions .ebserved including loss of cilia, degenerative and
hyperplastic changes in the'epithelial cells, depletion of goblet cells and alveolar mucus
glands and infiltration of dhflammatery cells including. heterophils, plasma cells and
lymphocytes into the mucosa of the_tracheg (Nakamuraetal., 1991).

In the tracheas, the /lesions b;sed on histopathological changes can be
divided into three stages; acute (dégeneréﬁ§(§j, hyperplastic and recovery stage. The
most prominent finding in acute stage is dé'g;gberation and desquamation of ciliated

epithelial cells and mucus producing-cells (N“ékajnura et al., 1991; Benyeda et al., 2009).

The degeneration and: desquamation also_occur in Goblet.cells and mucus-secreting

cells. The edema, mild-infiltration of heterophils, lymphocytes and vascular congestions
in the lamina propria and underlying connective tissue (bétween cartilaginous rings) are
observed (Nakammuara @t aby, 19911 dn the hyperplastiestage, mononuclear cells
infiltration, lymphocytic infiltration and newly formed of epithelial cells are observed
(Nakamuras et al., 4991; Benyedaset al.; 2009), Sometimes hypetplasia of fibroblast-
shaped epithelial cells (perhaps ‘of basal cell origin) is ‘found. ‘In“this~stage, there are
neither goblet cells nor alveolar mucus glands (Nakamura et al., 1991). The reparative
processes and complete recovery of epithelial cells are the characteristic change found
in recovery stage (Benyeda et al., 2009). There is slight infiltration of lymphocytes and
plasma cells and a few lymphoid follicles in the lamina propria of the tracheas

(Nakamura et al., 1991).
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Kidney

Besides the respiratory tract, some strains of IBV can replicate and cause kidney
damage. These strains are known as nephropathogenic IBV (NIBV). Up to date, NIBV
has been reported world wide (Animas et al., 1994; Ziegler et al., 2002; Liu and Kong,
2004; Pohuang et al., 2009). It has been reported that NIBV can infect the epithelial cells
of many parts of the kidney including proximal convoluted tubules, collecting tubules
(Owen et al., 1991; Chen and Itakura, 1996), collecting ducts, distal convoluted tubules
and Henle's loop (Chen and lItakura, 1996)..The viral particles are observed in the
kidney from 4-13 days post-infection. The /maximum levels of the number of infected
cells are observed at 6-8 days-posi-infection (Chen-and Itakura, 1996).

Histopathological  changes in | the Kidney of IBV-infected chickens are
characterized by varying @degeess of ducto-tubular interstitial nephritis (Chen et al.,
1996). The progression of the kidney lesions can be divided into three phases: acute,
subacute and chronic/phase. In acute ph'.ésg of infection, the dilatation of tubules and
ducts are found (Chandra 1987; Tsukamo?@_ et al,, 1997). Some degenerated epithelial
cells have swollen nucleirand va-lcd-olated'i.:é;/t(;plasm (Tsukamoto et al., 1997). A few

v ol
heterophils and lymphocytesinfilitate.into the interstitium of tubules and ducts (Chandra

1987; Tsukamoto et al., 1997_)___ln subacut_é_._'gbase, the degenerated and necrotic

epithelial cells appeariin-all segments of the nephrons (T_s'u_kamoto et al., 1997). There

are numerous of hetefophils and lymphocytes infiltrate into the interstitium, while a few
macrophages are found (Chandra 1987; Tsukamoto et*al., 1997). Mitotic figures are
occasionally present inshyperplastic, epithelial eells (Tsukamoto-et al., 1997). In chronic
phase, numerous of‘the“epithelial ‘cells display regenerative processes. Diffused and
scattered lymphocytic infiltration and fibrosis are ‘cémmonly, cbserved (Chandra 1987;

Tsukamoto ketial.,!1997).

Reproductive tract
Lesions in the ovary of infected chickens develop rarely (Benyeda et al., 2009)
or appear to be functioning normally (Chousalkar and Roberts, 2007b). IBV may be

present at detectable levels in ovary until 28 days post-infection, but in low virus titers.
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The most prominent alterations are calcium deposition in the primer oocytes
accompanied with mononuclear cell infiltrations (Benyeda et al., 2009).

Crinion and Hofstad (1972) reported that there were the differences in virulence
of IBV strains for immature chicken oviduct. Massachusetts strain produced the greatest
number of the oviduct changes, followed by T strain, while Connecticut and lowa 609
were not. Gross lesions of cystic or dilatation of the oviduct filled with a serous fluid may
be seen in infected chickens (Crinion and Hofstad, 1972; Benyeda et al., 2009).
Benyeda et al. (2009) reported that the characteristic dilatation of the oviduct developed
in the chickens infected with.the QX-like sirains, while no change was observed in the
chickens infected with Méd4=or 793/B ‘strain. Seme~of infected hens might have an
atrophied oviduct.

IBV has the poteatial .40 sdinfect all part of the oviduct. In the upper part of
reproductive tract (infundipulum @nd' magnum), the patchy losses of cilia are found in
the infundibulum. There are the losses of'_.,::ilia from ampulla, middle and chalaziferous
regions. The presence of plasma cells anél‘.lym_phoid nodules in the lamina propia and
muscularis region are reported. Themlosses-ijé:fdc.ilia from the surface epithelial cells also
occur in the magnum. The lymphoid noduleésf'érz'e observed in the interglandular space
and muscularis area of the magnum (ChouSa_lkaj.and Roberts, 2007b). In the eggshell-
forming regions (isthmus, tubular_shell_gland and shell ‘gland pouch), there are the
losses of cilia from the.surface epithelium and glandular epithelium. The lymphocyte
infiltrations are found in the interglandular space and muscularis area of the isthmus.

The glands in the tabular shell gland andrshell gland pouchrarezdilated (Chousalkar and

Roberts, 2007a);

Digestive'tract

It has been reported that digestive tract are the replication site of IBV. Several
strains of IBV have been isolated from digestive tract including esophagus (Lucio and
Fabricant, 1990), proventriculus (Lucio and Fabricant, 1990; Yu et al., 2001), duodenum,
jejunum (Lucio and Fabricant, 1990), ileum (Benyeda et al., 2009) and rectum
(Ganapathy et al., 2005). IBV has also been isolated from enteric contents and cloacal

swabs (Chong and Apostolov, 1982; Lucio and Fabricant, 1990; Villarreal et al., 2007).
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The study of tissues distribution of three IBV isolates (ECV-1, ECV-2 and ECV-3)
recovered from cloacal swabs of chickens found that all of the isolates had a broad
tissues distribution included respiratory, digestive and urinary tract. Although the tissue
tropism and the persistence of infection found to be differed among the isolates, all of
them could be isolated from esophagus, proventriculus, duodenum and cecal tonsil.
Moreover, the isolations of these IBV were highest from cecal tonsil, followed by kidney,
trachea, duodenum, esophagus and proventriculus (Lucio and Fabricant, 1990). Yu et al.
(2001) demonstrated that three IBV isolates (Q1, J2 and T3) were isolated from
proventricular tissues of 25 to. 70-day-old chickens.in China between 1996 and 1998. At
necropsy, the proventriculus~was enlarged andwits mucosa was thickened. Light
hemorrhagic lesions were predominantly observed. At the later stage of the disease,
ulcer of proventricular papillaryshemorrhagic lesions of papillary groove and cecal tonsil,

and thining of duodenum weresalso found..

v
Other tissues
It has been reported that an outbr;efak' of @ new IBV strain in broiler breeder

flocks in Great Britain in 1992 assoclated with j}}yopathy. Common finding had been a
bilateral myopathy of both deep. and superfiTc;iéj_pectoral muscles. The marked pallor
and swelling of the deep pectoral muscle together with' the presence of gelatinous
oedema over its sufface had been observed. The -histological examination had
confirmed the presence of acute myodegenerative lesions. At the time, IBV could be
isolated from ther chickens ,andsthesstrain, characterization .demonstrated the significant
antigenic differences from M41 and Dutch*variant=strains (Gough et al., 1992). The
experimental.infection of the 793/B-like IBV in chickens, showed that the mild pallor of
the pectoral muscle was noticed on-day"3 ‘post-inoculation=No'viius was isolated from
the muscle and the histopathological examination of the muscle revealed not significant
lesions, except a patchy oedematous separation of muscle fibres. Moreover, there was
no significant increase in serum creatine kinase concentration. These revealed that the

virus was not involved directly to pathological change of muscle (Dhinakar Raj and

Jones, 1996Db).
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Hofstad and Yoder (1966) showed that the different types of IBV (isolate 33 and
766 (Massachusetts), isolate A5968 (Connecticut), isolate 1199, isolate 609 and isolate
97) were detected in the non-respiratory tissues, pancreas, spleen, liver and bursa of
Frabicius but the concentration of virus was lesser than that of respiratory tissues. The
persistence of IBV in non-respiratory tissues was also observed by Lee et al. (2002).
They found that the eight strains of IBV (Arkansas DPI, Connecticut, CV56b, CWL0470,
Gray, JMK, M41 and Wolgemuth) were detected in the trachea, lung, intestine and
bursa of Frabicius but no virus was detected in the spleen. Kapczynski et al. (2002)
demonstrated that IBV antigens were detecied atl.the epithelium of bursa of Frabicius
but the antigens were not-detected within the follicles of bursa of Frabicius. Although 1BV
has been isolated from othernonsrespiratory tissues it has not been documented to be
involved with any functionalfdamage. \

Several strains of |BV have béen isolated from cecal tonsil (Lucio and Fabricant,
1990; Wang and Khan; 2000, Yu et al., 20(?1)0_-In cecal tonsil, IBV is detected primarily in
the cells which morpholegically resembled 'flhjstiqcytes but can also be seen occasionally
in lymphocytic cells (Owen etal., 1}9791). Beijh}d/?.da et al. (2009) reported that IBV strains
vary in the virus titers and the pérsistence oFfir‘iﬁéction in the cecum. They showed that

QX-like strains were considerably-higher inr.-’t_hg.virus titers and longer in duration of

infection than M41 and 793/B strain.

Factors associated with"virulence

It is cleanly thatsstrains ef-BV have wide and variable ipstissue tropisms and the
clinical manifestations of'the'diseases can be diverse: Albassam et al. (1986) inoculated
2-day-ald, white_leghorn chickens with one, of 4 ‘different strains. of IBV (Gray, Holte,
Australian T ‘and ltalian' 731).“When ¢omparison of the virulence, the severe kidney
lesions were observed in chickens infected with Australian T strains, whereas moderate
to mild lesions were observed in chickens infected with lItalian 731, Gray and Holte
strains, respectively. Chandra (1987) inoculated 2-week-old, white leghorn chickens with
one of 4 different strains of IBV (Gray, Holte, Australian T and M41). Inoculated chickens
showed clinical signs associated with 1BV infection within 2-7 day post-inoculation. The

clinical sign was 30, 45, 55 and 100% in the chickens infected with Australian T, Holte,
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Gray and M41, respectively. The kidney lesion was 5, 20, 35 and 85% in the chickens
infected with M41, Gray, Holte and Australian T, respectively.

Although chickens of all ages are susceptible to infection with IBV, the clinical
signs of infected chickens are more severe in young chickens. Animas et al. (1994)
inoculated chickens at different ages (2, 4 and 6-week-old) with IBV Kagoshima-34
strain. At 3-6 days post-inoculation, chickens inoculated at 2-week-old had clinical signs
more than the others. Ignjatovic et al. (2003) demonstrated that chickens inoculated with
N1/62 strain at 2-week-old had mortality rate more than chickens inoculated at 4-week-
old. Pohuang et al. (2009) showed that mosality rate and the average gross and
histopathological lesion seeres in the tracheas and-the kidneys of chickens inoculated
with Thai IBV isolate (THAOQ4)al.2-day-old were higher than chickens inoculated at 14-
day-old. |

The genetic lineagé of ¢hicken is also reported as a factor influencing IBV
pathogenesis. Ignjatovic etéal. (2003) shomjed_-that three lines of white leghorn chickens
which were S (inbred);y HWL (non—inbrec?‘). an_d W' (inbred) differed greatly in their
susceptibility to IBV infections The S and HJW_'L chicken lines had morbidity rate more
than W breed after infection with N4/62 strain}\f‘lriﬂs titer is one of a factor influencing the
clinical showing of IBV infected-chickens. The_-_Z:yveek—old, W breed chickens inoculated
with 2x10° CD,, of N#/82 strain do not showed any-of elinicalsigns, but the clinical signs
was 70% observed in-the chickens inoculated with 2x 19" CD,,. Similar to the results

observed in 4-week-old; S breed chickens, the 45 and 75% mortality rate were observed

when inoculatedith 2x10 CDgand 2x10" CDg arespectively (lgnjatovic et al., 2003).

Detection of IBV antigens

Detection by 'virus lisolation

There are a number of biological systems used for isolation of IBV including
embryonated chicken eggs, chicken organ cultures and cell cultures. Virus isolation in 9
to 11-day-old embryonated chicken eggs is the most common used method but it can
be laborious and time consuming (Owen et al., 1991; Abdel-Moneim et al., 2009). In
general, the initial inoculation of field virus isolates using embryonated chickens eggs

has no effect on the embryo unless the virus is already egg-adapted. Therefore, the
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several sequential passages are recommended (OIE, 2004). Typically, the visible
changes in the embryos induced by IBV are stunting, curling, clubbing down feathers
and the presence of urate in the kidney (Ziegler et al., 2002; OIE, 2004). The IBV titers in
inoculated eggs increase rapidly at 24 hour post-inoculation. The allantoic fluids show
high virus titers at 24-87 hour post-inoculation (Abdel-Moneim et al., 2009).

The chicken organ cultures including tracheal organ culture (TOC) and oviduct
organ culture (OOC) can be used for the isolation of IBV. TOC prepared from 20-day-old
embryos have proved very successiul for the isolation of IBV directly from field materials.
The isolation of IBV using TOC has the advantages that no adaptation of the virus is
required (Cook et al., 1976)=Awvisible change inTOG is ciliostasis of ciliated epithelial
cells occurred within 1-2 days*after inoculation but it can also be induced by many other
agents (OIE, 2004). The Q@C has'been used for studying the pathogenicity (Pradhan et
al., 1984) and the viruleneée (Dhinaka Raj and Jones, 1996a) of IBV. Assessment of
ciliary activity of OOC"is used as-the cri_,téri@ for the interaction of IBV to the oviduct
ciliated epithelium (Dhinaka Rajand Jones,"j:‘l QQQa; Dhinaka Raj and Jones, 1997).

Compared with some othe_rl_ corori;'_'a}:fjdrrljses, IBV is less readily grown in cell
cultures (Chen et al., 2007). The primary isol"aﬁé;ﬁ of IBV directly from infected materials

using cell cultures are not success (Cook et3§115-,',j976). Before isolation in cell cultures, it

is necessary to adaptil@/ isolates by growing in_chicken 8mbryos in order to induction

of its cytopathic effect {CPE) (OIE, 2004). The most susceptible cells are chicken kidney
(CK) cells or chicken er’ﬁ'bryo kidney (CEK) cells because several strains can be isolated
by using these céllicultures:

Otsuki et al. (1979) demonstrated that 10 1BV, Beaudette-42, M41, Connecticut
A-5968:-Connaughts Holtes-lowa-609, KH, Nerima;-Ishidasand=Shiga strains replicated
well in CK"cells." Virus Yield increased logarithmically within 24 *hours. The maximum
yield was detected at 36 hours for all strains. Only a few strains have been shown to
replicate in mammalian cell lines. Beaudette-42 and Holte strains can replicate in BHK-
21 (Otsuki et al., 1979). The M41 has ability to grow in chicken embryo rough cell line
but CPE is observed after the fifth passage (Ferreira et al., 2003). The IBV strains M41,
H52, H120 and Gray can replicate in HelLa cell line but the most efficient replication is

observed in the fresh dispersed cells (Chen et al., 2007).
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Detection by immunoassay

There are several techniques used for IBV antigen detection and all of the
techniques use IBV-specific antibodies. These antibodies are polyclonal and
monoclonal antibody. The polyclonal antibody produced from the animals, especially
chickens, is relatively simple (Clarke et al., 1972; Chong and Apostolov, 1982;
Bhattacharjee et al., 1994; Pensaert and Lambrechts, 1994) and sensitive for IBV
detection (Yagyu and Ohta, 1990). The disadvantages of using polyclonal antibody are
the occurrence of non-specific reaction and,the different results occurred by using
different lots of polyclonal antibody in other daberateries (Yagyu and Ohta, 1990). The
monoclonal antibody is-a-useful material -for-detection of IBV antigen. Since a
monoclonal antibody only reaCts” with one epitope, it provides a well-defined and
specific product (De Wit etaal., 1995). Another advantage of monoclonal antibody is that
the hybridoma cell line produces ‘a large' constant volume of monoclonal antibody,
therefore the detection” of /IBV among iﬁﬁegted flocks are performed with constant
monoclonal antibody insall laboratory assa‘:ys (Yagyu and Ohta, 1990). The problem of

using monoclonal antibody'is that when they rmssmg or antigenic changes occurred in an

epitope, it can prevent binding: of the monQQ,IQJ}aI antibody to this epitope (Ignjatovic

and Ashton, 1996). ey, R

Immunofluoresp@t assay (IFA) is__va useful tec_h'n_ique for detection of IBV

antigens. It can be used for detection of IBV antigens in_incculated embryos (Clarke et
al., 1972), infected tissues (Chong and Apostolov, 1982;*Yagyu and Ohta, 1990; Owen
et al., 1991; Pensagrt;and Lambrechts, 4994+.De Witset al., 1995), TOC (Bhattacharjee et
al., 1994) and cell culture (Otsuki'et=al.) 1979; Ferreira et al.; 2003; Winter et al., 2006).
IFA is an easy,and rapid techinigue, but requires specialized equipment and histological
characterization oftlesion lis' difficult(Owen et al., 1991). Fhe cells'reeovered from the
IBV inoculated eggs can be used for detection of IBV by IFA. The technique is found to
be faster and more sensitive than virus isolation in embryonated eggs. The time required
for detection is within 48 hour post-inoculation (Clarke et al., 1972). It has been reported
that a simple method for rapid identification of IBV by IFA is the staining in TOC. In vitro,

IBV can be detected as soon as 6 hours after inoculation with the high virus titers (3.5-
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4.5 log,, CD,,). For the inoculation with the low virus titers (0.5-2.5 log,, CD,,), specific
staining is detected before ciliostasis appeared (Bhattacharjee et al., 1994).
Immunohistochemistry (IH), like IFA, is a staining technique. It can be used for
detection of IBV antigens in infected tissues (Nakamura et al., 1991; Owen et al., 1991;
Chen et al., 1996; Kapczynski et al., 2002; Ziegler et al., 2002). IH does not require
specialized equipment, such as fluorescent microscope, for visualize the antigens.
Additionally, the slides obtained from IH are permanent and can be counterstained in
order to improve morphological diagnasis of antigen location. The problems occurred
when using IH include high background staining due to the using of polyclonal antibody,
non-specific background- staining by the enzymes-naturally present in the sample and
the section loss from the glass slides due to the many steps required for IH procedure

(Owen et al., 1991). \

.

_—

Detection of IBV genome L 4
)

The detection of IBV genome usmg molecular assays are commonly used
because they provide highly SpeCIfIC and sen,.smve results in a timely manner (Callison et

l., 2006). The reverse transorlptase—polymer,aslejchaln reaction (RT-PCR) can be used
to detect IBV genome directly from elinical seEé[e_s_ (Kwon et al., 1993; Ganapathy et al.,
2005; Worthington et-al., 2008) or from virus isolated in-a‘laboratory host system (Keeler
et al.,, 1998; Kingham_ et al., 2000; Lee et al., 2000; Yu et al., 2001). The problem
occurred in the test is the false negative due to the high"genomic variability among IBV
strains. It is diffieult;to design theyprimer sets.that;can be used-to detect all IBV strains.
Mondal et al. (2001) reported that'the attempts to ‘amplify'the’S1"gene of DEQ72 isolates
are unsuccessful by using.a set of primers that.amplify all standard 1BV serotypes. As a
report oft Worthingtén et al. (2008),the ‘genotype D1466 lis' not detected by using the
universal primers. Therefore, the selection of appropriate primers is an important
procedure to increase the specificity and sensitivity of the assay (Lee et al., 2000).

Several RT-PCR assays have been established for detection of IBV. The two-
step RT-PCR is used by many researchers. It consists of two-step, RT reaction and PCR

amplification. The RT reaction is a step to synthesize the cDNA by using reverse

transcriptase enzyme. After that, the PCR amplification is performed by the step of
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denaturation, annealing and polymerization (Kwon et al., 1993; Wang et al., 1996; Yu et
al., 2001). The one-step RT-PCR, a more rapid and easy assay than two-step RT-PCR, is
used for detection of IBV. The RT reaction and PCR amplification of the assay are
performed in the same tube. This can reduce the contamination resulting to false
positive at the time of performing the test (Lee et al., 2000; Lee et al., 2001; Lee et al.,
2003).

The nested RT-PCR has been developed for detection of IBV (Falcone et al.,
1997). In general, the nested RT-PCR is a more sensitive than conventional RT-PCR
(Kho et al., 2000). It appears that nested' RT-PCR has the ability to detect IBV from
infected samples at similarrate-as embryonated-ehicken eggs, and is better than TOC
(Ganapathy et al., 2005). Fhis.allows a marked reduction in the handling of the
specimens and reduces the time required for the diagnosis by eliminating the complex
adaptation of field isolates o the growth inlaboratory host systems (Falcone et al., 1997).
Due to their extreme sensiiivity, the risk on laboratory contamination may be occurred,;
therefore optimal the test conditions are evi:en more critical for performing the nested RT-
PCR than conventional RT-PCR (De_l\_/vit, 20’(})?)‘_); A nested RT-PCR is performed by using
the 2 pairs of the highly conserved primers. Thé{procedure is carried out in the double-
PCR amplifications (Falcone et al.,;- 1997; 3|g(fhb;ei al., 2000). The nested RT-PCR is

regularly used for delection of 1BV directly from infected 'samples. Ganapathy et al.

(2005) demonstrated that direct swabs from homogenized tissues can be used for 1BV
detection by nested RT*PCR. Villarreal et al. (2007) showéd that the nested RT-PCR can
be used for detectiom of=IBYndirectlyy fromy poeled=enteric contents and pooled
respiratory tissues and Kidneys.

Regentlys, Callisan.et al. (2006), developed-a seal-time-RT-PCR ,assay for early
and rapid detection'of IBV. The'test'is extremely sensitive and specific,and can be used
for quantitative of the genomic RNA of IBV in the samples. The comparison of the ability
to detection of IBV in tracheal swabs showed that 79.04% of the swabs were positive by
real-time RT-PCR, whereas only 27.51% were positive by virus isolation. Although a real-
time RT-PCR assay is an extremely sensitive and specific technique, it requires

specialized equipment to perform the test.
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Strain classification

Protectotype

The major goal of identification of IBV strains is to establish the relationship
between IBV and specific vaccine strains because vaccination is the controlling
methods of IBV infection (Cook et al., 1999). Therefore the protectotype concept has
been described. This classification system is a functional test which regards the
biological function of the virus (De Wit, 2000). It is performed by measuring the degrees
of cross-protection in chickens against @ heterologous strain. Ladman et al. (2006)
described the protective relatedness values/(PRV) for the evaluation of cross-challenge.
They found that the resulis of cross-challenge with. homologous strains show the
protection ranging from 82-100%. Although protectotype is considered the most
accurate test, it is impractical to.test avery field isolates in cross-challenge test.

i

_—

Serotype ’ ' 4
Serotype is a classical functional tf}pir?\g system which is based on the reaction
between an IBV strain and 1BV sérétype—siﬁf’e:cffic antibody raised in chickens (De Wit,
2000). Virus neutralization (\N) tesf_ié a traadii%:i';jnﬁl method used for IBV serotyping (Lee

et al., 2003). A test is divided.in fo iwo different method, a- and B-method. The a-

el

method is performed with constant serum and variable virus (Yachida et al., 1978; Wang

and Khan, 2000) whe?eas the B-method is performed W|th constant virus and diluted

serum (Cook et al., 1996; Case et al.,, 1997). The highest reaction that completely
neutralizes the virus or prevents changing ofllaboratory host systems is used as an end
point of VN titer (Mandal.et al., 2001).

Sometimes an attempt to characterize thedBV isolates is notfsuccessful by the
o-method but theyycan be characterized by B-methad, therefore'the beta method is
preferred over the a-method because of the more sensitivity and precision obtained (De
Wit, 2000). VN test can be performed in several laboratory host systems such as
embryonated chicken eggs (Cubillos et al., 1991; Case et al., 1997; Wang and Huang,
2000; Mondal et al., 2001; Lee et al., 2003), TOC (Ignjatovic and Ashton, 1996; Fabio et
al., 2000) and CKC (Lucio and Fabricant, 1990).
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Genotype

Genotype is a grouping method based on genetic characterization of the
genome. Several methods can be used for genotyping of IBV including genotypic-
specific RT-PCR (Keeler et al., 1998; Wang and Khan, 2000; Kingham et al., 2000),
restriction fragment length polymorphism (RFLP) (Kwon et al., 1993; Wang et al., 1996;
Lee et al., 2000; Mondal et al.,, 2001; Jang et al., 2007), and genomic seqguencing
(Cavanagh et al., 1992; Kant et al., 1992). The methods provide a good information
about the evolution of IBV and essential information for epidemiological studies.

The serotype-specific RT-PCR had becn'described by Keeler et al. (1998). The
method could differentiate«the-IBV serotype-Massachusetts, Connecticut, Arkansas,
JMK, Delaware (DE/072/92) and @Galifornia (CA/633/85). Multiplex RT-PCR is also used
for detection and differentiationdgtween Massachusetts and Arkansas serotypes. If the
samples contain both Massachusetts ‘and Arkansas, two serotype-specific PCR
products will be amplifiled, 4026 bp for Mé:ssgchusetts and 869 bp for Arkansas (Wang
and Khan, 2000). Although, @n identificatién of 1BV serotypes by serotype-specific RT-
PCR offers a rapid diagnastic met-.hoi-d the spj@cmo primers are needed to add in the test
in order to identify the new serotypegoccurre‘g{iﬁihe present time (Kingham et al., 2000).

Kwon et al. (1993) hag__gemonstrate{?:{fj@_identification of IBV by using RFLP.

The method could igentify 1BV including variant strains and the results agreed with the

VN test. The sequences of complete S1 gene were amplified, purified and digested with
endonuclease enzymes; Haelll, Xcml and Bstyl. IBV isolatés in the same group or came
from the same original strains sheuld have the same, RELP patterns. At the time, the IBV
Holte, Arkansas DPI,"SE17, Md27 and lowa"97 "strain”could be ‘differentiated from each
other by using.Haelll enzyme. The Beaudette, ‘Massachusetts 47, Connecticut and
Florida 80 'strain’ could® be ! diiferentiated from leach fother byl using=Xcml and Bstyl
enzyme. Later, these methods had been used for identification of IBV strains world wide
(Wang et al., 1996; Lee et al., 2000; Mondal et al., 2001; Jang et al., 2007). In spite of
the advantage, RFLP have a limitation. A mutation at an endonuclease recognition site
may prevent an enzyme activity and the mutation within the restriction regions may not

be shown by the method (Kingham et al., 2000). Furthermore, the RFLP restriction
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patterns of some IBV serotypes may be the same and difficult to distinguish each other
(Keeler et al., 1998)

Due to the most antigenic of the virus neutralization antibody-inducing epitopes
located in the S1 part of S gene (Cavanagh et al., 1992; Kant et al., 1992; Jang et al.,
2007), this part is commonly used for sequencing. The using of S1 gene identity values
as a typing of IBV is a more readily achievable alternative to perform than other
laboratory typing (Ladman et al., 2006). The S1 gene identity is performed by
comparison of the obtained sequences with the known sequences deposited in
GenBank Database. Both the complete and«pastial part of S1 genes are used to
sequence analysis. Genotyping based on the HVR0of S1 gene is reported to correlate
with the using of complete Sd«@ene (Wang and Huang, 2000), VN test (Lee et al., 2003)
and cross-challenge studyf(Ladman et al., 2006). However, the genotyping based on
HVR may not always correldte with VN test because there may be other regions that play

a role in determining the test. Furthermore; there is always a chance that new virus can
) 4

not be the primers usedfor genotyping by H.\/R (Lee et al., 2003).

£y
X/

Prevention and control et 2l

To prevent economic_losses. associated with IBV infection, IB vaccines are

routinely administered; It has been reported that Complet_e'protection is provided when

vaccine and infectiods  virus were homologous strain of Serotype. A low level or no
protection is observed“when heterologous vaccines are“administered. Al-Tarcha and
Sadoon (1991).immunized 3-day-old chickens by intra-tracheal.er oculo-nasal route with
vaccine H120 strain, “after that they 'were challenged-with‘one of*8 heterologous IBV at 4
weeks post-vaccination, The evaluation performed by observation of the ciliary activity of
individual chickens/showed'that protection”was found' in the chickens=challenged with
homologous serotype (M41). Pensaert and Lambrechts (1994) reported that vaccination
with homologous vaccine induced protection of mortality and virus infection superior to
that induced by heterologous vaccines. Liu et al. (2009) immunized 15-day-old chickens
by inoculated intra-nasally with different 1BV strains. At 20 day post-vaccination, the

chickens were challenged with CK/CH/LDL/97! strain. A complete protection (assessed
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by morbidity, mortality and virus recovery from tracheas and kidneys of individual
chickens) was only observed following vaccination with homologous strain.

Although vaccination with one heterologous strain does not protect chickens
from IBV infection, sometimes, broad spectrum protection can be achieved using a
combined vaccination program incorporating with different live attenuated vaccine
strains. Cook et al. (2001) reported that vaccination using a combination of Ma5 and

4/91 vaccine strains could provide a good protection of the kidney against heterologous

9
U
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CHAPTER IlI

MATERIALS AND METHODS

Part1: Development of nested RT-PCR for the detection of infectious bronchitis virus

Viruses

Six strains of IBV were used to galibbrate the test. Three IBV vaccine strains, Ma5
(Intervet international, Holland), H120 (Intervet.international, Holland) and 4/91 (Intervet
international, Holland) wererebtained froEn Intefvet-Thailand. Two IBV strains Arkansas
and Connecticut were obtained from Saha Farm, Thailand. A Field isolate (THAO0O1) was
preserved at -70 Cin Department of Veterinary Medicine, Faculty of Veterinary Science,

Chulalongkorn University.

RNA extraction ' s

Viral RNA was extracted-from 20dj'pl of the samples containing different IBV
stains described above by usingsa Viral ';biiuoleic Acid Extraction Kit (Real Biotech,
Taiwan) following the manufacturer's instructi(éniéj_‘.ﬂ RNA was dissolved in 50 pl of RNase

free water and processed tonésted RT-PCR reaction:

Design of primers

The primers were designed by identifying conserved regions of the S1 gene
sequences available in'GenBank database. All'ofithe. selected 'S1 gene sequences were
aligned by usingl Clustal W multiple alignment method deposited in BioEdit program
version” 7.035 2/ (Hally 1999)) After-that StHelgrimer sets felated tottherhighly conserved
region of| the S1 genes of IBV were selected. Primer sequences were analyzed for
secondary structure formation, G + C content, primer dimer formation, hairpin formation,
and their compatibility in the nested RT-PCR using the OLIGO primer analysis software
(Institute of Biotechnology, Unversity of Helsinki, Finland). The selected primers showed
no major unspecific homologies in a BLAST search via the National Center of

Biotechnology Information (USA).
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Amplification reaction

The first amplification reaction was carried out with one-step RT-PCR
(AccessQuickTM RT-PCR System, Promega, USA) in a final volume of 25 pl. The reaction
mixture was composed of 12.5 pl of 2x AccessQuick" Master Mix, 0.5 pl of AMV
reverse transcriptase, 8 ul of RNase free water, 0.5 ul (25 uM) of each outer primer and
3 ul of RNA template. The one-step RT-PCR was conducted by 45 min of RT reaction at
48 C, heating at 94 'C for 5 min and 35 cycles of denaturation at 94 'C for 30 sec,
annealing at 54 'C for 30 sec and polymerization at 72 'C for 45 sec with a final
elongation step of 10 min at 72 e,

The second amplification-reaction' (nested-PCR) was carried out in a final volume
of 25 pl. The reaction mixture.was.compased of 12.5 pl of 2x AccessQuick" Master Mix,
10.5 pl of RNase free watef, 06 (il (25 pM) of each inner primer and 1 pl of a 1:10-
diluted products of the firstramplification. The PCR was conducted by heating at 94 C
for 5 min and 35 cycles of denaturation at §4 C for 30 sec, annealing at 54 'C for 30 sec,
and polymerization at 72 'C f6r 30 secwith ia_ final elongation step of 10 min at 72 C. The
amplified PCR products were anafyzéd in 1%% ;garose gel.

vy

Sensitivity determination s fodeis.

A serial 10-fold dilution of the stockrlBV isolate THAOO01 was performed. Then,
100 pl was subjectec; to RNA extraction and the remainder was inoculated into five
embryonated chicken=eggs (100 ul per egg). The extracted RNA was tested by the
nested PCR and.non-nested RT-PCR (using.-both outer and.inner primers). The protocol
for non-nested'RT-PCR-was"performed by using one-step '‘RT-PCR (AccessQuickTM RT-
PCR System, Promega, USA) as described by the fanufacturer. Thé-thermal profile was
similar ta the'first amplification’ reaction=of the anesstep! RI-PCRIIThe.inoculated eggs

were opened and observed for stunted embryos on day 5 post-inoculation. The positive

results were recorded when one or more than one egg had embryonic change.

Specificity determination
The specificity was evaluated with three other avian infectious viruses. Avian

influenza virus (A/chicken/Nakorn-Pathom/Thailand/CU-K2/2004 (H5N1)) was obtained
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from Virology unit, Department of pathology, Faculty of Veterinary Science
Chulalongkorn University. Newcastle disease virus (NDV-CU-1) and Infectious bursal

disease virus (IBDV-CU-1) were provided by Prof. Dr. Jiroj Sasipreeyajan.

Part 2: Detection and molecular characterization of infectious bronchitis virus isolated
from recent outbreaks in broiler flocks in Thailand

This part was divided into 2 phases including:

1) The first phase: the charaetérization by using partial S1 gene sequencing

2) The second phase: the charactesization by using complete S1 gene

sequencing J

First phase: The molecular characterizatioln by using partial S1 gene sequencing

.

Viruses =

In the initial working, between Jar-i',ua‘t;y and June, 2008, thirteen poultry farms
had an outbreak of a mi|d-to—moderate-:'ﬁespiratory disease. All flocks had been
vaccinated against IB with' commercial ﬂfve _attenuated H120. Chickens showed
respiratory symptoms including 'gaéping, COUQHJ{;’]Q sneezing, and tracheal rales. Sick
chickens were selected and sent to the Degéﬁﬁiént of Veterinary Medicine, Faculty of
Veterinary Science, @hufalongkorn University. Necrops'yr})vas performed and gross
lesions were evaluated. Gross lesions showed mild- to moderated tracheitis and non-
purulent airsacculitis. No gross lesions were found in the kidneys. The trachea and lung
samples wereliaken! as |poglsiof ehickens_ from the same| farm. The samples were

prepared as 10% w/v suspensions in phosphate-buffered saline (pH 7.4) and

centrifuged at 1,800vx g for 10 min. The supernatants were then cafiected for analysis.

RNA extraction

Viral RNA was extracted by using Viral Nucleic Acid Extraction Kit (Real Biotech,
Taiwan) following the manufacturer’s instructions directly from 200 pl of the supernatant
of 10% w/v sample suspension and from 200 ul of the allantoic fluid of embryonated

chicken eggs used for virus isolation.
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Virus screening with nested RT-PCR
Viral RNA, extracted directly from the supernatants of 10% w/v sample
suspensions, was screened for the presence of IBV by using a nested RT-PCR

described above.

Virus isolation and propagation

For virus isolation, the supernatants of IBV-positive samples determined by RT-
PCR were inoculated into 10-day-old embryonated chicken eggs. For each sample to be
examined, five embryonated chicken eggs wercsused. The eggs were inoculated with
0.2 ml of the sample into the allantoic cavity.-Fhe inoculated eggs were incubated at
37°C and candled daily=Allantoie fluids were harvested at 96 h postinoculation. A further
blind serial passage was performed; in a similar way. All of the allantoic fluids were

harvested and stored at—70°C. \

RT-PCR amplification for sequenciﬁg " J

The allantoic fluid from the 'second';-ba’s'sage of each sample positive for virus
screening was submitted to another’:RT—PCR{}’égﬁmplification of a segment of 878-bp of
the S1 gene coding region by Qsing an outi?jorimer set of nested RT-PCR described
above. The amplification react{éﬁ-WaS carried. ouE _V\;ith one-step RT-PCR (AccessQuickTM
RT-PCR System, Prérﬁéga, USA) in a final volume of 50 plr. The reaction mixture was
composed of 25 pl of 2§< AccessQuick™ Master Mix, 1 pl of AMV reverse transcriptase,
17 ul of RNase free water, 1=yl (25 uM) of each outer primer and 5 pl of RNA template.
The one-step RT-PCR was conducted by 45 min of RT reaction at 48 e} heating at 94 C
for 5 min and 35 cycles of denaturatigh at 94 'C for.30 sec, annealingsat 54 'C for 30 sec
and polymerization'at 72 'C for 45 se¢ with a'final elongation step of 10"'Min at 72 'C. The

amplified"RT-PCR product was analyzed in 1.2% agarose gel. Then it was stained with

ethidium bromide (0.5 ug/ml) and visualized by using an ultraviolet transilluminator.

RT-PCR product purification and sequencing
The RT-PCR products were cut from the gel and purified using the Wizard SV

Gel and PCR Clean-Up system (Promega, USA) according to the manufacturer's
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protocol. Purified RT-PCR products were sequenced in a forward direction using a
forward primer of an outer primer set of nested RT-PCR and in a reverse direction using
a reverse primer of an outer primer set of nested RT-PCR described above. The purified
RT-PCR products were sequenced by commercial service (First Base, Selangor,

Malaysia).

Sequences and phylogenetic analysis

To identify the Thai IBV isolates, sequences of the S1 gene of the Thai IBV
isolates were compared with published BV sequences deposited in the GenBank
database using a BLAST search via thel National Center of Biotechnology Information
(USA). Sequence identities by BLAST analysis were included in alignment and
phylogenetic construction. e multiple sequence alignments and determination of the
nucleotide and aminoacid identities were:performed using Biokdit version 7.0.5.2 (Hall,
1999). A phylogeneticatree ,0f the n_‘ucleotrg.ﬂel_sequences was constructed using MEGA
version 4 (Tamura et al.,.2007). The Si gerfe_ ;equences of the thirteen IBV isolates were
submitted to the GenBank databésé. The 0ther81 gene sequences from the GenBank
database were used for compar,i_sorn-_ic.)r phyl;ééb@tic analysis in this study including M41
(AY561711), Ma5 (AY561713), H120 (M21@j‘,_]BN (AAW83034), W93 (AY427818),

o el

Connecticut 46 (L18990), Florida 18288 (AF027512), JMK (L14070), Spain/99/319

(DQ064810), Spain/06/337 (DQ064813), J2 (AF2863035,* BJQ (DQ070839), QXIBV
(AF193423), LC2 (DQ480154), A2 (AY043312), SH (DQ480156), K069-01 (AY257061),
4/91 (AF093794), UK?2/91(Z83976), Ark DPI. (AF006624), Australian T (AY775779),
N1/62 (AlU29522);“Armidale © (DQ490205), 'GA/7994/99 ' (AF338717), GA/8077/99
(AF338718), DLD (EU589323), THA001 (DQ449628):

Second phase: The molecular characterization by using complete S1 gene sequencing

Viruses

Thirty-two Thai IBV isolates were used in this study. All of them were isolated
from commercial poultry farms in Thailand which had been experiencing of respiratory

disease between January 2008 and October 2009.
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Virus isolation and RNA extraction

Before the virus isolation, all of the samples were screened and had positive
results with nested-PCR for the presence of IBV described above. Briefly, the trachea
and lung samples were taken from pools of chickens from the same farm. The samples
were prepared as 10% w/v suspensions in phosphate-buffered saline (pH 7.4) and
centrifuged at 1,800 x g for 10 min. The supernatants were then collected for RNA
extraction using Viral Nucleic Acid Exfraction Kit (Real Biotech, Taiwan) following the
manufacturer’s instructions. The extracted RNA.was.subjected to nested-PCR using the
primer sets and reaction conditions deseribed-above. The supernatants of IBV-positive
samples were inoculated inte” 9<11-day-old embryonated chicken eggs. Each egg
received 200 pl of the supernatants The linoculated eggs were incubated at 37°C and
candled daily. After 96 h pest-inoculation; allantoic fluids were harvested. A further blind
serial passage was pefformed in a _similarf/vay. All of the allantoic fluids were harvested
and stored at -70°C. /Then, the allantoié_ fluids were used for RNA extraction as
described above. ™~ , r

vl ok

sty
—

Primers and RT-PCR amplificqtjgn e

The primer seis used in this study Wére newly designed to amplify the full length
of the S1 gene. The p;ocedure of primer design was performed as described above. At
the time, two primer seis were selected: a primer set forramplifying the region from 5’
terminus to _the,  middle® of .S1. _.gene. (GCCAGTIGITAATTTGAAAAC and
TAATAACCACTCTGAGETGT) and fanother for amplifying the region from the middle to
3’ terminus S1 gene (ACTGGCAATTTTTCAGATGG"and AACTGTTAGGTATGAGCACA).
These primer. sets'had'an averlapping region between each othen about 200 bp. The
amplification reaction was carried out with one-step RT-PCR (AccessQuickTM RT-PCR
System, Promega, USA) in a final volume of 50 ul. The reaction mixture was composed
of 25 ul of 2x AccessQuick " Master Mix, 1 pl of AMV reverse transcriptase, 17 ul of
RNase free water, 1 ul (25 uM) of each outer primer and 5 pl of RNA template. RT was
performed at 48°C for 45 min and heating at 94°C for 5 min. PCR was then performed by

35 cycles of denaturation at 94°C for 60 sec, annealing at 54°C for 30 sec, extension at
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72°C for 60 sec and final extension at 72°C for 10 min. The PCR product was analyzed
by electrophoresis on 1.2% agarose gel, followed by staining with ethidium bromide (0.5

pg/ml) and then was visualized by using an ultraviolet transilluminator.

Product purification and sequencing

The RT-PCR products were cut from the gel and purified using the Wizard SV
Gel and PCR Clean-Up system (Promega, Madison, WI, USA) as the protocols
suggested by the manufacturer. The purified RT-PCR products were sequenced in both
of the forward and the reverse direction by .commercial service (First Base, Selangor,
Malaysia) J
Sequence and phylogenetic.analysis \

The nucleotide'sequences of the é1 gene from the 'ATG start site to the cleavage
recognition site of thirtystwosThai IBV isola_"fes_were assembled, aligned and compared
with published IBV sequencgs depésited |"n fhe GenBank database. The first time they
were compared with published 1BV sequér"i;cé-s deposited in the GenBank database
using a BLAST search via the Natiéjﬁal Ceﬁ{é; D.xfa Biotechnology Information. Sequence
identities by BLAST analysis_ .vyere inclu_o_[?_d;_in the alignment and phylogenetic
construction. The mqltiple seque%ce alignmeht-s;nd determination of the nucleotide and
amino acid identitiesj\v/yere performed using BioEdit vérsion 7.0.5.2 (Hall, 1999). A
phylogenetic tree of the nucleotide sequences was constructed with the neighbor-
joining method using MEGA version 4 (Tamura et al., 2007). The bootstrap values were
determined from!10Q0 \replicates! of.the original data. The $1igene sequences of the
thirty-two IBV isolates were submitted to the GenBank database (Table 1). The other S1
gene sequences fromithe GenBank @atabasel which were used for) comparison or
phylogenetic analysis in this study including M41 (AY561711), Ma5 (AY561713), H120
(M21970), IBN (AAW83034), Connecticut 46 (L18990), Florida 18288 (AF027512), JMK
(L14070), BJQ (DQO70839), QXIBV (AF193423), LC2 (DQ480154), A2 (AY043312), SH
(DQ480156), K069-01 (AY257061), 4/91 (AF093794), UK2/91 (Z83976), Ark DPI
(AF006624), Australian T (AY775779), N1/62 (AlU29522), Armidale (DQ490205), DLD
(EU589323), THA001 (GQY06705).
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Recombination detection

Putative recombinant sequence and its parental strains were identified with
Simplot version 3.5.1 (Lole et al., 1999). The nucleotide identity was performed by using
Kimura (2-parameter) method with a transition-transversion ratio of 2. The window width
and the step size were 200 bp and 20 bp, respectively. Bootscan analysis was also
carried out employing subprogram embedded in SimPlot, using the signals of 70% or
more of the observed permuted trees for indication of the potential recombination events

(Salminen et al., 1995). Recombination breakpoints were analyzed by maximization of

X2 using the program Findsites included in the SimPlot (Robertson et al., 1995).

-

Part 3: Evaluation of the effectiveness of vaccination with two live attenuated IBV

vaccine strains against an IBV isolated from infected chickens in Thailand

.

Challenge virus 4

An IBV isolate THA80151 Wés Isolz%’geé from the infected chickens by using the
methods described above and pre’served‘;‘-'i'h ‘allantoic fluid at -70°C. The preserved
agent was thawed and then propagated by-.iﬂfdg!tilation in embryonated chicken eggs as
described above. The determinétion of-the vﬁs .Jconcentration in the stock solution was
done by the 10 fold serial diIth—iéﬁ method. AfteF ;[Hat, eachy dilution was inoculated into

embryonated chicken. 'eggs as described above. The Vembryo infectious dose 50%

(EID,,/100 pl) was calculated according to Reed and Muench (1938).

Experimental design

Eighty-four, 1-day-old female.Cobb 500 were randomly allocated into 6 groups
with 14achickens each, and housed 'in: separate experimental rooms.-Feed and water
were supplied ad lib. An infectious bronchitis vaccine was administered to the chickens
via eye drops at 1-and 14-day-old. Two strains of vaccines including 4/91 (Intervet
international, Holland) and H120 (Intervet international, Holland) provided by Intervet,
Thailand were used for vaccination. The groups were treated with the following regime
shown in table 2. This experiment has been approved by the Institutional Animal Care

and Use Committee in accordance with university regulations and policies governing the
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care and use of laboratory animals, approval number 0931008, issued by the Faculty of

Veterinary Science, Chulalongkorn University.

Table 2 Experimental design used to study the efficacy of live attenuated vaccines

Vaccination

Group Challenge
1 day-old 14 day-old 28 day-old

1 H120 H120 Yes

2 4/91 H120 Yes

3 4/9 1-J 4/91 Yes

4 =1 ZQ 4/91 Yes

5 (positive control) Ao 28 No Yes

6 (negative contrel) NOW No No

")
B |

Four weeks after the first-vaccination,: the chickens were weighed before

challenge inoculation. After that; the chickens—._in_;groups 1-5 were inoculated with 100 pl
of isolate THA80151:-via eye drops. The virus concentration was approximately 10"
EID,,. At 7 dpi, all or the chickens were humanely Killed, - necropsy was performed and

the tracheas were collected for evaluation of the protection.

Clinical signs and body weight gains

Clinical signs and mortalities"were daily observed for 7 dpi.«The chickens were

weighed'before thelchallenge inoculationland at 7 dpi.

Virus detection

The tracheas were individually collected from each chicken for virus detection.
In each group, the proximal portion of the trachea was placed in a sterile plastic bag.
The samples were prepared as 10% w/v suspensions in phosphate-buffered saline (pH

7.4) and centrifuged at 1,800 x g for 10 min. The supernatants were then collected for
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RNA extraction using Viral Nucleic Acid Extraction Kit (Real Biotech, Taiwan) following
the manufacturer’s instructions. The extracted RNA was subjected to RT-PCR using a
new primer set designed for detection of isolate THA80151 but not detection of 4/91 and
H120 strain. The primers designed base on the S1 gene of THA80151, 4/91 and H120
strain were FOR216 (AAGGACGTCTATAATCAAAG) and RE769
(AGTACCATTAACAAAATAAGC). The RT-PCR was performed by using one-step RT-
PCR (AccessQuickTM RT-PCR System, Promega, USA). The RT-PCR conditions were the

same as the first amplification reaction of nested RT-PCR described above.

Histopathological examinations o

The distal portion ofstheiracheas were placed in 10% buffered formalin,
sectioned, stained with haematoxylin and eosin, and evaluated for histopathological
lesion scores by the method /of « Ratanasethakul et al. (1999). Briefly, the
histopathological lesions were gvaluated a§ fq_l_lows:

0 = no lesions fl

1 = epithelial deciliation a-nd- desqd&ej}n;tion with minimal lymphoid infiltration in

lamina propia and submucosa = sy

2 = generalized epithelial deciliation_e_a_r]g hyperplasia with moderate lymphoid
infiltration in lamina propia and submucosa
3 = generalized epithelial deciliation and hyperplasia with heavy lymphoid

infiltration in lamina propia and submucosa

Detection of IBV, antibody titers

At 1-day-old, blood samples“were randomiiys collected from«20 chickens. At 7-
day-old, blood samplesiwere randamlyieollected from 10 chickens 'of igroup 1, 3 and 6.
At 14 and 21-day-old, blood samples were randomly collected from 10 chickens in each
group, excepted group 6. Then, blood samples were randomly collected from 10
chickens in each group every week of age. The serum samples were kept at -20°C. IBV
antibody titer was determined using commercial Enzyme Linked Immunosorbent Assay

(ELISA) test kit (BioChek, Holland). These ELISA plates were coated with inactivated 1BV
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antigen. Serum samples were diluted at 1:500 and the test was performed according to

the manufacturer’s instructions.

Statistical analysis
A comparison of body weight and antibody titer among the experimental groups

was performed using one-way analysis of variance (ANOVA) and followed by the least

significant difference (LSD). The morbidity rate and IBV detection rate among the

AULINENINYINS
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CHAPTER IV

RESULTS

Part 1: Development of nested RT-PCR for the detection of infectious bronchitis virus

Primers

The primer sets designed for T-PCR were FOR1 (5'-CTT TTG TTT GCA

CTA TGT AG-3’) and RE3 (5-T GA GCT GT-3’) for the outer primers

and FOR2 (5-CAG TGT nd RE2 (5-CCA TCT GAA AAA
TTG CCA GT-3') for thei primers amplified 878-bp and

400-bp fragments of t

Sensitivity determinatio
The results of sensiti ' ation showed that non-nested RT-PCR using

) E ers, and nested RT-PCR had

detection limit of 10'3, 10 tock virus, respectively (Figure 3 and

Table 3). At the time, virus isolat ryonated chicken eggs had a detection limit

1
det@ion assays
Detection assay

oion &mﬂ ¢) ‘ﬂ&l%ﬁﬂ Eholf] ‘iested arpoR

outer primer)  (inner grimer)

Table 3 Comparison owwe sensitivity of d

10-5 - - - +

10-6 - - - -




12 3 4 5 6 1 2 3 4 5 6

878-bp

400-bp

= a . ) . i
and nested PCR (C). Lane1: 100455 marker 2-6:10°,10°, 10", 10" and 10°

dilution of stock virus, respectively 2

[

5 6
L7
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strains. Lane1: 100-bp marker, Lane2: negative control, Lanes3-8: Field isolate

(THA001), Mab, H120, 4/91, Arkansas and Connecticut, respectively.
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1 2 3 4 5 6

/
Figure 5 Specificity dJ etection of other chicken

infectious viruses. Lane1: 100 ker, Lane2: e control, Lane3: Field isolate

showed target bands<« (F bther avian viruses showed any

amplified product (Figure 5).
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First phage. The molecular characterization by using partial S1 gene sequencing

Virus screening and isolation

For virus screening, pooled trachea and lung samples from each flock suspected
of IBV infection were determined to be positive for IBV by screening with nested RT-
PCR. A 400-bp fragment of the S1 gene was amplified in all 13 samples tested. The

allantoic fluid from the second passage of each sample screened positive for the virus
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was also determined to be positive with RT-PCR ampilification and a segment of 878-bp

of the S1 gene was obtained (Figure 6).

Phylogenetic analysis

To assess the genetic relationship among the IBV isolates, a phylogenetic tree
was constructed from the nucleotide sequences of S1 genes (Figure 7). The thirteen IBV
isolates were separated into two distinct groups. Group | consisted of five isolates
including THA20151, THA40151, THA50151; THA60151, and THA90151. The isolates in
group | showed evolutionary. distances from*gach.other. Group Il consisted of eight
isolates including THA304&61, THA70151, . THA80151, THA100151, THA110351,
THA120351, THA130551, and«THA140551, which had a close relationship with Chinese
IBV isolates (strain A2, SH and @XIB\). |

i

Nucleotide and amino acid sequence éomﬁar[son
) 4
The S1 gene of ifie ihirieen IBV isolates was sequenced to characterize the

isolates. The nucleotide and deauéed arrj:iaol'acid seqguences were determined and
abd v ol
compared among each other and. with oth—_e___r,;_j-BV strains published in the GenBank

Otide and amino acid sequence identities

d o el

database. Group | Thai IBV isolates had nquE

between 99-100% vx_/it_h each other. They had nucleotide §e_quence identities less than

85% and amino acid*seguence identities less than 84% Wiih"other IBVs published in the
GenBank database. Group Il Thai IBV isolates had nucleotide and amino acid sequence
identities between 99-100% with each other..They,.had nucleotide sequence identities of
97-98% and amino lacidssequence identities'of 96-98% with Chirnese IBVs (strain A2, SH
and QXIBV).
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878-bp
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9
Figure 6 IBV detection from the second passage of allantoic fluid of each sample. A;
Lane1: 100-bp marker, Lane2-9: isolate THA20151, THA30151, THA40151, THA50151,

THA60151, THA70151, THA80151 and THA90151, respectively. B; Lanel: 100-bp
marker, Lane2-7: positive control, isolate THA100151, THA110351, THA120351,

THA130551, and THA140551, respectively.
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Figure 7 Phylogenetic tree based on the nucleotide sequences between aligned partial

S1 genes of Thai IBV isolates and published sequences.
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Second phase: The molecular characterization by using complete S1 gene sequencing

Primers

The S1 gene amplified by a new primer designed for amplifying the region from
5" terminus to the middle of S1 gene showed the positive RT-PCR band of 988-bp
(Figure 8). Amplification by using a new primer designed for amplifying the region from

the middle to 3’ terminus showed the positive RT-PCR band of 1046-bp (Figure 9).

P

988-bp

i — |

Amplifying the r%ion from 5’ terminug to the middlﬂA); Lane1: 10(&9p marker, Lane2-4:

coiete ROATE), T80T T T 88 e e el fofne region

the midae to 3’ terminus (B); Lane1: 100-bp marker, Lane2-4: isolate THA20151,

THA90151 and THA201051, respectively.



Table 4 Spike glycoprotein cleavage recognition sites of Thai IBV isolates

IBV isolates Group of Years of Cleavage sites’ Accession
isolate isolation number

THA10151 Il 2008 Arg-Arg-His-Arg-Arg GQ503609
THA20151 | 2008 Arg-Arg-His-Arg-Arg  GQ503610
THA30151 I 2008 Arg-Arg-His-Arg-Arg GQ503611
THA40151 I 2008 Arg-Arg-His-Arg-Arg GQ503612
THA50151 I 2008 Arg-Arg-His-Arg-Arg GQ503613
THAB0151 I 2008 Arg-Arg-His-Arg-Arg GQ503614
THA70151 I 2008 ArgeArg-His-Arg-Arg GQ503615
THA80151 I 2008 Arg-Arg=His-Arg-Arg GQ503616
THA90151 I 2008 Arg-Arg-His=Arg-Arg GQ503617
THA100151 1l 2008  Arg-Arg-His=Arg-Arg GQ503618
THA110351 Il 2008 ' Arg-Arg-His-Arg-Arg GQ503619
THA120351 Il 2008 4 Arg-Arg-His=Arg-Arg GQ503620
THA130551 I 2008 TA[g—Arg—HiS-Arg-Arg GQ503621
THA140551 I 2008 Arg-Arg-His-Arg-Arg  GQ503622
THA150351 I 2008 ArgArg-His-Arg-Arg  GQ503623
THA171051 I 2008: 'A‘Eg-_Arg-His—Arg—Arg GQ885126
THA201051 1l 2008 Arg-Arg-Phe-Arg-Arg  GQ885127
THA211051 I 2008 A_F_gfétg—His—Arg—Arg GQ885128
THA221051 [ 2008 Arg—Arg—Phe—Arg—Arg GQ885129
THA231251 '} 5008 Arg-ArgHISATg Arg  GQ885130
THA241251 I 2008 Arg-Arg-Phe-Arg-Arg GQ885131
THA250152 Ik 2009 Arg-Arg-His-Arg-Arg GQ885132
THA260152 Il 2009 Arg-Arg-His-Arg-Arg GQ885133
THA280252 Il 2009 Arg-Arg:Phe-Arg-Arg GQ885134
THA290252 1l 2009 Arg-Arg-Phe-Arg-Arg GQ885135
THA300252 [l 2009 Atg-Arg-HissArg-Arg GQB85136
THA310252 I 2009 Arg-Arg-His-Arg-Arg GQ885137
THA320352 1l 2009 Arg-Arg-Phe-Arg-Arg GQ885138
THA330352 Il 2009 Arg-Arg-His-Arg-Arg GQ885139
THA340552 Il 2009 Arg-Arg-Phe-Arg-Arg  GQ885140
THA351052 Il 2009 Arg-Arg-His-Arg-Arg GU111581

THA361052 Il 2009 Arg-Arg-His-Arg-Arg GU111582

°Arg arginine, Phe phenylalanine, His histidine

43
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Thailand Il

B\/ CHINA
\Y278246 isolate LS2
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< CHINA ]
QXIBV

't‘ 1l

//Al
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Thailand 1

THA221051
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Figure 9 Phylogenetic tree based on the nucleotide sequences between aligned

complete S1 genes of Thai IBV isolates and published sequences.
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Phylogenetic analysis

A phylogenetic tree was constructed using the nucleotide sequences of the S1
genes (position from ATG start site to the cleavage recognition site) of the field Thai IBV
isolates and the GenBank deposited sequences. Thirty-two Thai IBV isolates were
separated into three distinct groups (Figure 9). Group | consisted of five isolates
including THA20151, THA40151, THA50151, THA60151 and THA90151. The isolates in
group | showed evolutionary distances from each other and this group was unique to
Thailand. Group Il consisted of twenty isolates including THA10151, THA30151, THA
70151, THA 80151, THA100151, THA110351,-THA120351, THA130551, THA140551,
THA150351, THA1710545FHA211054, THA231261, THA250152, THA260152,
THA300252, THA310252, THAB20852, THA351052 and THA361052 and had a close
relationship with Chinese 4QXIBV. s Group Il consisted of seven isolates including
THA201051, THA221051, #THA241257, "THA280252, THA290252, THA320352 and

THA340552 and had a‘Close relationship ththhe Massachusetts type.
)

Analysis of the spike glycoprotein cléavage;_-récdgnition site
vl ok
There were two diffefént gleavage recognition site sequences observed among

the Thai IBV isolates (Table 4)..The most common cleavage recognition site sequence

was Arg-Arg-His-Arg-Arg observed in both the group. 'a_nd the group Il Thai IBV.

Another cleavage recognition site sequence was Arg-Arg-Phe-Arg-Arg observed in the

group Il Thai IBV.

Comparison oficomplete-S1/gene

When the BLAST search wasfperformed, wesfound that groups |, Il and Ill had a
nucleotide identity of about 89%,97% @nd 95-100% with other IBY/strains deposited in
GenBank database, respectively. The complete nucleotide and deduced amino acid
sequences of the S1 gene of the fifteen Thai IBV isolates were determined and
compared with each other. Group | Thai IBV isolates had nucleotide identities of 99.8-
100% and amino acid identities of 99.3-100% with each other. Group Il Thai IBV isolates
had nucleotide identities of 98.8-100% and amino acid identities of 96.3-100% with each

other. Group Ill Thai IBV isolates had nucleotide identities of 97.9-100% and amino acid
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identities of 95.2-100% with each other. When comparison of the nucleotide sequences
among the groups was made, less than 90.1 %, 74.5% and 73.5% identity was found
between group | and Il, between group | and Ill, and between group II and Ill,
respectively. For the amino acid identity among the groups, less than 80.4%, 52.2% and
53.1% identity was found between groups | and Il, between group | and Ill, and between

group Il and lll, respectively.

Table 5 Nucleotide and amino acid identities of S1 gene among QXIBV

QXIBV in other countries Group Il Thai IBV
Nucleotide identiy (%)  Amino acid identity (%)

QXIBV China 95.5.96.0 90.7-92.8
LX4 China | 916915 89.6-90.4
LH2 China . 910915 88.6-90.7
LS2 China ©00.3-90.7 87.5-88.3
LD3 China 49%.09155 87.5-89.6
LH10 China L 4809911 88.3-89.3
NL/L-1449K/04 Netherlands 90,5906 90.7-91.8
L-1148 Netherlands 90 6:90.8 90.6-91.4
CK/SP/170/09 Spain §9.6.89.5 89.3-89.7
CK/SP/79/08 Spain (2008) 89.6-89.8 90.0-90.7
K1583/04 SoUlfiKorea 90.0-90.3 ' 88.3-90.0
K1277/03 South-+orea 90.5-90.7 89.7-90.4
K630/02 South Korea 90.2-90.4 - 89.0-89.6
UK/AV2150/07,United Kingelom §9/3-89.4 87.9-88.9
FR/L-1450T/05 Frahce 90.5/90/6 90.4-91.5
15/1201 Israel 90.0-90.4 89.0-90.4

The comparison of S1 genes between group Il Thai IBV and QXIBV reported in
other countries was shown in Table 5. Group Il Thai IBV had nucleotide identity 89.3-
96.0 % and amino acid identity 87.5-92.8% with QXIBV reported in other countries.
When comparison by alignment of S1 genes, the results showed that group Il Thai IBV

had nucleotide sequences at 3’ terminus differed from other QXIBV (Figure 10).
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Comparison of individual nucleotide of S1 gene

The individual nucleotides of the S1 gene were aligned and compared. We
found an exchange of genetic information in groups | and Il. The event was not found in
group Ill. Overall, groups | and Il were clustered into a different group based on
phylogenetic analysis of the S1 gene (Figure 9). However, when individual nucleotides
were aligned, it showed that the 3’-terminus of the S1 gene was found to be similar with
each other (Figure 11). The 5-terminus of the S1 gene of the group | was similar to
isolate THAOO1 which was unique to Thailand, isolated in 1998 (Figure 12). Although the
5'-terminus region of the S1 gene of group Il.was found to be similar to Chinese QXIBV,
the remaining region at 3.the-3’-terminus was-similar-with the Chinese strain JX/99/01
(Figure 13). The nucleotides€eduences around the exchange regions seem to
conservation. We found that'the 45 /nucléotides downstream from the exchange region
pbetween isolate THAOO1 sand group-II* Thai IBV had 93% of nucleotide identity.
Furthermore, the upstream 45 nucl_eotides_ffrpm that site of JX/99/01 and QXIBV were

/
also analyzed and found©93% of nucleotide‘identity.

' §
i

Recombination in the S1 gene 2

il

The recombination events.in ihe St nge__ri(e_ sequences of Thai IBV were analyzed

el

by using the Simplptr analysis.;ln the similéfity plot, the srtrains were considered as
recombinants if any circv)rssover event took place betweenr two putative parental strains.
By this analysis, the recombination events were found in groups | and Il, but not in group
Il Thai IBV. When the similarity plot of group+l (represented by isolate THA90151) was
performed, the 3'-tetminus ©f the [S1 genelwas! found ita beisimilar with each other
(Figure 14). Interestingly, The 5-terminus of the greup | was similar/to isolate THAQO1
which 'Was' unique ' toy Thailand; Lisolated’ in 11998 | (Figure [14). The positions of
recombination breakpoints were estimated at nucleotide 679-699 (the maximization of
X2 = 146.4). The similarity plot of group Il (represented by isolate THA80151) showed
that the 5’-terminus of the S1 gene was found to be similar to Chinese QXIBV but a short

region at the 3’-terminus was similar to the Chinese strain JX/99/01 (Figure 15). The

positions of recombination breakpoints were estimated at nucleotide 1531-1537 (the

maximization of * = 71.0).
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Figure 11 Nucleotide sequences at the 3'-terminus o S1 genes of group | Thai IBV co

nucleotide identity at that position. Group | ﬂ:ﬂj ﬂ’nﬂﬂ A]wﬁ-?mm The putative parent strains were THA001
and group Il Thai IBV (represented by THA8 0151 an

pared with their potential parent strains. Dots indicate
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Figure 12 Nucleotide sequences at the 5-terminus

J
81 genes of group | Thai IBV cO
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Figure 13 Nucleotide sequences at the 3'-terminus of S1«genes of group Il Thai IBV compared with their potential parent strains. Dots indicate

nucleotide identity at that position. Group I ThﬂBuvgere%tg ms@wrﬂﬂsﬂrﬁmmm and THA310252. The putative parent

strains were QXIBV, LS2, JX/99/01 and CK/CH/L&(/QQI
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Figure 14 Similarity plot of the S1 gene of the group | Thai IBV (represented by THAQ0151). Isolate THA80151 (green) and isolate THAQ01
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putative parental strains when isolate THA80151 was queried. M41 (pink) was used as an outlier sequence.
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Part 3: Evaluation of the effectiveness of vaccination with two live attenuated IBV

vaccine strains against an IBV isolated from infected chickens in Thailand

Clinical signs and body weight gains

In the infected groups, some chickens showed tracheal rales, coughing and
gasping at 2 dpi. Decreased feed consumption and ruffled feathers were observed. In
vaccinated groups, the numbers of chickens which showed clinical signs were

significantly lower (p<0.05) than those of the positive control group (Table 6). The dead

chickens were not found in th e end of the experiment. There were

neither clinical signs no@

weights of chickens in

ol groups. At 7 dpi, the body
lower (p<0.05) than those of
the negative control of chickens in vaccinated

groups were significantly highes (o= ) tha ' positive eontrol group (Table 7).

w [;::J | 4

Table 6 The morbidity rz keq{ cm idua
Group ac :ﬁd’ﬂj k ' \Morbidity (%)

1'.l*"‘.l'

;.‘

.ﬂ

AT .i:.-

1 H120:EW, = 3/14° (21.4)
—-i'_,f:_é_,{—-‘.?w -
2 u:l 4/91+H120 47 (14.3)

R ]
3 a 4 ﬁmi (21.4)
; ﬂummmwmn

a, b, c- significantly different (p<O 05) from the same Column



Table 7 The body weights of chickens at 28 and 35-day-old

Body weight (g)A

Group Vaccination
28-day-old 35-day-old
(0 dpi) (7 dpi)
1 H120+H120 1347.1£51.5 1842.9+126"
2 4/91+H120 1334.3+65.4 1854.3+103"
3 4/91+4/91 '\1‘@#’ ﬁiy) 1862.1+91.1°
4 H120+4/91 31 352 9+ 1835.7+83.9°

5 Positive control™ =13 2 9+4M742 9+183.2°

Negativecon/ 5 \47.11101.5

a, b, c- significantly differ:

(0]

A
mean + sd

il

-

L

AR89 e

Figure 16 IBV detection using a primer set specific to THA80151. Lane1: 100-bp
marker, detection with THA80151 specific primers; lane2-4, H120 4/91 and THA80151,
respectively. Detection with IBV specific primers; Lane5-7, H120 4/91 and THA80151,

respectively.
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Virus detection

Detection of IBV was performed by RT-PCR. A new primer set could detect an
isolate THA80151 but it could not detect vaccine strains H120 and 4/91 (Figure 16). IBV
was 100% (Table 8) of detection in the tracheas of the groups 1, 3 and 5 (Figure 17, 19
and 21) and 76.8% (Table 8) of detection in the tracheas of the groups 2 and 4 (Figure
18 and 20). IBV was not detected in the tracheas of the negative control group (Figure

22).

Table 8 IBV detection (%) aE 2 %io lesion scores in the tracheas of
T —

the experimental chickenswe

Group Vaccina ( ==\.

-

racheal histopathologic

*lesion scores (average)

1 H120%H120 .;:ag 00 2.00
2 4/914#H1: 31[1'(3. ¢ 1507
3 4/91+4/9 5 A2 /1 (100 1.93°
4 H120+4/91 1.57°
5 positive contro_l_;;‘?;i‘—‘rg—jtﬁg 47 2.86"
6 0.00°

Figure 17 IBV detection in the tracheas of the vaccinated chickens in group 1
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Figure 18 IBV detection in tha&as of t ated chickens in group 2

--g{.-.@,ma-u --.-.-;

-
-
- -
-
-

Figure 20 IBV detection in the tracheas of the vaccinated chickens in group 4

57
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437-bp ——

Figure 22 IBV detectlom

Histopathologi IS‘; ﬂ i] lj

At 7 dﬁm:@ na cm ated chickens an dﬂe positive control chickens
had hi ﬁ ﬁ( squamation of
epithea:ﬁbtaeﬁnjmiﬁ[ﬁ:i Wﬁﬁd f|ﬂ:ons in lamina

propia and submucosa. No prominent histopathologic lesions were observed in

Ve cm’[rol group

negative control chickens. The average histopathologic lesion scores in the tracheas of
the vaccinated chickens were significantly lower (p<0.05) than non vaccinated chickens

(Table 8).
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IBV antibody response
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Figure 23 The average antibody titer levels c_gn}pgring among the experimental groups
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The average 'antibody titer levels comparing amq’ng the experimental groups

were shown in Figure_72_3. At 1-day-old, the average IBV éﬁ’tibody titer of experimental
chickens was 578312743. At 7-day-old, the average<IBV antibody titer was not
significant difference, (p>0.05), among, the.groups. ,At. 14-day-old, the average IBV
antibody titres were 86.31181, 41.5485.5, 25.97066:8, 1967541 and 3441388 in group
1, 2, 3,.4 and 5, The significant difference (p<0.05) was .only. found between group 3
and 5. At 21-day-¢ld, the laverage- 1BV antibody“titer ‘'was notsignificant difference
(p>0.05) among the groups. At 28-day-old, the average IBV antibody titres were
4821437, 8621762, 3951314, 1202%704, 73.9180.7 and 146.4199.6 in group 1, 2, 3,
4, 5 and 6. The average titer of group 4 was significant difference (p<0.05) from group 1,
3, 5 and 6. The average titer of group 2 was not significant difference (p>0.05) from
group 4 and 1 but significant difference (p<0.05) from the others. The average titer of

group 1 was not significant difference (p>0.05) from group 2, 3, 5 and 6. At 35-day-old,
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the average IBV antibody titres were 41131919.8, 11671649, 13961681, 293211484,
140180 and 5601584 in group 1, 2, 3, 4, 5 and 6. The average titer of group 1 and 4
was significant difference (p<0.05) from the others. The average titer of group 3 was not
significant difference (p>0.05) from group 2 but significant difference from the others.
The average titer of group 5 was not significant (p>0.05) difference from group 2 and 6

but significant difference (p<0.05) from the others.

AULINENINYINS
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CHAPTER V

DISCUSSION AND CONCLUSIONS

Discussion

One of the major problems of IBV is the frequent emergence of new variant
serotypes. Different serotypes have been reported world-wide and new variant
serotypes continue to be recognized (Gelb et al., 1991; Gough et al., 1992; Jia et al.,
1995; Liu and Kong, 2004; Pohuang et al., 2009)«Thus, it is necessary and important to
be able to diagnose these new serotypes: Furthermore, determining the types as well as
field isolates is important'to selecl-an appropriate vaceine against IBV infection in the
next flock. Therefore, 'sevegal tesis have; been employed to identify the isolates into
serotypes or genotypes. Typing With}_RT—E?C,.R and sequencing of the S1 gene is easier
and faster than the mere traditional virus: nJe_utraIization methods, but it is difficult to
design PCR primers that can be used foe,détect all of IBV isolates (Lee et al., 2001;
Mondal et al., 2001, Worthington"'etfal., 20@5?:').J'-Previously, we could not amplify a Thai
IBV isolate THA001 (Pohuang _eth_zmal., 2005)‘\4v]th the primer set and PCR method
described by Kwon et al. (1993}._To overco@‘—t}lis problem, the new primer sets were

s J =i

designed and the neéted RT-PCR was developed in this study in order to increase the

sensitivity and specifi(-:_ity of the test used to detect IBV isoIée’d in Thailand.

IB is a highly iafectious disease and a cause ofieconomical loss in the poultry
industry. Early diagnaosis is €ssential for the effective control of an outbreak. Although an
RT-PCR assaylis commonly Gsed for.viral RNA detection (Kwon gt al., 1993; Keeler et al.,
1998), sometime there is a problem®with sensitivity, for the detection of low level viral
RNA (Kim et al., 2001). Falcone et ak.|(1997) described la nested RT-PCR for IBV
detection within 12 h but the step was carried out in separate tubes for RT and double-
PCR ampilification. Therefore, in this study, we established a nested PCR with initiating
by one-step RT-PCR and followed with PCR reaction for the detection of IBV. The result
showed that the whole procedure was easy to perform and allowed result to be obtained

within 7 h.
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The primer sets were selected from the highly conserved region of S1 gene
because the S1 gene provides a good target for serotype identification by sequencing
or restriction fragment length polymorphism (RFLP) (Keeler et al., 1998). Therefore,
PCR-amplification products from our assay described here could be further analyzed by
sequencing to confirm and identify the serotypes of IBV. The results of sensitivity
determination showed that the nested RT-PCR was about 10 folds more sensitive than
virus isolation in embryonated chicken eggs and 10-100 folds more sensitive than non-
nested RT-PCR. A greater sensitivity of nested RT-PCR compared to the standard PCR
has also been reported in the detection of etherpathogens (Kho et al., 2000; Kim et al.,
2001). Therefore, the nesteadRT-PCR enhances thesensitivity of IBV determination. This
investigation is useful whensdeciecting low levels of IBV particles. In the specificity
determination, RNA extracted from six strains, amplified by the nested RT-PCR, showed
target bands of 400-bp. This stggested that the regions selected for the primers were
the conserved regions of the $1 gene|of I_.,é\/.t- None of other avian viruses showed any
amplified product. This.indicated that the rf;eslte_d RT-PCR was not a cross-reaction with
the other common avian viruses. | J.-_'

Genotyping of IBV on the:basis of th'e"éfr gene sequence, particularly the HVR
region of the S1 gene, is the.most Commorf_-wgy_to classify IBV isolates. It has been
shown that the genetiC typing based on HVR I (nucleotids Wwosition 114-325) of the S1
gene could represent the grouping method based on the whole S1 gene (Wang and
Huang, 2000). Furthermore, in a recent study using an approximately 450-bp region
covering HVR gand) HVR Ay fory BV typingy it awas jfeund~that typing by this region
correlates withgvirus neutralization results (Lee et al.,, 2003). In our study, an
approximately: 878-bp region of.Sl.gene amplified by the outer-primer of nested RT-PCR
covering-HVR | and"HVR' II' (ntcleotide "position 31-908) ‘were "amplified and used for
typing the field isolates in Thailand. Based on these results, a nested RT-PCR
established in this study is a useful method for IBV detection; furthermore, PCR products
amplified by using the outer primer sets can be used for genotyping of IBV.

In the genotyping by using partial S1 genes, we demonstrated that IBV isolates

in Thailand between January and June, 2008 were divided into two distinct genotypic

groups based on an analysis of the HVR of the S1 genes. After that, we continued to
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collect the IBV samples until October 2009. Furthermore, the complete S1 gene
sequences were determined in order to obtain more information about the evolution of
Thai IBV. Herein, we found that fifteen Thai IBV isolated between 2008 and 2009 were
divided into three distinct genotypic groups. When compared with the partial S1 genes,
the group | Thai IBV was clustered into a different group but still unique to Thailand, the
group Il was clustered in the group of QX-like IBV and the group Il reported only in the
complete S1 gene study was clustered into the Massachusetts type. The result
suggested that at least three groups of IBV are circulating at the present time in
Thailand.

Although the basieramino acid residues ofthe cleavage recognition site of IBV
did not correlate with cleavabilily, host cell range and virulence as orthomyxoviruses
and paramyxoviruses, thesé sequences correlated with the geographic distribution of
IBV (Jackwood et al., 2004). Two spike glycoprotein cleavage recognition sites were
found in the Thai IBV isolates. The cleavagg recognition site sequence, Arg-Arg-His-Arg-
Arg, was found in the group | and the gro:rp Il _Thai IBV. This cleavage recognition site
sequence had been previously re}ported -iiE-]-:dC.)hinese IBV isolates (Liu et al., 2006).

Another cleavage recognition sjite sequence, Arg-Arg-Phe-Arg-Arg, was found in the

group Il Thai IBV. This cleavage recognitiQr:_-rSLte_ sequence has been found in many
countries (Jackwood et al., 2001: Liu et al, 2006) Based 'on these facts, the group |
and the group Il Thai BV isolates have a close relationship with Chinese IBV isolates.
Overall, the group | Thai IBV appeared to be different from previous published
strains by phylegeneticranalysis: interestingly; whentthepotential-of recombination event
was analyzed, the 5'-terminus of the S1 gene were similar to isolate THAOO1 which was
isolated«in slhailand«in 4998 but the remaining-sequenges, were similar, to the group I
Thai IBV. Surprisingly, when the*S%1 genes "of the” group=il Thar IBV=were analyzed,
recombination event was also observed in the nucleotide sequences near the cleavage
recognition site. Although the group Il Thai IBV appeared to be similar to QXIBV, a
region near the cleavage recognition site was found to be similar to JX/99/01 isolated in
China in 1999 (Liu et al., 2006). Our primary concern was that the possible viral
recombination resulting from the co-infection of heterologous field strains in the chicken

flocks. The recombination may be subsequently occurring with co-infection with QXIBV
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and JX/99/01 resulting for the occurrence of the group Il Thai IBV. After that, the co-
infection and exchange of genetic information between the group Il Thai IBV and isolate
THAOQOO1 resulted in the occurrence of the group | Thai IBV. As reported by Wang et al.
(1993), the evidence of natural recombination could occur within the S1 gene of IBV field
isolates. The natural recombination events observed here indicated that the S1 gene of
IBV was the potential site for recombination and that the exchange of genetic
information could occur in more than one region of the S1 gene.

The recombination event is thought to ©ccur by the switching of the polymerase
from one template to another during the ‘genomie synthesis (Tolskaya et al., 1987).
Specifically, an intergenie=(IG) consensus sequences (CTGAACAA or CTTAACAA)
serve as recombination “hot.spots” (Lee and Jackwood, 2000). Sometime, the presence
of homologous nucleotidef'seguence regions between the strains may serve as a
potential recombination jupCtion or/cfoss-over site (Wang et al., 1993). Although the IG
consensus sequences were not observed?inghis study we found the highly conserved
nucleotide sequences Jpresent around tl'f:e. rre_combination breakpoint regions in the
putative parental strains.” The re_%_ult sUQ};;?ted that the homologous nucleotide
sequence regions between theisirains may 'bla;yiﬂa role as a cross-over site of our 1BV
isolates. ey, _

o el

QXIBV was first described and identified in_China, after that this 1BV genotype

spread and became one of the most prominent genotypes;in many countries (Beato et
al., 2005; Bochkov et al., 2006; Gough et al., 2008). Althcugh the complete S1 gene of
the group Il Thdi @BV swas~of95.5:96:0%cnucleotide sidentity=to Chinese QXIBV, the
nucleotide sequences at 3'-terminus near the cleavage recognition site were different
from the,Chinese QXIBV. We found that thissregion, was, closely related, to the Chinese
isolate JX/99/01. 'Interestingly, this change was not*found when'the'comparisons of the
S1 gene among QXIBV reported in others countries were analyzed. These findings
suggested that the group Il Thai IBV had gone through evident evolution change in
Thailand.

The isolates in the group Il were clustered into the Massachusetts type. The
Massachusetts type was also isolated in many countries world-wide including Asian

countries such as China, Japan and South Korea (Liu et al., 2006). Some of the
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Massachusetts type isolated here may be a field challenge which comes from the point
mutation of vaccine strains because they had 97.5-99.9% nucleotide and 93.2-99.7%
amino acid identity to the vaccine strains (data not shown). It has been shown that the
S1 gene of the 4/91 pathogenic virus differs only 0.6% from the vaccine strain whereas
other genes were no different (Callison et al., 2001). However, the possibility that some
of them were re-isolation of vaccine strains could not be excluded due to the 100%
identity with the Massachusetts type, the vaccine strain used in Thailand. As indicated in
the previous report, we could not conclusively distinguish between the vaccine strain
and field challenge of the same genotypes espeeially when a sequence identity of
between 99-100% was founa-«(Worthington et al.; 2008).

It is known that IB vaeeines administered at 1-day-old are interfered by maternal
derived antibodies (Pensaeft and L ambrechts, 1994, Moendal and Naqi, 2001; Terregino
et al., 2008). Therefore, iif'seéms réasonable to vaceinate the chickens, particularly
under field conditions,"with.@ double vacciEatipn. In the case of IB, although vaccination
for the prevention is widely practiced, ‘Ijt stil_l has been the incidence of disease
outbreaks sporadically in vaocinatég chicl%épd %Iocks (Gelb et al., 1991; Gough et al.,
1992; Liu and Kong, 2004). As elsetved in our é{_udy, the chicken flocks showed clinical
signs associated with IBV infection includingffga;sping coughing, sneezing and tracheal

rales although all of ‘Ehe_m had been vaccinated Ht-has been reported that complete

protection is provided-by homologous strains but a low level or no protection is
observed when vaccination with one heterologous strain (Pensaert and Lambrechts,
1994; Al-Tarcharand Sadoeony 1991 il iuretials2009) sHowever, the partial protection may
be providing after vaccination  with "live “attenuated "vaccines (Darbyshire, 1985;
Albassam efvalk, 1986; Wang.et.al.,»1996; Liu et al, 2009). Furthermore, using a
combined Vvaccination program “incorporating with different live ‘attenuated vaccine
strains provide a good protection against heterologous strain (Cook et al., 2001; Martin
et al., 2007).

In this study, the chickens were vaccinated with 2 live attenuated vaccine
strains at 1 and 14-day-old and challenged with a heterologous strain, Thai IBV isolate
THA80151, at 28-day-old. This isolate was representing for group Il Thai IBV, the most

frequently isolated type in Thailand during the time of study. Therefore, it was selected
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as a challenged virus. At the time of evaluation, the tracheas were only used to evaluate
of protection study because the tracheas were the primary site of IBV infection.
Moreover, the results from the preliminary experiment showed that the virus did not
cause prominent lesion in the kidney although it was clustered into QXIBVY, a
nephropathogenic strain. This observation was also observed by Benyeda et al. (2009).
They reported that five QX-like IBV strains (Chinese, French, Slovakian, Greek and
Hungarian) isolated from different countries had the difference in clinical signs and
pathological lesions. The comparison of pathogenicity, under the experimental condition,
showed that the respiratory lesions, nephritis.and oviduct dilatation were observed in the
infected chickens; howeveryvariation in the pathogenieity was found among the strains.
The results of the preteciion study showed that the body weight gains of the
vaccinated chickens wege" higher than|the infected but non vaccinated chickens.
Furthermore, the morbidityfate’and tracheal histopathologic lesion scores of vaccinated
chickens were lower than the infected chiEke_ns that were not vaccinated, although the
number of infected chiekens was not sigr::'rficar_wtly difference. Interestingly, the clinical
protection was also foundiin the chri_clkens \/éégiiﬁated 2 times with the same IBV vaccine
strains; however, it appeared tohiave-a slightly iqajwer protection than vaccinated 2 times

with the heterologous strains. Th_gse'suggesfgd.'tbai the live attenuated vaccines used in

this study could induci'e_clinical protection when ,administ_eﬁred at an interval of 2 weeks

but it could not protect against the infection of a challenge strain. The results are
consistent with other stlidies that show the level of protection of heterologous challenge
test. Martin et ali (2007) reportedythat the; vacaination) protecolseonsisted of vaccination
with Mass/Conngat hatch followed by Hol/Ark at 18-day-old could reduce the disease
associatedwith-IBV-isolate-CA99 which, was typed-into, serotype CA99.distinct from Ark,
Mass, and Conn 'serotypes.” Terregino et al. (2008) described the vaccination program
using Mab5 at 1-day-old and 4/91 at 14-day-old. It could protect the chickens from
infection with the QX-like IBV variant strain isolated in ltaly. They found that no clinical
signs attributable to IBV infection were observed in vaccinated chickens and the
number of IBV positive tracheal samples from the vaccinated SPF and vaccinated

commercial broilers were lower than the infected non vaccinated chickens.
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Several reports had shown that vaccination with live attenuated vaccines provide
a protection against challenged with heterologous IBV strains. Darbyshire (1985)
reported that chickens vaccinated with the H120 strain could reduce the amount of
Australian T strain 30,000 times within 4 days post-infection. Albassam et al. (1986)
showed that chickens vaccinated with the H120 strain at 10-day-old and challenged at 4
weeks later with one of 4 IBV strains; Gray, Holte, Australian T and Italian did not show
tracheal lesions but 50-70% of the chickens showed renal lesions. Pensaert and
Lambrechts (1994) demonstrated that vaccination at 1-day-old either with homologous
strain, H120 or combined H120 and D274 vaccines reduced the duration of virus
replication in the tracheas ofthe chickens inoculated with B1648 strain at 4-week-old.
Wang et al. (1996) showed that inthe H120 strain vaccinated chickens, only 1 of 10 that
had been challenged with*the 1471 strain and none of the chickens that had been
challenged with the 1449 strain showed clinical signs associated with IBV infection. Liu
et al. (2009) showed that the clinical proteEtiqn against pathogenic CK/CH/LDL/971 was
conferred following vac€ination with “the Y::e.terqlogous vaccine strains CK/CH/LDT3/03
P120 and J9 but the respiratoryV_pl)_rotectiéé_dc-onferred by the heterologous vaccine
strains was <50%, as determined by virus iédléfron from the tracheas. The reasons for
the clinical protection against-_,heterologoukS_:_-Cballenge may be that live attenuated

vaccines induce thedoeal immunity of the upper respiratory tract resulting to reduce the

replication of challenge-virus (Darbyshire, 1985; Terreginc-et al., 2008).

It is known that the trachea is a primary site for the IBV to propagate. Live
vaccines can reduce|mortality inrinfectedyanimals| due to,mucaesal immunity induced by
the virus. The mucosal immunity prohibits invasion and propagation of the virus in the
trachealsmugosa, Thompsen et al, (1997) .examined the mucesal-immunity of infected
chickens. and found" that" 70%" of ‘the“samples "contained=IgA; 52%~and 56% of the
samples contained IgG and IgM, respectively. Nakamura et al. (1991) found IgM, IgA,
and IgG in the trachea more often in chickens that were resistant to the disease
compared to susceptible chickens. Live vaccines can also induce cellular immunity,
which can prohibit virus attack as well. Pei et al. (2003) found that transfer of CD8+ T
cell isolated during 3-6 weeks after infection caused by IBV to 6-day-old chicks can

protect the chicks from infection.
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The antibody titres in chicken serums collected before challenge inoculation
date gradually declined with time, which is consistent with the reported on the changes
in maternal antibody titres (Al-Taracha et al., 1991). Hens transmit maternal antibodies to
their offspring by depositing the antibodies in the eggs. The percentage of IgY transfer
from hens plasma to their chicks is estimated to be 30%. The levels of anti-IBV antibody
in the chicks serum detected by ELISA kit are highest on 3-day-old and decrease
substantially on 7 and 14-day-old, respectively (Hamel et al., 2006). Although the
immune responses of young chickens are iintegfered by maternal derived antibodies, the
protection can be provided after vaceination..Al-Taracha and Sadoon (1991) showed
that chickens having maternal-derived antibodies~ean be protected against intra-
tracheal challenge with IBV siraindM 41 by vaceination via intranasal-eye drop at 1-day-
old. Pensaert and Lambreehts (1994) showead that vaceination of 1-day-old chicks with
maternal derived antibodi€s induged protection against a challenge strain but the
protection was lower than the chicks withoE{t maternal derived antibodies.

At the day of challenge inoculatio‘rj:T, thg average antibody titres of vaccinated
groups appeared to be higher tharr)l_the posjm:/e control group but the infection rate at
the time of evaluation was high./Ihese antibddi!és might not be the primary protection
mechanism against IBV infection; The humo’r@i—-iajﬁibodies might play a role on reducing

the tissues damage bgc_hallenqe virus._ It had been showrithat humoral immunity to IBV

played a role directly—against viremia of the viruses; therefore, it was important in
protection of non respifatory tissues (Terregino et al., 2008; Lui et al., 2009). However,
the complete protegtiomwas nat oceurnng in:thisistudy because:the vaccine strains and
a challenge virusywere heterologous. The antibody ftiters induced by vaccines might be
occurring from the group spegific-epitopes,lacated-on, the.enveloped of virus (Parr and

Collisson, 1993) and they induced partial protection“againsta challenge-virus.

Conclusions

The data obtained from this study indicated that firstly, the nested RT-PCR
established in this study can be a sensitive, specific and practical method for the
diagnosis of IBV infection. Secondly, at least three groups of IBV are circulating at the

present time in Thailand and they undergo genetic recombination and evolution. The
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natural recombination is contributing to the emergence of a new genotypes or IBV
variants in the field. Lastly, for the protection study, vaccination with the live attenuated
vaccine strains used in this study administered at an interval of 2 weeks could induce
clinical protection, reduce body weight gain loss and reduce tracheal histopathologic

lesions but could not protect against the infection of a challenge strain.
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