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1. ABSTRACT 

The current study reports the seroprevalence of infectious bronchitis vIrus (my) in 

commercial eggs and meat-type chickens in Pakistan. The object ives of the study were to 

monitor chicken flocks for the presence of various my strains, to determ ine their 

pathogenicity, to develop effective diagnostic measures for my strains and to develop and 

examine the efficacy of a killed my vaccine. Several commercial flocks (16 layers and 9 

broilers) with a vaccination history against M-41 strain were bled and the serum samples 

were tested for the presence of antibodies against M-4I , 0 -274, 0 -1466 and 4-91 my 

strains. The strain M-41 was found to be most prevalent (100% in layers flocks and 77% in 

broiler flocks) followed by D-1466 (52%), D-274 (40%) and 4-91 (8%) was the lowest. 

The Haemagglutination Inhi bition (HI) titers were also determined and were found to be 

generall y comparab le between the layers and the broilers for a given [BY varian t. The IBY 

antigen from clinicall y [BY suspect chickens was also found to be detectable using the 

indirect immunofluorescence assay (IF A). Lungs and trachea were the only organs tested 

with IFA in which 40% of lungs showed positive for strain M-41 whereas only 10% of 

tracheas showed positive. The IBY M-41 strain was readily detectable in ho mogenate of 

these tissues . The direct haemagglutination assay (HA) was least sensitive however its 

sensitivity improved significantly when the homogenates were pretreated with 

phospholipase C (1 .3 % to 30.6%). In addition , agar ge l precip itation test (AG PT) was also 

effe ct ive but detec ted only 5.3 % of the homogenate samples when tested for strain M-4l 

anti gen. Reverse Transcriptase Pol ymerase Chain Reaction (RT-P CR) was most sensitive 

and 57.3% of the ti ssue homogenate samples were found to be positi ve when tested agai nst 

S I OLIG05 ' and S 1 OLIG03 ' neucleotide primers. A total of 43 out of 75 IFA positive 



samples showed a viral PCR product around 1700 base pair. The ti ssue homogenates were 

passaged through the chicken embroynated eggs, wh ich sequentially increased their 

teratological effects with each passage. The effects included dwarfing, curling, stunting and 

urate deposits in challenged embryos. These effects were effectively neutralized by using 

mv variant specific antisera in a viral neutralization test. The mv variants isolated and 

present in the embryonic fluid were used to prepare a formalin-killed mv vaccine. This 

vaccine induced high levels of anti-mV titers as determined by haemagglutination 

inhibition assay. The booster vaccine inoculation enhanced the titers as expected. The 

vaccine protective effects could not be tested in this study. 

The results of this study which have shown the prevalence of various mv variants 111 

chickens suggest that despite an existing vaccine program, mv infection is still prevalent 

in Pakistan. Nevertheless, by using proper diagnostic tools and reagents, the disease can be 

effectively and quickly diagnosed in affected flocks. In addition , indigenous vaccines 

representing the native mv strains would be most effective since mv is known to undergo 

significant antigenic changes overtime. 

Key words: Infectious Bronchitis Virus, lBV strains, Seromonitoring, HA, HI , AGPT, 

R T -PCR, teratological effects, vaccine. 
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2. INTRODUCTION 

Infectiolls bronchitis (18) is an acute, highly contagious viral respiratory disease of 

ch ickens characterized by tracheal rales, coughing, and sneez in g. In add ition, the disease 

may affect kidneys, and in laying flocks there is usually a drop in egg production and egg 

quality. Mortality may occur in young chicks due to respiratory or kidney manifestations of 

the infection (rev iewed by Cavanagh and Naqi , 1997). The respiratory infection is usually 

mild and se lf-limiting in the ch ickens. However, the economic importance of the disease is 

often complicated by IBV strains that cause kidney and oviduct damage as well as by 

secondary bacterial infection. Schalk and Hawn first described 18 in 1931 in the United 

States, and initially, IB was recognized primarily as a respiratory disease of yo ung chi cks. 

Weight gai n and feed efficiency were reduced in infected fl ocks. Later, the di sease was 

observed in semi-mature and laying flocks , which experi ences a decline in egg production 

and egg quality after the onset of typical respiratory illness. The infectious bronchitis vi rus 

(lBV) which belongs to the Coronaviridae family causes the disease. It is an enve loped 

virus with a diameter of 120 11m (Davis and Macnaughton, 1979). The disease is prevalent 

wor ldwide with sign ificance economic consequences. While effective vaccines are 

ava il ab le and utilized routinely in commercial poultry production, the virus has a tendency 

of frequent mutat ions (Wang et aI. , 1993). There are more than 20 known serotypes wi thin 

IB Y recognized world wide (Lee and Jackwood, 2000) . 

At present the poultry industry in Pakistan is faci ng great economic losses due to IB Y in 

both layers and broilers. Drop in egg production in layers and mortality due to IBY or due 

to secondary compl ications contr ibutes significantly tOl"vards such losses to the pou ltry 
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producers in Pakistan (Muneer et aI. , 1987). However, there are hardly an y reports, which 

have attempted to document the incidence or economic losses in real monetary value. One 

repOlt by Farooq et al. (2002) has attempted to tabulate losses due to various poultry 

diseases in Chakwal region of Pakistan. This repOlt states mOltality in layers in all phases, 

i.e. , brooding, growing and lay ing periods. The mortality was highest (10 %) in the 

brooding period and minimum (2.4 %) during layi ng with an overall mortality of 6.35%. 

Although, the flocks in Pakistan are routinely vaccinated with M-41 strain of !BY, the 

problem still exists and the disease prevalence is routinely observed in vaccinated flocks 

(personal observation). Interestingly, the highest antibody titers in non-vaccinated flocks 

(8.7 %) are of that against Massachusettes (M-41) !BY strain (Muneer et a!., 1987). In a 

serosurveillance study, Muneer et al (1987) found antibodies against Arkansas (2. 6 %), 

Connecticut (2.2 %) type !BY as well no antibodies against JMK my variant. There are 

age and seasona l associations with the my infections reported in Pakistani flocks (Javed et 

a!. , 1991). The disease is more prevalent in 7 days to 5 weeks of age and the incidence is 

the highest (~67 %) in the winter time (Javed et a!., 1991). Despite the fact that very 

limited reports are available on the incidence and severity of infectious bronchitis in 

Pakistan, the fact is that this is a serious problem which needs to be invest igated and 

documented . 

The current study was therefore designed to investigate the incidence of lBY in both 

comme rcia l broiler and layer flocks of poultry. This survey-type study included 

seromonitoring of these flocks aga in st MAl as \vell as additional IBY stra ins not 

previously documented in Pakistani chickens . One additiona l avenue pursued in this study 
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was to develop IBY diagnostic and possib ly contro l technologies , which can be used under 

poultry production and surveillance conditions in Pakistan. The specific objectives of this 

study were: 

1. To conduct sero-surveillance of poultry flocks for IBY strain prevalence and possible 

identification and characterization of IBY strains. 

2. To develop and improve disease diagnosis of IBY infection. 

3. To undertake pathogenicity assessment of the field isolates of IBY. 

4. To develop serotype specific killed vacc1l1e uS1l1g field IBY isolate(s) and test for 

vaccine response/ immunogenicity. 
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3. REVIEW OF LITERATURE 

3.1 Historical Aspects 

The first clinical description of an apparently new respiratory disease of chicks was 

repolied by Schalk and Hawn in 1931 in North Dakota, USA. The disease occurred in 

chicks from 2 days to 3 weeks of age and was characterized by gasping and li st lessness . 

MOliality rate as high as 40%-90% was observed. Necropsy findings included congestion 

and mucous exudate in bronchi and trachea and occasionally in the nasal passages. The 

disease was shown to be readily transmissible by contact exposure or by transfer of 

bronchial exudate to healthy chicks. The nature of the infectious agent was not determined 

at that time. Soon after , Bushnell and Brandly (1933) reported an essentially id enti cal 

di sease. They establi shed that the causati ve agent was a fi lterable virus. Because the 

symptoms of resp iratory distress were caused by a filterable virus , Bushnell and Brandly 

regarded the disease as a form of infectious laryngotracheitis (IL T). However, the identity 

of the causative virus was not determined. Bushnell and Brandly 's report was considered 

by later research workers in av ian respiratory diseases to actually describe further 

outbreaks of infectious bronchitis (IB) . In 1930 's source of confusion was that the name 

infectious bronchitis was used in some papers actually describing LT. This confusion was 

cleared few years later by Beach and Schalm ( 1936) who proved by cross-immunity studies 

in chickens that IB virus was distinct from ILT virus and also tl'om coryza due to 

Hemophifus gaflinarum . They also reconfirmed the filterability of the bronchitis virus and 

demonstrated that serum from IB-recovered birds was capable of neutralizing the 

in fect ivity of the virus in tracheal exudate suspensions. 
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Beaudette and Hudson (1 937) were the fi rst to culti vate the bronchi tis virus ll1 chick 

embryos inoculated via the chorioallontoic route. This enabled Van Roeckel et. al. (1942) 

to successfully use the serum neutralization test for bronchitis as a practical tool which 

employed embroynated eggs rather than chickens. A new appreciation of the economic 

impact of IB virus was realized when Delaplane and Stuart (1939) reported that IB was a 

common respiratory di sease in semimature and older chickens in Rhode Island and could 

resu lt in significant losses in egg production. Van Roeckel et. al. , (1942) initiated a 

program of immunizing the growing chickens so that they were protected against the 

disease during the laying period. 

Although th is hi story ends at the point where commercial IB vacc ines became ava ilable. 

However, withi n few years, a series of entirely new' factors led the IB problem into new 

areas that still persist. The rapid growth of the poultry industry and the role of IB virus in 

chronic respiratory di sease entirel y changed the requirements for a successful di sease 

control program. Just as important was the recognition by Jungherr et aI. , (1956) who noted 

that there were immunogenic differences in IB strains sufficient to prevent cross

protection. 

3.2 Etiology 

Infectious bronchitis virus belongs to the order ofNidovirales, the family of Coronaviridae, 

the genus Coronavirus , with an envelope and a diameter of about 120 11m with club shape 

projections (spikes) about 20 11m in len gth (Davies and Macnau ghton. 1979). The spikes 

are not packed as close ly as the rod-shaped spikes of the paramyxov iru ses. Infecti ous 
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bronchitis ViruS Vlrlons contain three major virus-specific proteins, the spike (S) and 

membrane (M) glycoproteins, and the internal nucleocapsid (N) protein (Kant et. al. 1992). 

3.3 Economic significance 

Infectious bronchitis (IS) occurs worldwide. The flock management and the strain of virus 

involved playa major role in the impact of !BY infection. The principle losses are from 

production inefficiencies. The respiratory disease is debilitating, resulting in poor 

utilization of feed by young chicks, and hence poor weight gains. Condemnation at 

processing due to airsacculitis also contributes to production losses. Following an outbreak 

of IB, an estimated 3% to 8% of the broilers can be condemned at the processing plant, in 

comparison to flocks in which IBY is controlled , where condemnation can be below I %. In 

layers and breeders, the main production losses are from non-realization o-f full egg-layi ng 

potential. This may be a result of the delayed maturity, decline in production during 

infection (estimated at between 3% and 50%) and a sub-optimal production after recovery. 

Additionally, losses are incurred due to downgrading of eggs (Bisgaard, 1976). In breeders, 

the fertility rate could be reduced during and after an outbreak. In cases of IB nephritis, in 

addition to losses from poor weight gains and downgrading of carcasses, losses from 

mortality may be in the order of 10% to 25%. In broiler flocks, morbidity is virtually 100%, 

whereas mortality is usually low. Early reports describe mortalities of 20% to 30%, and 

these were almost certainly due to mixed infections with other infectious agents such as 

Escherichia coli (E. coli) or Mycoplasma (McMartin , 1993). In younger chicks affected 

with 18 nephritis, mortalities of up to 25% are common. 
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3.4 Transmission 

The v irus can be transmitted from clinicall y affected birds to susceptible flocks by direct 

contact and indirectl y on fomites . Tracheo-bronchial exudate and feces of the infected birds 

are the major sources of virus. The virus spreads horizontall y by aerosol or in gest ion . The 

rate of spread is dependent upon the virulence of the virus and the immune status of the 

flock (Cumming, 1970). The virus is highly infectious, and under natural conditions 

respiratory signs will develop in contact birds within 36 hours . On a site, house-to-house 

spread will occur within two to three days, and between farms within three to four days. 

Feces and feed , and drinking water that have been contaminated by feces , are also sources 

of infection. The virus can survive for a considerab le time in feces and is suspected to 

represent a continuing source of re-infection in the recovery phase of the disease. 

Contaminated litter, footwear, clothing, utensils , equipment and personnel are all potential 

sources of virus for indirect transmission and have been implicated In [BY spread over 

large distances . 

3.5 Genome composition 

[BY is among the largest RNA viruses with genome size of abo ut 27.6 kb. The genetic map 

for IBY was generated based on the oligonucleotide fingerprinting and the in vitro 

translation of mRNA 's (Stern and Kennedy, [980, Stern and Selfton , 1984). [n add ition, 

the complete nucleotide seq uence of [BY Beaudette strain has been determined (BoUl'snell 

et aI. , 1987). Overall , previous stud ies indicated that the gene located at 5' end of the 

genome RNA, abo ut 20 kb, encodes viral RNA dependant RNA polymerase. Two open 

reading frames, 441 kDa and 300 kDa, respectively, overlapped by 42 nucleotides are 
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located at this region. Studies also suggested that a ribosomal frame-shifting mechanism 

might be employed for the translation of this reg ion (Boursne ll et aI. , 1987). The 3'end of 

the genome RNA, about 8kb, encodes nucleocapsid protein (N) , membrane protein eM) and 

surface glycoprotein (S) sequential ly forms the 3' to 5' (Siddell , 1995). 

Wang et aI. , in 1993 first demonstrated the presence of five subgenomic mRNA 's in the 

virion of !BY, which form a 3' cotenninal set of mRNAs . The mRNAs have identical 

3' ends but extend for different len gths in the 5' direction . Upon infection, the positive 

strand genomic RNA is trans lated to produce the RNA dependent RNA polymerase, which 

then transcribes the viral genome into comp lementary RNA. The negative strand RNA in 

turn serves as a template for the synthesis of genomic RNA. The viral or host enzymes that 

are involved in the replication are undefined. It is thought that precursor po lypeptides and 

their end products may be involved in the replication process. 

3.6 Surface glycoprotein (S) and its biological functions 

The surface glycoprotein (S) is a precursor polypeptide of about 180 kDa that is cleaved 

into S 1 and S2 polypeptides by host cellular protease in the Golgi apparatus or RER 

membranes (Stern and Selfton, 1982). S I glycoprotein is located on the oLlter membrane 

and forms spikes, while S2 glycoprotein attaches S I protein to the membrane (Cavanagh 

1983a, b) . The involvement of S protein in lBY attachment to cells has been demonstrated 

by Mockett et aI. , (1984) using monoclonal antibodies and by Cavanagh et ai. , (1984) using 

po lyc lona l antibodies rai sed against purified S protein to block the attachment of virus ce ll. 
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Moreover, Cavanagh et aI. , ( 1986) indicated that the removal of S I by urea aboli shes the 

infect ivity of virus and qualitatively affects ce ll attachm ent. 

The role of S protein on the tissue tropism and pathogenicity of the virus is not we ll 

defin ed. Studies by Kwon and l ackwood (\995) indicated that the S I nucleotide sequences 

of l MK and Gray have 99% homology, through serologica ll y they belong to di fferent 

serotypes and the JMK strain mainly causes respiratory disease while Gray strain is 

nephrotropic. Six of the ten predicted amino acids differences located between res idues 99-

127 of S I glycoprotein were assumed to be responsible fo r the di ffe rent ti ssue tropism. 

However, the sequence analys is of nine nephropathogenic Australi an strains of !BY failed 

to con fi rm the above assumption. In addition , no correlat ion was found between S I amino 

ac id sequences and nephropathogenicity of nine Australian strains of IBY (Sapats et aI. , 

1996) . Nevetiheless, studies on Murine Hepatitis Coronav irus (MHY) do suggest that in 

some cases changes in virulence or tropism we re parall e led by marked changes in S prote in 

(Morris et aI. , \989 , La Monica et aI. , 1991). 

There is stron g ev idence that S protein , espec ially S I subunit, is a major inducer of 

protecti ve Immune response . !BY spi ke protein can induce both neutrali zin g and 

haemagglutinati on inhibition antibodies (Cavanagh et aI. , 1984). 

Koc h et al. ( 1990) identified two Mabs directed aga inst S I that moderately or stron gly 

neutra lized !B Y at titers higher than loglo . Studies by Karaca et al. (1 990) indicated that 

Mabs, which exhi bit serotype specific ity , 'vvere all spec ific to S I fractions of the 
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homologous serotype . !BY retaining S2 protein but not S I can not induce vIrus 

neutralization and haemagglutination inhibition antibodies and fail to provide tracheal 

protection of chickens (Cavanagh et al., 1986) 

3. 7 Strain variations, serotypes and protectotypes 

Strain variation of !BY was first reported by Jungherr et al. in 1956. They found that the 

Connecticut and Massachusetts isolates did not cross neutralize and fully cross protect each 

other, even though both cause similar disease in chickens. Since then , many different 

strains or serotypes of !BY have been identified based on the virus neutralization (VN) test. 

While most strains have a tissue tropism for the respiratory tract, both nephrotropic and 

enterotropic strains have been reported (Cumming, 1963 ; Cowen et al. , 1987 and Karaca et 

al. , 1990). Nephrotropic !B Y strai ns can calise damage in kidney that is assoc iated with 

hi gh mortality, while enterotropic strains have not been reported to cause detectable clinical 

disease. 

Similar to the other so called quasispecies RNA viruses, the genetic liability of !BY is 

partially attributab le to the infidelity of RNA polymerase, and a lack of a proofreading 

mechanism. Interestingly, sequence ana lysis of structural protein genes among different 

serotypes of IBY indicated that the 5' end of S 1 gene exhibited the highest variation rate, 

whi le S2, M and N genes were relatively conserved. Comparison of the S 1 gene seq uences 

of major North American isolates includin g strain M-41 (N ieste r et aI., 1986), Ark-99, SE-

17 and Pp-14 (Wang et al., 1993), CU-T2 (Jia et al. , 1993), Gray and lMK (Kvvon and 

lackwood 1995), Holte and lowa-609 (Wang et aI. , 1994) were performed. The results 
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reveal ed that some serotypes differ significantly from each other (about 20% S 1 residues) 

such as JMK and Ark-99, while others have high homology (99%) li ke JMK and Gray. 

This suggested that a few amino acids change could lead to an antigenically different IBV 

stra in . The homo logy analys is of S 1 gene sequences of 13 different IB V stra ins within the 

same Massachusetts serotype indicated a hi gher variation rate in certain reg ion of S 1 gene 

is likely an indicat ion of different serotype (Cavanagh et aL, 1988, 1992a). Most recentl y, 

Callison et aL, (1999) reported that variation in S2 sequence, even thou gh small , may also 

contribute to strain variation of IBV. Analysis of Arkansas, Connecticut and Florida 

serotypes demonstrated that S2 was conserved within the same serotype, but different 

between serotypes, and it is consistent with the results of S 1. They hypothesized that a 

small variation in S2 may result in different second structure of S 1, therefore , affecting 

specific anti body binding of S I sLl bun it. Taken together, there is strong ev idence that S I 

gene variation is associated with serotypes. 

Cavanagh et ai. , ( 1992b) for the first time proposed the recom bination phenomenon within 

the Massachusetts serotype by comparing the nucleotide seq uences of S genes. This \-vas 

further confirmed by Wang et aL, (1993 , 1997) who examined both natural and 

experimental recomb inant within S gene of different serotypes of IBV. Furthermore, 

Kottier et ai, (1995) demonstrated that recombination co uld occur on the N gene and 3' 

untranslated reg ion. In contrast, seq uence ana lysis of the M glycoprotein gene and the 

intergenic region of several IBV serotypes suggested that stra in variation is mainl y due to 

base subst itution and deletion/ inseltion rather than recombination of these regions 

(Cavanagh and Davis. 1988). 
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Phylogenetic ana lys is of different strains of mv in different geographic regions has been 

conducted . Some stud ies have shown that the geographic distribution of m V strains is 

related to their antigenic variations (Kusters et aI. , 1987; Gelb et al. , 1991 a; Cavanagh and 

Davis, 1992). Therefore, the distinct evolutionary lineage of virus in different regions 

might be a means of virus mutation. However, different results have been obtained from 

other stud ies . For example, Cavanagh and Davis investigated the relationship of recent 

European IBV isolates using the method of limited proteolysis of the virion glycoproteins 

in 1987 and of the 1960s isolates in the U.K by sequence analysis in 1992. They found that 

the recent isolates (1980s) were unrelated to the isolates in the USA and also distinct form 

those of 1960s in European countries. King (1988) reported the identification of mv 

isolates from layer flocks that has a hi story of red uced egg product ion and egg quality 

problems that are serologicall y different from currently used my vaccine strains. Overall , 

it appears that mv may also evolve independently and there is no evidence to support that 

mutations occur in fixed progressive manner (Cavanagh et aI. , 1998). _Molecular 

epidemiological studies can further assist in phylogenetic analysis of mv around various 

geographical regions. Huang et al (2004) compared an IBV strain isolated in 1964 and 

another 31 strains isolated from 1991 to 2003 in Taiwan. The N-terlllinal and S I gene 

analysis were performed on selected strains (13 total) in terms of entire S I and partial 

nucleocaps id (N) genes . Their studies indicated that Taiwanese m V stra ins could be 

divided into two distinct lineages. Not surprisingly, S 1 gene showed noticeably higher 

divergence than the N gene. The ph ylogenet ic trees constructed from S I and N genes 

indicated than intergenic recombination had occurred. This further suggests that developing 

vacc in es from local strains is necessary for IB V contro l in va rious geographi ca l regions. 
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Despite the geneti c diversity and the di stinct antigenicity of di ffe rent serotypes defined by 

VN test, partial or complete cross-protection has been achieved by cross immunization and 

cross challenged studies (Darbyshire, 1980; Hofstad, 1981 ; Lambrecht et aI. , 1993). 

Hofstad (1981) studied the cross immunity and cross protection of seven IBY isolates, and 

di fferent degrees of protection were obtained ranging from 0% to 80%. Darbyshire in 1985, 

demonstrated that vaccination of chicken with H 120 resulted in a significant reduction in 

titer of the challenge virus Australian T strain, although no antigenic relationship was 

found based on VN test. Therefore, the term "protectotype" was proposed by Lohr (1988) 

to characterize some !BY isolates rather than as serotypes or variant strains. This concept 

was further supported by Cook et al., (1999) who showed that cross protection aga inst 

heterlogous !BY serotypes induced by a vaccinat ion regime using Massachusetts serotype 

for pri ming and heterologous serotype 4/9 1 for boost immunization was hi ghl y effecti ve. 

Cavanagh et al. (1998) proposed that IBY mLltation mi ght occLlr more randoml y. They 

concluded that there is little evidence to sLlpport the notion that !BY variant strain arises 

from immune pressure or immune selection by analyzing the S 1 gene sequences of 28 !BY 

isolates isolated in France and Britain between 1985 and 1996. 

3.8 Clinical signs and organ involvement 

3.8.1 RespiratOlY infection: Replication of IBY in the respiratory tissues causes 

character istic, but not pathogonomonic signs sLlch as gasping, cough ing, tracheal rales and 

nasal discharge. Occasionally, puffy, inflamed eyes and swollen sinuses may be seen. 

(Parsons et aI. , 1992; Capua et aI. , 1994). In uncomplicated cases these si gns last for only 5 

to 7 days and di sappear within 10 to 14 days. The effected chi ckens also appear depressed. 
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and feed consumption and weight ga ll1S are significantly reduced from 3 days after 

infection (Otsuki et al. , 1990). In uncomplicated cases, moralities are generally low and 

have been attributed to asphyxiation due to blocking of the lower trachea or bronchi by 

plugs of mucus. The upper respiratory tract is the main site of IBY replication , following 

which a viremia occurs and the virus gets widely disseminated to other tissues. The virus is 

epitheliotropic and enters the ep itheli al cel ls by viropexis. During the clinical phase of the 

disease, maximulll virus titers are recorded in the trachea between 5 and 10 days post 

infection. (Otsuki et aI. , 1990; Ambal i and Jones, 1990) 

3.B.2 Reproductive effects: Infectious bronchitis can cause a severe decline in egg 

production in layers. Furthermore, the eggshell and internal quality deteriorates du ring the 

later period of lay ing (McDougall , 1968). Mi ld or no respiratory si gns may acco mpany 

such effects (Muneer et aI. , 1986). Some stra ins produce only a loss in shell color (Cook, 

1984). The severity of decline in egg production varies with the period of lay, the virul ence 

of the virus involved and other non-specific factors. Egg production may start to increase 

after 2 to 3 weeks from the first appearance of clinical signs of the disease, but reaches only 

sub optimal levels . When laying is resumed, some eggs have soft she ll s, while others are 

mis-shape or rough shelled. Inspissated yo lk material may be seen in the abdominal cavity 

of infected layers . [BY infection of female chicks of less than 2 weeks of age can cause 

permanent damage to the developing reproductive tract, resultin g in " false layers" that do 

not lay normally at sexual maturity. The effect of IBY on the male reproductive tract has 

not been reported (Jones and Jordan, 1970). 
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3.9 Viral effects on other organs and functions 

3.9.1 Nephritis: Although even those strains of !BV cons idered primarily to affect the 

respiratory tract such as strain M-41 can occasionally cause kidney damage 

nephropathogenecity has been associated only with certain strains (Jones, 1974). Viral 

replication in the kidney causes impaired fluid and electro lyte transport leading to acute 

renal failure (Afanador and Roberts, 1994). The kidneys infected with !BV are swollen 

and pal e, with tubules and ureters distended with urates . The relative kidney weight and 

kidney asymmetries are increased (Winterfield and Albassam, 1984). 

3.9.2 Intestinal involvement: Several strains of !B V have been isolated from cloacal 

swabs, feces and caecal tonsils (Alexander et al. , 1978; Cook, 1984). The abi li ty of the IB V 

strains to surv ive in the presence of low pH, digestive enzymes and bil e salts may be 

relevant to enteric rep li cation (Otsuki et aI. , 1990). 

3.9.3 Pectoral myopathy: The important variant strain of IBY, 793/8 , was recently 

isolated from a broiler breeder flocks where the affected birds had bilateral myopathy 

affect ing both deep and superficial pectoral muscles (Gough et aI. , 1992). There are marked 

swel ling and pallor of deep pectoral muscles together with the presence of occasional facia l 

haemrorrahages and a layer of ge latinous edema over its surface (Dhinakar Raj and Jones, 

1996) . 

3.9.3 Virus in other tissues: Infectious bronchitis vIrus has been isolated from the 

Harderi an gland, (Toro et al. , 1996) bursa of Fabricius, li ver and spleen (Ambali and Jones, 

1990) . However, it has not been documented to be in vo lved with any functional damage. 
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IBY has been isolated from semen and eggs of infected chickens (Cook, 197 1), but vert ical 

transmission appears to be of little importance. 

3.10 Pathogenesis 

The chicken is the only natural host of IBY that shows clinical disease. All ages of 

. chickens are susceptible, but the disease is usually severe in 1-3 weeks old young chicks, 

and causes mortality (Cavanagh and Naqi , 1997). IB has a ShOlt incubation period of about 

18-24 hrs, and is highly contagious among chickens in a flock (Cunningham, 1970). The 

characteristic clinical signs in chicks are coughing, sneezing and tracheal rales . The chicks 

appear depressed , the feed consumption and weight gain are significantly reduced. Older 

chickens usually recover in two weeks. In laying flocks the respiratory symptoms are mild, 

but egg production can be decreased upto 50% and the egg quality is also affected , 

resulting in misshapen , soft-shelled and infeltile eggs. Experimental infection of one day 

old chicks with IBY can lead to permanent damage of the oviduct, therefore, the egg 

production and quality is reduced when the chickens come into lay (Crinion, 1972; Jones 

and Amba li , 1987). Infectious bronchitis virus can replicate in tissues of the respiratory 

tract, intestinal tract, kidneys , and the oviduct (Karaca et aI., 1990). Commonly, IBV 

isolates , regardless of tissue of origin, readily infect the respiratory tract of the chickens 

and produce characteristic lesions in the trachea, airsaccu liti s develops because of 

secondary bacterial infections like E. coli and Mycoplasma infection. Combined infections 

cause mortality ranging from 14-82% (Cook et aI., 1986). The hi ghl y egg adopted 

Beaudette strain is pathogenic , causes no detectable damage to the ciliated epithelium of 

the trachea and replicates predominantly in the subepithelial cells (Albassam et al. , 1986). 
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In contrast, the vi rul ent M-41 strai n destroyed the ciliated epithelium prior to locali zation 

in the subepithelium. The Australian T strain is virulent and a known cause of motiality 

and kidney lesions. Viruses of other serotypes that are known to be nephropathogenic, but 

of less severity than T strain, include the United States strain Gray, and Holte, the Mass

Holland 52 strain, and the Belgian B 1648 isolate (PenSaeti and Lambrechts , 1994). 

Virulence for the reproductive tract may also differ among 18 V strains. Different fB V 

strains can produce a range of effects in susceptible layers varying from shell pigment 

changes with no production drop to production drops of 10 to 50% (Cook and Huggins 

1986). Muscle pathology in broiler breeders has been described as pale and swollen deep 

pectoral muscle with occasional fascial hemorrhages and a layer of ge latinous edema over 

the surface of the musc le. Bilateral myopathy affected both deep and superficia l pectoral 

muscles (Hopkins and Beard , 198 5). 

Studies on the pathogenicity of 25 strains of IBV isolated in Australia between 1961 and 

1994 revealed that twelve strains were nephropathogenic and 10 respiratory, the other three 

being of mixed pathogenicity. The !BY strains identifi ed as nephropathogenic induced 

clinical nephritis, gross and histological kidney lesions and mortality of 5-90%. The 10 

respiratory strains caused histological lesions in trachea but not in the kidney, and did not 

induce clinical nephriti s and mortality (lgnjatovic et aI. , 2002). 

Histo logical ly, the changes in the trachea are characterized as loss of cilia and 

desquamation of ep ithe li al ce ll s, followed by the infiltration of lamina propia with 

19 



heterophils , plasma cell s and lymphocytes and regeneration of epithelial cell s. The kidney 

les ions are primaril y interstiti al nephritis, characteri zed by massive infiltration of 

heterophils in the in terstitium (A lbassam et aI. , 1986 and Riddell , 1987). 

3.11 Diagnosis 

The diagnosis can be confirmed by isolation and identification of the causal virus using egg 

inoculation and/or tissue culture techniques. Retrospective diagnosis is possible by 

demonstrating a significant rise in circu lating antibody in paired acute and recovery-phase 

sera applying enzyme-linked immunosorbant assay (ELISA) or serum neutralization (SN) 

assay. Reverse transcriptase polymerase chain reaction CRT-PCR) is a reliable and sensitive 

method, which can be used to test fi eld samples. The test can be tailored to detect all my 

stra in s by using primers for the conserved N protein or S i glycoprote in of my (Smati et 

aI. , 2002; Zhou et aI. , 2003). However, RT-PCR is complex to perform and requires a level 

of expertise that may not be available in a diagnostic laboratory. 

Yirus isolation is usually performed using the I O-day old embroynated eggs, but adaptation 

may be needed for the initial isolation of the field samples. The characteristic changes are 

stunting, curling embryos and embryo death . Tracheal organ culture also had been used in 

virus isolation by assessing the movement of ci li a after virus inoculation . [BY can always 

be detected by tracheal organ cu lture during the initial passage and no adaptation is usually 

required for this method (Sawaguchi et aI. , 1985). Chicken embryo kidney cells and 

chicken kidney cells are the most often used primary cell cultures for [BY (Yamakami et 

aI. , 1984) . 
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Serology tests are routinely performed to monitor vacc ine responses or are used as an 

indi cation of exposure to virus. Virus neutrali zat ion (VN) test is traditionally considered as 

the "Gold Standard" in terms of serotyp ing diagnosis. VN can be carried out in chicken 

embryos or tracheal organ culture by constant-serum variable virus method or constant

virus variable-serum method. VN has the disadvantage of being time-consuming, tedious 

and expens ive. Haemagglutination inhibition (HI) test is able to measure the HI antibod y 

response much faster and cheaper, but its application in serotyping is controversial. Studies 

of King and Hopkins (1983 , 1984) demonstrated the ability of HI test in strain 

differentiation, espec ially following a single exposure. Other invest igators indicated that 

the HI test is hi ghly cross-reactive compared with the VN test (Lashgari and Newman, 

1984), therefore, it is only suitable for mon itoring immune status and rap id diagnos is. Agar 

gel precipitation (AGP) (Gough and Alexander, 1977), indirect immunofluorescence (IF A) 

(Chubb 1986), ELISA (Marquardt et a!. , 1981), and Western blot (Sneed et a!. , 1989) have 

been deve loped to detect antibody against mv. However due to the cross react ivity, most 

serological tests , except VN, can not differentiate among different serotypes or strains of 

IBV. Even with the availabi lity of monoclonal antibodies for some strains of IBV, which 

made the serology test serotype specific, their application is sti ll very limited (Naqi et a!. , 

1993) . 

Detection of IBV viral antigen In infected chickens uSing immunoperoxidase and 

immunofluorescence stai ning has been eva luated . Yagyu and Ohta in 1990 described the 

use of mon oc lonal antibodies specific for N protein of Massachusetts In 

immunofl uorescence sta ining for the detection of viral an ti gen. By app lying the tec hn ique 
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to tracheal smears or infected kidney cells, it was demonstrated to be suitable for early 

detection of virus. Similarl y, Naqi (1990) reported a monoclonal antibodies based 

immunoperoxidase procedure for rapid detection of virus in infected chickens. 

The reverse transcription-polymerase chain reaction (RT-PCR) test specific for IBY was 

first developed by Anderson et al. , in 1991. Two synthetic primers chosen from the 

conserved Membrane and Nucleocapsid genes were used to amp li fy cDNA generated from 

reverse transcription of IBY genome RNA. Compared with the above methods, RT-PCR is 

much more sensitive, highly specific, but is expensive. With the avai lability of gene 

sequences of different strai ns of IBY, oligo primer pairs based on the S 1 gene (Kwon et aL , 

1993) were des igned and used in the RT-PCR. Since most of the oli go primers used in the 

RT -pe R were chosen from consensus sequences in the IB Y genome, it can not 

differentiate various serotypes (Lin et aL, 1991). A serotype spec ific RT-PCR of the SI 

gene was reported by Keeler at eL , (1998). [n the future , with the advance of sequencing 

technology that makes the sequencing cost-effective, sequencing of the S I glycoprote in 

gene is likely to become a popular diagnostic method, providing more accurate genetic 

information about virus isolates. 

3.12 Immuni(v 

[t is believed that both cell-mediated Immune response and humoral immunity play an 

important role against IBV infection. Immature breeding and commercial layer flocks are 

routinely vaccinated with a mild attenuated product (H-120, or Massach usetts or 

Connecticut or their combination) at 7days in drinking water or by aerosol (Gelb et aL , 
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1989). The vacc ination is repeated at 30-40 days. The initial live vaccine should always be 

admin istered to susceptible breeder and layer flocks before 12 weeks of age to avoid 

possible damage to the developing reproductive tract of the pullet. Immunity in commercial 

layers can be boosted by administration of live attenuated vaccine in drinking water or as a 

coarse spray during the production period . Such commercial flocks receive inactivated IS 

vaccine as a booster, usually in the form of an injectable multivalent emulsion at the end of 

the rearing period and then at mid-cycle as considered necessary to maintain adequate 

maternal antibody transfer to progeny. Broilers in endemic areas are vaccinated by aerosol 

at day-o ld or subsequently by coarse spray or in drinking water at a suitable time (10-20 

days) depending on maternal antibody transfer or pattern of field challenge. In some areas 

special IS vaccines are required to prevent clinical problems attributed to variant strains. 

3.13 Immune responses of the chicken to IB V 

3.13.1 Immunogenic proteins of IBV: IBV has three structural proteins. The sp ike'S ' 

glycoprotein is located at the surface of the virion, and cons ists of two subunits, S I and S2, 

with molecular weights of 92 and 84 KD, respectively. The membrane ' M' glycoprotein is 

partially exposed at the surface of the virion with molecular weights ranging from 27 to 36 

KD, and the nucleocapsid 'N' protein is internally located with a mo lecular weight of 52 

KD (Wady and Westaway, 1981 ; Cavanagh, 1983 . The SI glycoprotein of IBV induces 

virus neutrali zation and haemagglutination inhibition (HI) antibodies and has been 

considered to most likel y inducer of protection (Kant et aL , 1992; Ignjatovic and Galli, 

1994) , but S2 and N proteins may also be important since they carried epitopes for 

induction of cross-reactive antibodies ([gnjatovic and Galli , 1995). A T-cell epitope has 



been identified in the lB V 'N' protein (Boots et al., 1991) and has been shown to induce 

anti-v iral respo nses (Boots et al. , 1992). Cellular immune responses eli cited by a li ve lBV 

vaccine have also been fou nd to be cross-reacti ve and the responses vari ed in magnitude 

with the serotype of lBV used for in vitro st imulat ion (Dhinakar Raj and Jones , 1997b). 

3.13.2 Innate Immunity: Immunity is considered to be either in nate or acq uired. Innate 

immunity compri ses a co ll ection of factors which res ist invas ion by external agents , such 

as phys ica l barriers provided by skil; and mucous membranes, soluble factors like 

Iysozymes, comp lement an acute phase proteins, and ce ll s such as granulocytes, 

macrophages and natural killer (NK) cells. In lBV-infected chickens, heterophils are the 

most numerous early inflammatory ce ll s in respiratory lavage fluids (Fu lton et al. , 1993). 

The role of macrophages in !BV infection is unknown, while no alterations in NK ce ll 

activity have been fou nd following IBV infection (Wakenell et al. , 1995). 

3.13.3 Acquired immunity: Acquired immunity results in the activation of antigen-specific 

effector mechan isms inc I ud ing B-cells (h ul1loral) , T -ce ll s (cell u I ar) acti vation and the 

product ion of memory cells. Upon receiving proper stimuli , B-ce lls differentiate into 

plasma ce ll s to secrete an tibodies either in the presence or absence of T-helper ce ll s. 

Immunoglob ulin G (IgG), the major circulating Ig, is the antibody detected by HI and an 

ELISA. Anti -IB V IgG can be detected as soon as four days post in fec ti on, reaches a peak at 

about 21 days but can remain in high titre in the serum for many weeks (Mockett and 

Darbyshire, 198 1). This is the antibody measured in conventional se rological test to 

mon itor IBV infections or in response to a vacci ne . Im munoglobul in M (IgM), present on ly 
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transitorily after infection , reaches peak concentrations about 8 days after IBY infecti on 

and level s then decline (Mockett and Cook, 1986). 

Maternal ly derived antibodies can provide protection against IBY, but they are short li ved 

(Darbyshire and Peters , 1985; Cook et aI. , 1991). Presence of maternally derived antibodies 

has no adverse effect on the efficacy of live IBY vaccines admin istered at one day of age 

(Davelaar and Kouwen hoven, 1977). Maternally derived IgG has been demonstrated in 

tracheal washes (Mockett et aI. , 1987) . Chicks hatched with hi gh leve ls of maternal 

antibody have been shown to have excellent protection (>95%) against IBY experimental 

chall enge at one day of age. However, such protective effects are lost if challenged at 

seven days of age suggesting not only the protective role of the maternal antibodies but also 

that the maternal antibodies are degraded within the firs t week post-hatch (Mondal and 

Naqi ,2001) . 

Local immunity in the respiratory tract is of fundamental importance in protection against 

/BY (Hawkes et aI. , 1983). This has been exemplified by the use of an in vitro chal lenge 

model using tracheal organ culture from immunized chickens, for cross protection studies 

(Lohr et aI. , 1991). IB Y specific IgA and IgG have been demonstrated in tracheal washes 

of infected chickens and antibody-secret ing cells were shown in tracheal sections 

(Nakamura et aI. , 1991). 
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3.14 Control and Prevention 

No treatment is available for lB , and antibiotics are usually used to prevent secondary 

bacterial infections. Recombinant ch icken interferon has been examined as a potential anti 

viral -agent, but disparate results were obtained and its app li cation remains to be 

determined. Prevention is considered as the most extensively used strategy. This is 

obtained mainly be the massive vaccination of chickens with attenuated and inactivated 

vaccines. 

Due to the highly transmissible nature of lB, Van Roekel (1951) tried to expose growing 

chickens to mv under controlled condition to prevent decreased egg production and egg 

quality in layers and ach ieved some success. Subsequently, attenuated viruses obtained by 

se rial passages in embroynated chicken eggs or primary chi cken kidney cells have been 

used as live vaccines (Klieve and Cumming, 1988). Cold adapted virus has been assessed 

for protection. Gelb et aI. , ( 1991 b) generated a cold adapted m V Ark strain by pass ing 

vi rus in chicken embryos incubated at 28°C. It provided protection aga inst homologous 

virus challen ge, but its temperature sensit ivity was lost after its administration to chi ckens. 

Live vaccines are used for vaccination of broilers and for ini tia l vaccination of breeders and 

layers. Good immune response can be achieved this way, but more evidence indicates that 

some attenuated vacc ines increase their viru lence by back passage in chickens, suggest ing a 

threat of introducing pathogenic virus to chickens through the use of li ve virus vaccines. 

Hopkins and Yoder (1986) reported the reversion to virulence of chi cken passaged IS V 

vacc ine virus. In activated vacci nes are also ava ilabl e and primaril y used in layers to boost 
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immunization prior to laying eggs. It is not su itab le for primary immunization . In add it ion, 

ind iv idual injection is needed . Therefore, the administration of inactivated vaccines is 

laborious and expensive. 

The continuolls emergence of new antigenic strains of !BY makes the prevention by li ve 

attenuated !BY vaccination difficult. Also, the in vitro virus neutralization results 

sometimes do not corre late we ll with cross protection (Raggi and Lee, 1975). To design a 

vaccination scheme in a region , one should be aware of all the existing IBY strains in the 

region , and also cross protection investigation has to be conducted to assist in selecti ng an 

appropriate vaccine. Since the Massachusetts strain is the initial isolate and distributed 

worldwide, Mass vaccine is used extensively without restraint. For other !BY vacc ine 

strains to be used in a region, their prior existence has to be confirmed before its 

in trod uction into the region . 

Yaccines using recombinant DNA technology are still being developed . No commercial 

recombinant vaCCllle is available yet. Most studies have focused on the surface 

glycoprotein S. Using vaccinia virus or baculovirus as a vector of immunogenic S or S I 

protein genes, IBY specific antibody and protective immune responses were induced in 

immuni zed mouse or chickens (Tom ley et ai. , 1987; Song et ai. , 1998). The major 

advantages of DNA vaccines over other reco mbinant vacc ines are thei r ease of preparation 

and long last ing immunity. It is spec ulated that the presentation of anti gen mimics that of 

natural infection because it results in de novo protein synthesis. For examp le, a DNA 
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vaccme based on the YP2 gene of Infectious Bursal Disease virus induced protective 

immunity against challenge with virulent 18DY strain (Fodor et ai., 1999). 

These observations in the literature clearly indicate that infectious bronchitis is a 

significant disease of impo11ant economic concern. The fact is that very few studies have 

documented the incidence of 18 in Pakistan. A few studies which have reported the 

prevalence of 18Y (Muneer et ai. , 1987; Farooq et ai. , 2002) warrant that a continuous 

seromonitoring needs to be done to get a better understanding and control of this disease in 

Pakistan. 
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4. MATERIAL AND METHODS 

4.1 Chicken Flocks: Source, Husbamb:v, and Sampling 

This study was carri ed out on commercial chickens. The fi rst source of chickens was 

commercial flocks located in var ious reg ions of Abbotabad, Manshera, Murree, Hafizabad, 

Arifwala and Rawalpindi reg ions of Pakistan. From these areas a tota l of 25 chicken flocks 

cons isting of 16 layer and 9 broiler flocks were included in this stud y. The layer flocks 

were of varying ages ranging from 12 - 50 weeks of age whereas the broiler flocks ranged 

from 23 - 48 days of age. All flocks were recorded as being free from any apparent 

clinica l disease . Vaccination hi story included all flocks been vaccinated aga inst M-4 1 

strain of InfectioLis Bronchitis Virus (IBV). These flocks served as a source of blood 

samples used in the serosurvei llance study for the presence of var ious stra ins of IBV in 

these flocks. Twenty blood samples were co ll ected from each of the 25 flocks. The 

samples were transpOlted to the laboratory and the serum phase was co ll ected and stored at 

-20°C for further analys is . 

The second source of chickens used in these studies was the chickens brought to the 

Poultry Disease Diagnosis Laboratory by commercial farmers . These chickens (n = 150) of 

varying ages were brought as "suspect" cases from flocks exhibiting resp iratory di stress. 

These chickens were necropsied and lungs, trachea, kidneys and caecal tonsil s we re 

co ll ected aseptically for ti ssue analysis, homogenate preparat ion and further analysis as 

desc ribed in subsequent sections . 
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The following flow chart describes the sequence of experimentation from samples obtained 

from both sources under this study: 

Commercial Chicken Flocks 

Layers (n = 16) Broilers (n = 9) 

Blood Samples and Serology for IBV Strains 

M-41 I I D-274 I I D-1466 I I 4-91 I 

Figure lA: Diagrammatic Illustration of the Experimental Design and Studies. The 
commercial flocks were M-41 strain vaccinated and were free from any clinical disease. 
Blood samples were collected from 20 chickens from each of the 25 flocks . The serology 
was carried out via haemagglutination inhibition assay against M-41, 0-274, D-1466 and 
4-91 IB V strains. 
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Clinically "Suspect" Chickens 

Trachea, Lungs, Kidneys, Ceacal Tonsils 

I Tissue Sectioning and IFA I 

L-___ D_i_re_c_t_H_A ____ ~1 ~I _______ A_G_P_T ______ ~ 
I 

+ 
I Phospholipase-C Treated HA I 

I Vaccine Preparation I 

Figure 1 B: Diagrammatic Illustration of the Experimental Design and Studies. Clinically 
"suspect" chickens (n - 150) of varying ages were exhibiting respiratory distress upon 
arrival. Various tissue samples were then collected and processed for the detection of viral 
antigens , nucleic acid, as well as pathogenecity assays . 
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4.2 Serological Analysis for IBV Monitoring 

Blood samples collected from the first gro up of chickens (i .e. , 25 chicken flo cks) were used 

to monitor the flocks status for the prevalence of various IBY strains. Specific antigens for 

four IBY strains, i.e., M-4I , 0-274, 0 -1466 and 4-91, were obtained from 

Gezondheidsdienst voor Oierenb .v.(G.O), Holland. All of these antigens were first tested 

by haemagglutination to determine the working antigen dilution for their subsequent use in 

the Haemagglutination Inhibition (HI) Assay. This was done as follows: 

4.2.1 Haemagglutination (HA) Test: Two-fold serial dilutions of all four !BY antigens 

were prepared in round-bottom 96-well microtitre plates. This was done by adding 50 III of 

the test antigen in a we ll containing 50 III ofO.IM PBS (pH 7.2). The dilutions were made 

up to 1 :4096 two-fold dilutions. Microtitre wells without antigens were also included in 

each plate for negative controls. To the diluted wells, 50 III of 0.5% of chicken red blood 

cells (obtained from healthy in-house chickens) prepared in 0.1 M PBS were added. The 

plates were agitated to ensure the even mixing of the well contents. The plates were then 

incubated at room temperature for 25 minutes and the HA end point was recorded . The 

Haemagglutination unit was defined as the reciprocal of the highest dilution of the virus 

which caused complete agglutination with an equal volume of appropriately diluted RBC. 

This end point was obtained for each of the viral antigen and was termed as I HA unit. 

Based on the I HA unit information, the 4HA va lues for each of the viral antigens were 

ca lcu lated . The 4HA unit for each of the viral antigen was a given dilution \-vhich was a 

di luti on in the fourth-well lo\ver than the I HA unit where the last HA was observed. 



4.2.2 Haemagglutination Inhibition (HI) Test: Haemagglutination inhibition (HI) assay 

was used to assess the Seroprevalence of my viral antigens in the serum samples as 

previoLlsly described (Beard 1970). Briefly, the serum samples were added in 96-well 

rOLlnd bottom microtitre plates. The first working dilution for all serum samples was made 

as 1:5 in PBS in the first well, followed by a two-fold serial dilution up to the last well in 

each column. To each well , 25 III of 4HA units as determined previously of my antigen 

was added. The plates were incubated at 37°C for 30-40 minutes . After this incubation 

period, 50 III of 0.5% chicken RBCs suspension (diluted in PBS) were added into each 

well. The plate was agitated to ensure proper mixing of the well contents and reincubated at 

room temperature for up to 30-45 minutes or until a clean pattern of haemagglutination or 

haemagglut ination inhibi tion (button formation) was observed. The maximum dilution of 

each serum sample causing inhibition of haemagglutination was used as the end point. The 

HI titre of each serum sample was expressed as reciprocal of the serum dilution (top to 

bottom). The results of HI titre of all the sera thus obtained were subjected to statistical 

analysis. 

4.2.3 Statistical Analysis of the Titres: The Geometric Mean Titre (GMT) was calculated 

as described in appendix I by taking an average of well numbers showing HI activity from 

all serum samples within one flo ck. This well number average \-vas then cross-checked 

against GMT values given in the Brug 's table and were then reported as the GMT for a 

given flock against a particular IBY antigen . 
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4.3 Detection of IBV Antigens in «Clinically Suspect" Chickens 

4.3.1 Tissue Analysis: The presence of M-41 IBY antigens as an ev idence of IBY 

prevalence in commercial chickens was examined. M-41 strain was used as a 

"representative" of the IBY prevalence since the initial seroprevalence studies indicated 

that the highest incidence of IBY strains in commercial chicken popul ation was of that of 

M-41 IBY strain (Layers = 100% and broilers = 67%: overall = 88%, Table 5) as compared 

with the rest of the IBY strains. To accomplish this, the internal organs namely trachea, 

lungs, kidneys and ceacal tonsils were collected aseptically from chickens submitted to the 

diagnostic laboratory as suspected cases of infectious bronchiti s. These samples were 

transported back to the laboratory on ice. From each of the tissue under examination, a 

4mm 3 piece of infected tissue was embedded in the OCT embedding media (O.C.T. 

compound Miles, Inc. , USA) . The tissue blocks when fro zen and hardened, were sectioned 

at 4 micron size by using the refrigerated microtome (Miles, USA) at -20°C.The section of 

the tissues were placed on properl y labeled slides and kept at room temperature for about 

15 minutes . The air-dried slides were immersed in ice cold acetone (-20°C) for tissue 

fi xation 10 minutes . Slides were then stored at -20°C till tested for IFA. 

4.3.2 Reagents and Standard ization for Indirect Immunofluorescence Assay: The anti 

M-4 1 strain serum was obtained from commercial sources (Gezondheidsd ienst voor 

Dievenb,v (G.O) Netherl ands) for use in these studies, In addition, a batch of anti M-4 1 

hyper immune serum was also prepared aga in st the vaccine strain (Intervet In t. The 

Netherland s) of M-4 1 IB V. This was accompli shed by utilizing two weeks old 

unvacc inated broiler chi cks raised under controlled env ironment . These ch icks were tested 
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and found negati ve aga inst IBY antibodies by Agar Gel Precipitation Test (AGPT). The 

M-4l vacc ine strain was treated with 0.1 % formaline and the mixture was kept overnight 

at 4C. After 24 h, this mixture was blended with an equal vo lume of Complete Freund 's 

Adj uvant (OIFCa Laboratories, Detroit, Michigan, USA). From the resulting suspension, 

six ch icks were inj ected with 0.5 mL per bird subcutaneous ly and four chi cks were kept as 

uninoculated controls. A week later, a second inactivated preparation was made similar to 

the first one, except that Incomplete Freund's Adjuvant was used . A booster inject ion 

emp loyed 0.5 mL per bird injected subcutaneously. Blood samples were co llected on 

intervals up to six weeks post boost. The sera were co llected and tested for antibodies 

aga inst IBY MAl strain using AGPT and/or IFA. Finally, after six weeks , the positive 

birds were bl ed for serum collection. The blood was also collected from the uninoculated 

bi rds to serve as negative control for fu ture use. 

4.3.3 Standardization of IFA: The working dilution of the anti-MAl antibodies and the 

FITC-labeled secondary (rabbit anti-chicken IgG, H&L, FITe labeled, Sigma) antibody 

was estab li shed in a preliminary trial in which specific pathogen free (SPF) chicks hatched 

from eggs obtained from Yety Care (Intervet) Islamabad , Pakistan were utilized. These 

day old chicks were reared in isolation and at 7 days of age, 4 chicks were inoculated with 

IBY, intranasal , at a dose of 10 8 EID 50. Two SPF chicks were kept as negative control. At 

48h post inoculation, the chicks were euthanized and infected lungs , trachea and kidneys 

were processed for sectioning and fix ing as described earlier. For reagents standardization, 

two-fold dilutions of the hyper immune serum for IBY M-41 were made in PBS (pH 7.2) 

(1:10,1 :20 and 1:40). Each dilution was applied on three ti ssue slides, whereas one slide 
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acted as negative contro l. The serum was allowed to react for 30 min at 37°C in a moist 

chamber. The slides were washed thrice in PBS (pH 7.2) for 5 minute each. Dilution of 

FITe conjugate were also made in distilled water as I: 1 00, 1 :200 and 1 :400, which were 

applied on the slides in the way that each dilution of conjugate is app li ed on 3 dilution of 

the hyper immune serum (Table 1). The slides were incubated as above and washed 

simi larly using PBS (pH 8.5). The slides were counter sta ined with Evan's blue and 

mounted . The results were recorded . The best combination of anti sera and conjugate were 

selected on the basis of acceptab le amount of background fluorescence of conjugate and 

prominent tissue structures. The serum samples from uninfected control chicks were used 

as negative controls and tested similar to the hyperimmune serum samp les for conjugate 

titration as described in Table I. None of the conjugate dilutions, i.e. , I: I 00, I :200, and 

I :400 produced a positive fluorescence and therefore was considered as backgroLtnd 

fluorescence relative to the test samples. 
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Table 1: Standardization of reagents for Indirect Immunofluorescence Assay. 

DILUTION OF DILUTIONS OF HYPER IMMUNE SERUM 
CONJUGATE 

1 :10 1:20 1:30 1 :40 
1: I 00 - - - -
1:200 ± ± ± -
1 :400 - + - -

"+" Satisfactory; " " Unsatisfactory. 

37 



4.3 .4 Indirect Immunofluorescence Assay (IF A): Lung and Tracheal sect ions mounted 

on glass slides were flooded uniformly onto the tissue section area with hyperimmune lOll I 

of I : 10 diluted my hyper immune serum. The slides were incubated in a humidified 

chamber at 37°C for about 30-40 minutes. After thi s incubation , the slides were washed 

with PBS (pH 7.2) , thrice for 5 minutes each. After the last wash, the slides were air dried 

and 25 111 of I :200 dilution of rabbit anti-chicken FITC- conjugated secondary antibody 

(I gG H&L) was added over the tissue section area and the slides re- incubated at 37°C for 

another 30-40 minutes in the humid chamber. The I: I 0 dilution of hyper immune serum 

and 1 :200 dilution of the FITC-conjugated secondary antibody was used to account for 

possible reduction in antibody activities during storage. Slides were again washed with 

PBS (pH 8.5) , thrice for 5 minutes each. After the last wash, the slides were counter stained 

with Evan's blue stain for I minute and rinsed with disti ll ed water. After drying, a drop of 

the FA mounting media was added to the section area and a glass covers lip was mounted 

on the section. The stained slides were refrigerated until viewing under a fluorescent 

microscope. The presence of fluorescence in the nucleus and/or cytoplasm of cells were 

considered as an indicator of a particular section bein g positive for IBY antigen. The 

caecal tonsils and kidney sections were not included in this study due to a limited amount 

of the reagents available for this analysis. Representative samples from each tissue type 

were also sham-treated with serum samples from control chicks to gauge the background 

level of fluorescence. Such fluore scence was found to be non-specific and was taken into 

considerat ion relative to the test sample results. 
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4.3.5 Preparation of tissue homogenate: Infectio us bronchiti s virus antigen-positive 

tracheae and lungs (n = 75) as determined by the IFA test were used for the preparation of 

tissue homogenates for use in subsequent analysis . Briefly, the tissues were minced with 

sterile scalpels and scissors in GKN buffer with antibiotics added (See Appendix 2 for 

composition). The resulting suspension was transferred in a steri le tube, washed once with 

GKN , and then minced aga in with a steri le syringe plunger. The resulting homogenate was 

frozen and thawed three times to release viruses from the ce lls. The preparation was then 

centrifuged at 1500 rpm for IS minutes at lO°e. The supernatant was co ll ected and pellet 

discarded . Finall y the supernatant was filtered through 0.2 ~lIn filter (S and S; USA), and 

the filtrate obtained was stored in al iquots of2 ml at -20°C till used. 

4.3.6 Detection of IBV in tissue homogenates: The tissue homogenates supernatants 

were tested for viral activ ity (presence) using direct HA, HA after treatment with 

phospholipase C, AGPT, and RT-PCR. The HA test was performed as described in the 

earlier section . The supernatants were diluted in two-fold dilutions and tested against 

chicken erythrocytes for direct HA activity. In order to exami ne the effects of enzymatic 

pretreatment on IBV HA activity present in the tissue homogenates, the homogenates were 

treated with phospholipase-C (Sigma). This was done by incubat in g 500 1-11 of tissue 

supernatants with 2 mL of I M solution of Tris-HC I buffer (pH 6.5) . After mixing, the 

samples were placed on an ice bath . Phospholipase-C type I enzyme was thawed and 35 1-11 

were immediately added to the homogenate supernatant-Tris HCI suspension . The samples 

we re then placed in a water bath at 37°C for t'vvo hours. These treated supernatants were 
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then tested for HA activity in order to see any change from the HA activity observed by 

using the direct HA test method . 

4.3.7 Agar Gel Precipitation Test (AGPT): Agar Gel Precipitation Test (AGPT) used in 

this study was according to a previously described method (Crowle, 1973). The agar gel 

was prepared in Petri dishes (See Appendix 3). The wells in the agar gel were cut using a 

template capable of making seven satellite wells. The agar from the wells was removed by 

means of a needle and to the central well 30 ~d of known IBY antisera (anti-M-4I) was 

added, while in the peripheral wells 30 ~I of test antigen (supernatant samples) were added. 

The plates were incubated at 3rC for 48 h in humidified chamber to avoid drying. The 

res ults were recorded after 24 to 48 h by observing the plates aga inst an illuminated li ght 

source with a dark background. A white precipitin line between the antigen-ant ibody 

wells was considered as a positive result. 

4.3.8 Detection of M-41 IBV in tissue homogenates supernatants by Reverse 

Transcriptase-Polymerase Chain Reaction (RT -PCR): 

4.3.8.1 RNA Extraction: RT-PCR test was performed on supernatant samples against M-

41 IB Y strain. For RNA extraction from the homogenate supernatants, the samples (3 mL) 

were centrifuged at 14000 rpm for 5 min and the supernatants were collected for RNA 

extraction. To this sample, 200 ~I of diethylpyrocarbonate (DEPC)-treated \-vater was 

added . Then 600 ~l of Trizol LS reagent was added , mixed by repeated pipetting and 

incubated for 5 min at room temperature. At this point, 200 ~I of chloroform was added 

and mixed gentl y. This mixture was then incubated for 10 min . at room temperature and 
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then centrifuged at 14000 rpm at 4°C for 5 - 8 111ll1. The supernatant fractions were 

collected into new micro centrifuge tubes. At this point, 300 III of isopropyl alcohol were 

added and the reactions incubated at room temperature for 10 min . The preparation was 

then centrifuged at 14000 rpm for 10 min. The supernatant was discarded and 500 III of 

70% alcohol was added but not mixed. Tubes were then centrifuged at 14000 rpm for 5-8 

min. The supernatant was discarded and the samples were air-dried under hood. The 

resulting pellets were suspended in 20 III of DEPC-treated distilled water, incubated at 

37°C for 20 min and then kept at -20°C. The extracted RNA was later quantified by 

spectrophotometer. 

4.3.8.2 RT-PCR Protocol: A One-Step RT-PCR protoco l was used by employing 

cMaster™ RT Kit (Eppendorf, 111ternational) and following the manu fac turer's 

instructions. Briefly, a master mixture containing the primers, dNTPs, RTplus. PCR buffer 

and the enzymes was prepared following the manufacturer 's instructions and kept on ice. 

The template RNA was added into each reaction sample individually and the final reaction 

volume was adjusted with RNase-free water. The reagents were thawed completely before 

use and kept on ice during working. The mixed reagents were spun down before setting up 

the reactions . A master mixture was prepared for each reaction depending on the number of 

samples to be tested (Tab le 2) . The required master mixture I was dispensed into each 

0.2ml PCR tube kept on ice. The desired volume of master mixture 2 (template RNA , max 

10111/5011 1 or 5111120111 reaction) was added to the master mixture I in each peR tube. The 

caps were closed immediatel y and the mixture was spun down briefl y to co ll ect the 

reac ti on mi xture at the bottom of the tubes . The reacti on vvas placed in a thermal cyc ler, 
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equilibrated at the appropriate incubation temperature of the RT-PCR react ion step (Tab le 

3) and the desired one step RT-PCR program was initiated. The amplified RT-PCR 

products were run on 0.8% agarose gel in 1 X TB E following Davis and Sambrook (Davis 

et al. , 1994, Sambrook et aI. , 1989). A total of 12 fll of the PCR product (10 fl l of RT -PCR 

product plus 2 fll of loading dye), mo lecular weight marker, my RNA as positive control , 

and a normal cell RNA as negative control were run in parallel. The presence of marker 

and PCR product bands was visualized with a hand held UY light. The gel was documented 

with a photograph and the size of amplified fragment was compared with the markers . 
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Table 2: Setting-up of One Step RT-PCR Reactions 

Components SO,u1 2 Old Final concentration in 

reactions reaction the reaction 

MASTER MIX I 40ld IS ,ul -
RNase free water. Upto 40,u1 Upto IS,u1. 

RT plus PCR buffer with Mg ++ S ,ul 2pl Ix: 2.SmM Mg++ 

DNTP mix(IOmM each) lId 0.4 It! 200uM 

C-Master R T enzyme O.S Id 0.2S Id O.ISU/ ld 

C-Master PCR enzyme mix. 0.4-0.S ,ul 0.21d O.04-0.0SUI It! 

Prime RNase inhibitor solution O.S Id 0.21d O.OIU/ ltt 

Forward primer I ,u I I ,ul 200-400nM. 

Reverse pri mer lId lId 200-400nM 

MASTER MIX 2 10 Iii S Jd 

Template RNA I pi I ,u I Ipg-I Jig of total RNA 

RNase free water Upto IOld Upto SIt! 
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Table 3: Program Parameters for one-step RT-PCR 

Cycles Step Temperature Time Description 

I I 42°e 55mins Reverse Transcription 

I 2 94°e 2mins Initial Denaturation. 

3 94°e 15secs. Template Denaturation. 

4 500 e IO-20secs. Primer Annealing. 

30 5 68°e 2mins. Primer Extens ion/e longation . 

1 6 noe 2mins. 

I 7 4°e IOmins. Until usage . 
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Table 4: Specific M-41 primers used for RT-PCR against IBV 

SEQUENCE (5' - 3') BASES 

IBV- l (FORWARD) CATAACTAACATAAGGGCA. 19 

IBV-2 (REVERSE) TGAAAACTGAACAAAAGACA. 20 

From: Huang et aI., 2004 . 
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4. 3. 9 In Ova Passaging of T issue Homogenate Supernatants for IBV propagation and 

teratological effect studies: 

Tissue homogenate supernatants found positive for MAl IBV strain in RT-PCR analysis (n 

== 43) were passaged in embroynated eggs to determined the IBV -associated teratological 

effects as well as collecting allantoic and amniotic fluid as a source of IBV virus for further 

viral neutralization studies. For this purpose, II days old embroynated eggs were candled 

to check the viability of the embryos. The position of the embryo and air sac was also 

marked . The broader end of the eggs was disinfected with 70% ethanol. A hole was 

drilled in the middle of the eggshell at the broader end. With the help of a syringe fitted 

with I inch, 23-gauge needle, 0.2 ml of the viral inoculum was injected through the hole 

into chorioallontoic fluid. The hole was sealed with molten candle wax and the eggs were 

reincubated at 37°C. Eggs were cand led after 24 hours post-inoculation and the eggs with 

dead embryos were discarded. 

The eggs were reincubated for 8-9 days after which they were candled and chilled for 2 

hours by placing them in refrigerator. The broader end of an egg was wiped with 70% 

ethanol and with the help of sterile scissors and forceps the shell was cut and removed. 

The membrane was pierced with the help of a di sposable syringe and allantoic and 

amniotic fluid was collected . This set of passage was termed as Passage # I. All embryos 

were opened to examine any teratological effects . The allantoic and amniotic fluids 

collected from passage # I were then inoculated into another set of embroynated eggs 

simila r to the passage # I. Thi s passage scheme was repeated for five times . At each 

passage, the allantoic and amniotic fluids were collected , and the teratological effects 
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examined . Any embryonic deformity such as dwarfness, stunting, curling, urates deposits, 

etc . were recorded on a scale of one "+" to four "++++" with four ++++ being the most 

severe teratological effect. The allantoic and amniotic fluids were stored at -20°C till 

further analys is. 

4.3 .10 Viral Neutralization Studies: Yiral neutralization (YN) assay was used to 

determine the presence of IBY variants in the allantoic and amniotic fluids obtained from 

embryonic passages of the tissue homogenate supernatants. Only those supernatants were 

selected for YN studies_which had exhibited teratological changes ( 13 out of 43) . 

Furthermore, since the starting material for the homogenate supernatants was tissues from 

clinica ll y my suspect chickens which presumably would have multiple my variants, 

therefore, the YN studi es were conducted against M-41 as we ll as against' 0 -274, 0 -1466 

and 4-91 my strains. For this purpose, the all anto ic and amn iotic fluid as a source of IBY 

was harvested from eggs with highest teratological effects. The viral neutralization of 13 

such samples was examined by inoculating 11 days old embryos (five embryos per sample 

per each of the five, ten-fo ld dilutions) with varying viral dilutions pretreated with 1: 5 

diluted serum from various IBY strai ns (diluted virus , constant serum method). At seven 

days post inoculation, embryos were harvested and observed for IBY-typical lesions such 

as stunting, curling and urates. The absence of any terato logical effect as an indication of 

virus neutra li zation was recorded as "+" sign and with a "-"sign to the contrary for the 

corresponding [B V variant. 
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A neutralization index (NI) was calculated by using the Embryo Infective Dose 50 (EID 50) 

procedure. This procedure was used to calcu late the titre of infectious agent to the extent 

that the determined dose could affect 50% of the infected embryos. For this purpose 10-

fo ld dilution of the virus were prepared in PBS (pH 7.0) rangi ng from 10-1 to 10-5• Nine 

days old embroynated eggs were divided into 5 groups of six eggs each and were 

inoculated with O.2ml of relevant dilution via allantoic route. Eggs were placed in an 

incubator and inspected periodically for embryonic viability . After 48 hours, eggs were 

harvested and allantoic fluid obtained aseptical ly and processed. HA was performed to 

determine viral presence. The number and group of eggs showin g infect ivity was recorded 

and EID50 was calculated following the method described by Reed and Muench (1939) by 

using the following data calcu lations . 

• Proportionate distance = % infectivity at dilution next above 50% - 50% / % 

infecti vity at dilution next above 50% - % infectivity at dilution next below 50% 

• -ve log of EID 50 = -ve log of dilution above 50% infectiv ity + Proportionate distance 
factor 

Log of EID 50 = calculated EIDso 

(Please see Appendix 4 for add iti onal details). The NI value of ~ 3.0 was cons idered to be 

antigen ically similar to the corresponding anti sera, whereas the NI va lue of .::: 2.0 was 

considered se rotyp ica ll y unrelated to the corresponding antisera. 

4.3.11 Quantification of IBV Variants Antigenicity 

4.3 .11.1 Vaccine Preparation: In order to determine if the iso lated variants of IBV were 

immu nogen ic (6 MA l positive fluids. 3 0-274 positive, 3 0 - 1466 positi ve, and I 4-9 1 

posit ive am ni otic fluid s), the amnioti c fluids with simil ar IBV vari an t reactivity were 
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pooled. A whole virus vacc ine was then prepared by mixing two mL of each virus sample 

with 20 III of 0.5% formaldehyde. The mixture was left at room temperature for 24 h on 

rotating platform to inactivate the virus. The alum-precipitated vaccine was then prepared 

by using potassi um alum and sod ium hydroxide. A 10% sol ution of potassi um al um (6 111 L) 

was mixed with 0.25 N NaOH (13.68 mL) added drop wise whi le vortexing. The solution 

was incubated at room temperature for 10 min. After centrifugation at 1000 x g for 10 min 

the supernatant was removed and discarded. To the pellet, 6 ml of sterilized distilled water 

was added and pellet was resuspended. The resultant solution (8.4-ml) was divided equally 

in 6 small test tubes . The tubes were centrifuged at 1000xg for 10 min. Supernatant was 

discarded. 0.75 ml each offormalin inactivated !BY serotype MAl , D-1466, D-274 and 4-

91 was added to pellet in respective tube. Tubes were incubated at room temperature for 20 

min. Alum precipi tated antigen was stored at -4°C fo r over ni ght. To confirm that all the 

vira l polypeptides have precipitated with alum and that there is no polypeptide in unbound 

form , the precipitate so lution was centrifuged at 16,700 x g for 10 min and supernatant was 

tested by AGPT along with control. After 48 hour no precipitation line was formed in test 

wells while precipitation line was formed between control wells. This confirmed that viral 

polypeptides had comp lete ly bound to alum precipitate and there was no unbound 

polypeptide left. 

4.3.11.2 Vaccine Testing: The prepared alum-precipitated vaccines of various {BV strains 

were used to immunize 7 days old ch icks. These chicks were pre-bled at one day and 7 

days of age to assess the baseline anti -!BY titers. On day seve n. chicks ""ere randomly 

assigned to four groups of 30 chicks per group. Immunizations were carried out by 
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emu lsifying the vaccines in incomplete Freund ' s adjuvant. Each ch ick was inj ected with 

0.1 mL of the vaccine subcutaneously. The chickens were bled on t h and 14th day post first 

injection and blood was col lected fro m wing vein in small tubes. Tubes were kept for 30 

minutes at room temperature to al low the blood to clot. The clot was dislodged from the 

surface of the tubes with fin e need le. The tubes were then refrigerated overnight, 

centrifuged at 800 x g for 10 minutes at lOoe, and the sera was separated and stored at -

200e unti I used . The booster dose was given to the birds at 28 days of age (14 days post 1st 

injection) . The blood samples were collected on t h days post boost, sera separated and 

stored at -20oe till used . All the sera were tested for antibodies aga inst co rresponding IBY 

variant by HI assay. 
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5. RESULTS 

Sero-prevalence of varioLls in fect ious bronchitis virus variants in commercial layer and 

broiler flo cks was examined and is repotted in Table 5. A total of 25 flocks including 16 

layer and 9 broi ler were included in this study. Layer flocks ranged from 12 - 50 weeks of 

age whereas the broil er flocks were between the ages of 23 - 48 days. Blood samples 

collected from 20 chi ckens randoml y selected from each of the 25 chicken flocks were then 

subjected to sero-anal ys is usin g Haemagg luti narion Inhibition (Hf) assay. Infectious 

Bronchitis Yirus (IBY) strain M-41 was found to be most prevalent in which this strain was 

present in 100% of layer flocks and in about 67% of bro iler flocks with an overa ll 

combined incidence of 88% in all flocks tested (Tab le 5 and Figure 7). The incidence of 0 -

274 IBY strain was about 44.0% in layers and 33.3% in broiler flocks with an overall 

percentage of 40% in all flocks tested (Table 5 and Fi gure 7). The incidence of !BY 0-

1466 strain was 50% in layers and 55.5% in broiler flocks with an overall percentage of 

52% in all flocks tested (Tab le 5 and Figure 7). The incidence of!BV 4-9 1 strain was the 

lowest in which only 12.5% of the layer flocks tested were found to be sero-posit ive for 

strain 4-9 1. None of the broiler flocks were fo und to be sera-positive for !BV 4-9 \ serotype 

(Table 5 and Figure 7). The overall fl ocks sero-positively percentages indicated that the 

IBV stra in M-41 had the highest incidence (88%) out of the four serotypes these f10cks 

were tested for. The !B V strains 0 -274 and 0 - 1466 were of in termediate prevalence in all 

chicken flocks tested (overa ll 40% positive for strain 0-274 and 52% positive for strain D

\466). The !BV strain 4-9 \ \-vas fo und to be of the lowest incidence (8%) amongst all 

f10cks tested (Table 5). The Haemagg lutination Inhibition (H I) titres as an indi cator of the 

magnitude of infect ious bronchitis virus exposure to these f10cks were also recorded 
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against all four IBV serotypes. The HI titres represented as the Geometric Mean Titres 

(GMT) for IB V MAl strain ranged from 65 - 115 in layer flocks and 55 - 110 in broiler 

flocks tested (Table 5). These titres were therefore very comparable between the layer and 

broiler flocks. The GMT range for HI titres against 0 -274 was 70 - 180 in layer flocks and 

60 - 160 in broi IeI' flocks (Table 5), apparently a little more intense sero-positivity in layers 

than in the broilers. The HI titres against 0 -1466 had the lowest range when compared to 

the rest of the IBV strains. The layer flocks had a range of 55 - 105 GMT whereas the 

GMT range for the broiler flocks was 40 - 80 (Table 5). Since none of the broiler chicken 

flocks were positive for IBV strain 4-91 , no GMT was observed . However, the GMT range 

for the IBV strain 4-91 was 40 - 160 in the layer flocks which were sera-positive for strain 

4-91 (Table 5). When comparing the HI GMT range of 40-160 of layers against IBV strain 

4-91 , it is apparent that some of the strongest HI response (i.e. , 160) was observed in the 

layer flocks against IBV strain 4-91 as compared with the rest of the IBV strains (Table 5). 

Figure 2 is simply a graphic representation of the incidence of various IBV serotypes in all 

layer and broiler flocks. The data bars depict that the commercial flocks exhibited highest 

incidence of sero-positivity against IBY strain M-41 and the lowest incidence of IB Y strain 

4-91 whereas the sero-positivity against IBV strains 0-274 and 0-1466 was intermediate 

for both layer and broiler flocks . 

Based on the sera-prevalence data reported in Table 5 and Figure 7 in which IBY strain M-

41 was found to be the most prevalent serotype in chicken flocks , the presence of M-41 

IBV antigen in lungs and tracheas of IBY suspected chickens were examined. The organs 

(lung, trachea: kidney and ceca l tonsils) from IBY infected or suspected chickens submitted 
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through the poultry diagnostic lab were cryo-sectioned and subjected to indirect 

immunofluorescence assay . The anti M-41 (rabbit anti mv M-4I) antibody was employed 

for antigen detection in these sections. As shown in Table 6, 40% of lungs (60 out of 150 

lung samples) from these mY-suspect chickens were found to be positive for M-41 m V 

antigen. On the contrary, a fewer numbers (i.e ., 10%) of trachea (15 out of 150) were 

detected as positive for M-4l m V antigen. The tissues were considered positive if the 

intensity of fluorescence in the test sections was specific and/or significantly greater than 

any observable background fluorescence in the control sections obtained from known 

healthy chicken tissues. Kidneys and ceacal tonsils were not tested for my antigen 

presence (due to the shortage ofreagents) but were used in subsequent studies. 

The lungs and trachea exhibiting positive reaction for M-4l anti gen as determined by 

immunofluorescence assay (Fig. 4 & 5) were pooled and homogenized alon g with kidneys 

and ceacal tonsils from mv suspected chickens. The supernatants were then subjected to 

confirmatory analysis via direct haemagglutination (HA) test and HA after treatment with 

phospholipase C enzyme. The results are shown in Table 7. Out of a total of 75 lBY

positive samples (as determined by immunofluorescence assay), the homogenates of only I 

sample was detected positive for M-41 antigen in the direct haemagglutination assay. This 

amounted to be 1.3 % positivity. However, after treatment \-vith the phospholipase C the 

detection limit for the direct haemagglutination assay increased significantly in that 23 out 

of 75 samples exhibited positive haemagglutination against M-4 I antibody (Table 7) . 

Therefore, the overall detection for M-4 I antigen in 75 tissue homogenate samples 

increased from 1.3% to 30.6% (Table 7) . Agar gel precipitation test \vas used as another 
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indicator of the presence of IBY M-4 1 antigen in the tissue homogenates as described in 

the material and methods section. In addition , the reverse transcriptase polymerase chain 

reaction (RT-PCR) was used as a molecular test to detect the M-41 IBY strain sequences in 

the tissue homogenates. For RT-PCR assay, the primers selected were representative of the 

S I gene specific set of S IOLIG05 ' and S 1 OLIG03'. As shown in Table 8, only 4 out of 

75 samples (5.3%) were found positive against M-41 antibody in the agar ge l precipitation 

assay. However, when tested against M-41 specific primers in the RT-PCR assay, a 

significantly higher numbers of samples (43 out of 75; 57.3 %) showed a PCR product 

around 1700 base pair (Table 8). Figure 8 represents an examp le of RT-PCR positive 

samples in lanes I through 6. Lane 7 represents the positive control in which an M-4 I 

vaccine strain of IBY was amplified using the same IBY primer sets. The lane "M" served 

as the molecular marker. The position of PCR products for the M-41 IBY strain in 

homogenate samples is shown by an arrow and was determined to be around 1700 base 

pairs. 

Since tissue samples from 43 chickens were found positive for the presence of M-41 gene 

sequences with RT-PCR in the crude tissue homogenates, an experiment was conducted to 

see the effect of these homogen ates on developing chicken embryos. This was based on 

the presumption that the positive RT-PCR product in these samples would be indicative of 

the presence of M-41 18 V strai n. All 43 RT-PCR- positive homogenates were inoculated 

into II-days old embryos (15 embryos per homogenate. 3 embryos per passage) via 

chorioallanto ic cavity. The embryos were observed daily over a seven day period post 

inoculation. These embryos were then opened on days four or seven for any observable 
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effects on the growth and development of the embryos in response to the homogenate 

exposure. As indicated in Table 9, the exposed embryos from 13 out of 43 RT-PCR

positive samples exhibited significant teratological effects as evidenced by dwarfing, 

curl ing, stunting and urates deposits (Fig 6). The severity of these effects was also recorded 

upon visual observations. It was clear that as the embryonic passage numbers increased, the 

effect on embryonic development, such as dwarfing, cur ling and stunt ing became more 

pronounced , i.e., from a scale of one "+" positive to two "++" to three "+++" or to four 

"++++" positive (Table 9) . 

The allontoic fluid from embryos showing teratological effects was collected and examined 

for vira l neutralization (VN) activity against various !BY strains (Table 10). Allantoic 

fluid as a source of !BY was harvested from eggs with highest teratological effects. The 

viral neutralization of 13 such samples was exam ined by inoculating II-days old embryos 

(five embryos per sample per each of the five, ten-fold dilutions) with varying viral 

dilutions pretreated with 1:5 diluted serum from various [BY strains (di luted virus , 

constant serum method). At seven days post-inoculation, embryos were harvested and 

observed for !B Y -typical lesions such as stunting, curl ing and urates . The signs "+" 

indicate the number of samples neutralized against the corresponding !BY strain antisera. 

Neutral ization index (N!) was calculated by the method of Reed and Muench (1939) as 

described in the methods section. The NI value of2: 3.0 was considered to be antigenically 

similar to the corresponding antisera, whereas the NI value of S 2. 0 was considered 

serotypical ly unrelated to the corresponding antisera . 
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As expected, virus neutra li zation effects against M-41 antisera were maximum in which 6 

out of 13 samples showed viral neutralization activity (Table 10). Viral neutrali zat ion 

activity against antisera from 0-274, 0-1466, and 4-91 was observed in 3, 3 and I sample, 

respectively. Yirus neutralization index (NI) ranged from 3.6 to 4 for M-41 positive 

samp les, 3.2 to 4 in 0 -274 positive samples, 3.2 to 3.8 in 0 -1466 positive samples and 3.6 

in 4-91 positive samples. All VN-negative samples had minimal NI values, which ranged 

from 0.1 to l.2 across various IB V strains antisera (Table 10). 

The last experiment was conducted to see if the !BY strains present in allontoic fluid could 

be immunogenic if used as a vaccine after viral inactivation. The data are shown in Table 

II . Allantoic fluid containing individual !BY strains (M-41 = pool of 6 samp les; 0-274 = 

pool of3 samples; 0-1466 = pool of3 samp les ; and 4-91= pool of 1 samp le) were mixed 

with 0.5% formalin and incubated for 24 hours at 37°C . At this point, 10% alum was added 

and allowed to mix by agitation for 2 hours. Broiler chicks were then injected 

subcutaneously with 0.1 cc per chick and bled at stated days for HI titers. Anti-IBV strain 

antibody titers were then monitored by using HI technique. The baseline constitutive levels 

(i .e., maternal) of anti-!BV strains were monitored for back ground purposes. The chickens 

tested positive against only M-41 strain antigen indicating a minimal level of back ground 

HI titers. None of the other strains tested positive for maternal antibody titers at day I and 7 

of age (Tab le 11). The serum samples collected after 7 and 14 days of first injection 

(primary response) showed an elevated level of antibody titers against all !B V strains. 

Comparatively, anti-M-41 response was the hi ghest with a GMT range of 55-68 and 104-

274 at 7 and 14 days post-first immun ization respectively. Response aga in st 0 -274, 0 -
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1466 and 4-9 1 was also appreciable and ranging col lectively from 16-64 GMT at 7 days 

post first injection and from 64 - 119 GMT at 14 days post first injection (Table 11 ). As 

expected, the GMT levels against all stra ins were elevated significantly (as observed 

numer ica ll y since no statist ica l was app li ed to the data) when tested on 7 days post booster 

injection (Table 11 ). The hi ghest GMT was observed agai nst M-4 1 antigen with the GMT 

range of 388-630. Booster response aga inst 4-91 was much lower (i.e, 128- 194) as 

compared to the other two (i.e, 0-274 = 168 - 315 GMT and 0 -1466 = 90.5 - 256 GMT). 

Taken together, these data clearly show that the my strains when used in a formalized 

vaccine state can induce a reasonable high antibody response through both the primary and 

secondary immul1 ization phases. 
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Fig: 2. A photograph of chicken trachea infected with IBV. Tracheal exudates 

is prominent in the picture along with trachitis. 
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Fig: 3 A. A photograph showing eggs from an IBV infected layer flock. Misshapen 

eggs with thin shell are a prominent feature. 
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Fig: 3 B. A photograph showing eggs from an IBV infected layer flock Misshapen 

eggs with thin shell are a prominent feature. 
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Fig: 4. A photograph showing IFA positive IBV infected chick lungs. Fluorescent cells 

showing presence of IBV in the tissue (lOOx). 
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Fig: 5. A photograph showing IFA positive IBV infected chick trachea. Fluorescent 

cells showing presence oflBV in the tissue (lOOx). 
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NORMAL EMBRYO (IL) IBV INFECTED EMBRYOS (2C, 3R) 

Fig: 6. A photograph of a 14 day old chicken embryo infected with IBV in comparison 

with the normal 14 day old chicken embryo. The infected 

embryo is showing signs of dwarf ness and curling. 

(L = Left, C = Center and R = Right) 
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Table 5: Seroprevalence of Infectious Bronchitis Virus variants in commercial 
chicken flocks vaccinated with Massachusetts 41 strain of Infectious Bronchitis Virus. 
1 

Strain M- 41 Strain D-274 Strain D-1466 Strain 4-91 

Flocks Flocks HI Flocks HI Flocks HI Flocks HI 
tested Positive Titre2 Pos itive Titre2 Positive Titre2 Positive Titre2 

(#) (#) (#) (#) # 
Layer 16 65- 7 70-180 8 55- 2 40-

16 (100) 3 115 (43.7) 3 (50) 3 105 (12.5)3 160 

Broil er 6 55- 3 60-160 5 40-80 None -
9 (66.6) 3 11 0 (33.3) J (55 .5) 3 (0) 3 

25 22 10 13 2 -
(88) 4 (40) 4 (52) 4 (8) 4 

I. Twenty random blood samples from chickens in each of the 25 chicken flocks were 
collected and the sera tested for the presence of antibodies against the indicated strain 
antigens by using Haemagglutination Inhibition (HI) assay. Layer flocks ranged from 12-
50 weeks of age whereas the broi ler flocks were between the ages of23 - 48 days . 

2. 

3. 

Values in these columns represent the range of HI titres calculated as the grand 
Geometric Mean of 320 blood samples for layers and 180 blood samples for 
broilers (total 500 samples). 

Values in parenthesis represent percent incidence of a given serotype In the 
correspondin g flock type. 

4. These values indicate combined percentage incidence in all 25 flocks tested. 
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Figu re 7: Ser o-prevalence of IBV variants in commercial chicken floc ks 
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Table 6: The detection of Massachusetts-41 IBV strain in organs from commercial 
chickens submitted to the diagnostic laboratory as Infectious Bronchitis- suspect 
cases. 1 

Organs N IFA Positive % 

Positive 
Lung 150 60 40 

Trachea 150 15 10 

Kidney 150 NO- NO 

Cecal Tonsi l 150 N02 NO 

1. Internal organs were asepticall y removed · from IBY infected (suspected) chickens 
submitted to poultry diagnost ic laboratory in Rawalpindi. These organs from 150 
individual chickens (broilers and layers combined) were cryo-sectioned and the sections 
subjected to indirect immunofluorescence assay (IFA) agai nst anti -M41 IBY rabbit 
antibody. 

2N~ = Not done. 
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Table 7: The detection of M-41 strain of Infectious Bronchitis Virus in homogenates 
from organs of IBV positive commercial chickens I 

Homogenate DIRECTHA HA AFTER PHOSPHOLIPASE 
CTREATMENT 

Lungs, Trachea, + - + -
Kidney and 

Cecal Tons ils I 74 23 52 

Total 75 samp les 1.3 % 30.6 % 

1. Organs from !BY "positive" chickens (n= 75 as determined by the fluorescence antibody 
stai nin g) were pooled and homogenized . The homogenate was centrifu ges and the 
supernatant further subj ected to confirm atory ana lys is via direct haemagglutinat ion (HA) 
test and HA after treatment with phospho lipase C enzyme. 
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Table 8: The detection of M-41 strain of Infectious Bronchitis Virus in homogenates 
from organs of IBV positive commercial chickens 1 

Homogenate AGPT RT-PCR 
Lungs, Trachea, Kidney + - + -

and Cecal Tonsils 
4 71 43 32 

Total 75 samples 
5.3 % 57.3 % 

I. Organs from IBY "positive" chickens Cn= 75 as determined by the fluorescence 
antibody staining) were pooled and homogenized. The homogenate was centrifuges and 
the supernatant further subjected to confirmatory analysis via agar gel precipitation test 
(AGPT), and reverse transcriptase polymerase chain reaction CRT-PCR). 
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.--1700 bp 

Figure 8: An example of RT -peR product of S 1 gene of the !BY from homogenate 
samples reported in Table 3. Lane 1 = marker; lane 2 = MAl vacc ine strain !BY lI sed as a 
positive control; lane 3 used as negative control ; lanes 4-8 = homogenate samples. The 
position of IBY S 1 gene product amplifi ed with oligonucleotide primers S IOLIG05 ' and 
S 1 OLIG03' is indicated around 1700 base pairs. 
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Table 9: Egg inoculation and Teratologica l effects studies of RT-PCR-Positive IBV 
homogenates: Effects of passage on induction of embryonic effects. ) 

Homogenate Passage #1 Passage#2 Passage#3 Passage#4 Passage#5 
Number 

Embryonic Development Effects (Dwarfing, Curling, Stunting, and Urates) 
1 +2 + ++ +++ ++++ 
2 + + ++ ++ +++ 
3 - + + +++ +++ 
4 + + ++ +++ +++ 
5 + + ++ ++ ++ 
6 + + ++ +++ ++++ 
7 + + ++ +++ +++ 
8 - + + ++ ++ 
9 + + ++ ++ +++ 
10 + + ++ +++ ++++ 
11 - + ++ ++ +++ 
12 + + ++ +++ +++ 
13 - + + ++ +++ 

J. The IBY RT-PCR-positive organs homogenate samples (n=43) were inoculated via 
chorioa ll antoic cavity into the 11 days old embryos (three embryos, 0.1 cc per embryo per 
sample per passage). Embryos were observed four to seven days post inocu lat ion for any 
teratological effects. Only 13 out of 43 RT-PCR-positive samples exhibited IBY-associated 
teratological effects over various passages as indicated . 

2. "+" indi cates live embryo with minimal signs of dwarfing rel ative to contro ls . "++", 
"+++" and "++++" indicate gradua ll y progressive terato logical effect on subsequent 
passages. "-" indicates no observable effect. 
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Table 10: Viral neutralization studies on allantoic fluid from RT-PCR-positive 
embroynated eggs-passaged samples. l 

Allantoic fluid from VN against VN against VN against VN against 
embryos showing M-41 D-274 D-1466 4-91 

+++ to ++++ Antisera antisera antisera antisera 
Teratological Changes + - + - + - + -

(#) 

13 6 7 3 10 3 10 I 12 
Neutralization Index (NI) 3.6 0.1 3.2 0.4 3.2 0.2 3.6 0.2 

Range2 to to to to to to to 
4.0 1.0 4.0 1.2 3.8 1.1 1.2 

1. Allantoic fluid as a source of lBV was harvested from eggs with highest teratological 
effects. The viral neutralization of 13 such samples was examined by inoculating 11 days 
old embryos (five embryos per sample per each of the five, ten-fold dilutions) with varying 
viral dilutions pretreated with 1:5 diluted serum from various lBV strains (di luted virus , 
constant serum method). At seven days post inoculation, embryos were harvested and 
observed for IB V-typical les ions such as stunt in g, curl ing and urates. The signs "+" 
indicate the number of samples neutralized against the corresponding lBV strain antisera. 

2. Neutralization index (NI) was calculated by the method of Reed and Muench as 
described in the methods section. The NI value of2: 3.0 was considered to be antigenically 
similar to the corresponding antisera, whereas the NI value of ~2.0 was considered 
serotypically unrelated to the corresponding antisera. 
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Table 11: Efficacy offormalized vaccine prepared from IBV egg-propagated 
strains. l 

Testing Days 

1 d 7d 7d Post 14d Post 7d Post 
Challenge Baseline Baseline 1st Inject. 1st Inject. boost 

Age = 1 d Age = 7d Age = 14d Age = 21d Age = 28d 

n 

Haemagglutination Inhibition Antibody Titers (GMT Log2 Range) 

M-41 18-26 4.6 - 14.9 55-68 104-274 388-630 30 

D- 274 0 0 32-52 64-97 90.5-256 30 

D-1466 0 0 52-64 90-119 168-3 15 30 

4-91 0 0 16-52 64-90 .5 128- 194 30 

1. Allantoic fluid containing individual IBY strains (M-41 = pool of 6 samples ; 0-274 = 
pool of 3 samples; 0 - 1466 = pool of 3 samples; and 4-91 = pool of 1 sample) were mixed 
with 0.5% formalin and incubated for 24 hours at 37C. At this point, 10% alu m was added 
and allowed to mix by agitation for 2 hours . Broiler chicks were then inj ected 
subcutaneously with 0.1 cc per chick and bled at stated days for HI titers . 
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6. DISCUSSION 

The present study was conducted to monitor the incidence if in fect ious bronch itis in 

commercial chickens in Pakistan . As stated ear li er, this di sease is of significance economic 

concern for poultry producers in Pakistan (Muneer et aI. , 1987) and around the globe (De 

Wit, 2000). The disease is known to cause severe respiratory distress, as wel l as 

reproductive and production losses (poor hatchabi lity, loss of egg production, poor egg 

quality, etc.). The causative agent of the disease, the infectious bronchitis virus (IBY), is 

prevalent world-wide and in all countries with an intensive poultry industry, the incidence 

of infectio n approaches 100 % in most locat ions (lgnjatovic and Sapats, 2000). Pakistan is 

no except ion to most viral and bacterial poultry diseases . There is limited evidence in the 

literature whi ch describes the preva lence of poultry disease in Pakistan. One report 

describes the analysis of 900 serum samples from 23 flocks in Pakistan and reported an 

incidence of three strains of IB Y (M-41 , Arkansas , Connect icut) in Pakistan (Muneer et al. , 

1987) . Therefore, the current study attempted to monitor IBY variants in commercial 

chicken flo cks, with parti cular emphasis on strains not reported before in Pakistan (i .e, 0 -

274, 0 - 1466 and 4-91). In addition, attempts were also made to develop diagnosti c tools as 

well as a poss ible vacc ine against IBY. The assumption was that such technology 

development will enable poultry researchers to properly ident ify and manage this disease in 

Pak istan. 

As is the case with most viruses, the IBY virus also has multiple serotypes. More than 20 

serotypes within IBY have been recogni zed worldwide (Lee and Jackwood, 2000). These 

new strains arise due to rapid recombination , insertions, delet ions or point mutat ion eve nts , 
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predominantly in the S 1 (the spike protein gene) gene resulting in the generation of Mass

li ke and Ark-like IB Y strains (Wang et a!. , 1993). The commercial chicken flo cks included 

in our study were vaccinated with the Massachusetts 41 (MAl) IBY strain , a common 

practice to vaccinate against IBY in Pakistan . This is based on the fact that M-4 I strain is 

known to be most prevalent my strain in Pakistan (Muneer et a!. , 1987) . This study also 

employed serotype identification of IBY field isolates because vaccines are selected based 

on the serotypes of field isolates in a given geographical area. As shown in Table 5, both 

layer and broiler flocks exhibited the presence of IBY with most flocks showing 

seroconversion against M-4 I. This was expected since the flocks used in the current study 

had vaccination history against M-41 IBY strain . Surprisingly, not all broiler flocks were 

positive for M-41. The 3 out of 9 negative M-41 flocks might have been either poor 

immune responders or perhaps (more than li ke ly) due to vacc ine fa ilure. The integri ty of 

vacc ine may have been compro mised due to temperature flu ctuations or quality, both of 

which are very diffi cult to control under the given field conditions of poultry production in 

Pakistan . Furthermore, the integrity of blood/serum samples during transportation from the 

field to the laboratory may also be a factor of observed negativity in broiler flocks. It is 

interesting to note that three previously not reported strains of mY, i.e. , 0-274, 0-1466 and 

4-9 1 in Paki stan were clearly shown to be present, i.e., seropositive, both in layers and 

broilers as documented in this study. While the conclusive evidence of pathogenicity of 

these new variants cannot be established, it is assumed that these three [BY variants may 

also be in vol ved in causing infectiou s bronchiti s in Pakistan. Two additional [BY variants 

were al so detected subsequent to thi s stud y. These included 0-8888 and 0-386 variants. 

Thi s detection was made on field samples received in our NRLPO laboratory. The GMT 
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log2 titers ranged from 16 - 128 and 32 - 256 for the 0 -8888 and for 0-386, respect ively 

(data not shown). These observations suggest that there is a possibility of the presence of 

several other IBY strains in Pakistan. This is perhaps limited only due to the lack of 

avai lab le reagents for sero-detection and sero-typing of IBY in commercial poultry in 

Paki stan. Th e detection capabilities are also hindered due to the fact that the poultry 

production in Pakistan is also not very regulated. While large scale commercial broiler and 

layer operations are fairly well established, there is no restrict ion on raising poultry as a 

back-yard flock. The "domestic" poultry therefore goes complete ly un -noticed and does 

not fall under any "formal " or "official" epidemiological surveillance program . 

Rabbit antisera prepared aga inst avian M-4 1 infectious bronchiti s virus is known to have 

cross reactive ant ibodies against other IBY strains such as T, Holte, Connecticut, 

Beaudette, or H 120 (Collins and Alexander, 1987). Whi le absorpt ion of concentrated M-41 

with various IBY strains removes almost all cross reactivity, the resulting IBY M-41 

antisera still maintains multipl e precipitin lines suggesting significant antigen 

heterogene ity. This may be one of the reasons why several flocks even though vaccinated 

with M-41 exhibited significant levels of detectable antibodies (as measured by the HI 

assay) against 0 -274, 0 - 1466 and 4-91 IBY strains (Table 5). However, it is most like ly 

that the flocks used in this study were also exposed naturall y to various IB Y variants under 

commerc ial management practices. What is surprising is the fac t that the level s of 

antibod ies (reported as GMT range; Table 5) aga in st non M-41 stra ins were also ve ry hi gh. 

However, none of the flocks under our sero-monitori ng stud y exhibited any IB Y

representat ive clinical sIgns. It is we ll recogni zed that the outbreaks of Infectious 
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Bronchitis in vaccinated flocks occur quite frequently, perhaps due to inappropriate 

vaccination or rapid emergence of new strains (Smati et aI. , 2002). 

In addition , the environmental factors (such as heat, mycotoxins, etc .) which can induce 

significant stress on birds have the potential to make the birds immunosuppressed thereby 

increasing the chances of viral infections. For example, Miller and Qureshi (1991 , 1992a, 

b) have shown that chicken macrophages exposed to incremental increase in temperature 

(i.e ., I - 5 Celsius above the physiological temperature) exhibit the induction of several 

heat shock proteins (an indicator of a stress response). When macrophages exposed to 

elevated temperatures were tested for effector functions such as phagocytosis, it was shown 

that this non-specific first line of defense was down regulated in heat-stressed macrophages 

(Mill er and Qures hi , 199 1, 1992 a) . While the Fc-med iated phagocytos is which employs . 

the Fe-portion of the antibody molecule coating an opsonized anti genic target was not 

affected by the heat stress , the phagocytic potential for the unopsonized antigenic targets 

revelted to normal levels once the heat stress was removed. This suggests that the effect of 

heat stress may be transient on macrophage functions . Similar effects on macrophage 

functions were seen in vivo when chickens were exposed to elevetad temperature such that 

their core ph ys iological temperature was elevated above the normal leve ls. In addition to 

the phagocytic function changes, Miller and Qureshi (I 992b) also reported a reduced 

tumoricidal activity in macrophages after heat shock. Similarl y, mycotoxins sLlch as 

aflatoxin has been shown to suppress cell-mediated immune response . Dietert et al (198 5) 

showed that chicks hatched after embryonic exposure to aflatoxin-B I were suppressed in 

graft vs host response as well as exhibited reduced cutaneous basophilic hypersensitivity 
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response. Both of these would affect an arm of the immune response (i .e. , ce ll mediated 

immune response) wh ich is crucial agai nst vi ral infections. In addit ion, Neldon-Oliiz and 

Qureshi (1991) have shown reduced macrophage functions after aflatoxin-B 1 exposure 

where as Qureshi and Hagler (1992) have reported cytotoxicity to macrophages as well as 

reduced tumoricidal activity by macrophages after exposure to fumonisin -B I. These 

examples which show that heat stress as well as mycotoxin exposure compromises immune 

response demonstrate that chickens exposed to these "environmental" factors will be more 

prone to viral infections. 

One aspect of disease outbreaks which is often not paid a great deal of attention is the 

health status of the birds with regards to the latent viruses such as the chicken infectious 

anemia virus. These " latent carrier" states can undoubtedly make the birds more prone to 

infect ions with respiratory viruses such as rBV or av ian infl uenza, just to name a few . 

FUlihermore, such latent viral exposures which mi ght go und etectab le may serve as a bas is 

of immunocompromise leading to secondary infections with bacterial strains (Heggen-Peay 

et aL, 2002). A case in point is the recent outbreak in the 1990's in turkey poults called 

"pou lt enteriti s and mortality syndrome" or PEMS. This disease caused losses worth 

millions of dollars in the United States. While a clear etio logical agent was not ident ified, 

several "novel "enteric viruses such as a turkey variant of an astrovirus and a turkey variant 

of a reovirus were implicated (Qureshi et aL, 2000 ; Heggen-Peay et aL, 2002) . These 

studies also indi cated that PEMS infected poults exhibited red uced bursa l development, 

thymic atroph y, altered macrophage-med iated cytokine profile: reduced 

lymphopro liferative response, and even red uced antibody response. While the nove l 
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PEMS-turkey reo and astro viruses were shown to induce disease , the death was usually 

observed or enhanced when PEMS-poults were infected with secondary bacterial infections 

such as with E. coli. These reports again suggest that in practical poultry production, while 

viral infections can have a primary pathological impact, such effects can become worst or 

even more pronounced in the presence of bacterial infections. 

The poultry producers seek assistance for disease diagnosis through a limited network of 

poultry diagnostic laboratories. Clinically "suspect" birds for !BY are routinely received in 

these laboratories. We utilized some of these birds to monitor the prevalence of M-41 

serotype. This is because M-41 is considered to be the most prevalent !BY strain in 

commercial chickens. We found that indirect immunofluorescence (IFA) can be of good 

value to asses the level of !BV involvement and presence in various tissues of the suspect 

birds. The IFA has been shown to be of value in detecting !BV antigen in infected chicken 

kidney cells and tracheal smears (Yagyu and Ohata, 1990). In our study we found that !BY 

antigen can be detected via rFA in lungs and trachea. Not all organs tested were found 

positive and it was not possible to clearly associate the presence (or absence) of IBY 

antigen with the observance of clinical signs of infectious bronchitis. We did not test 

kidneys and caecal tonsils for IBY antigen. The limiting factor in th is decision was the 

limited supply of our rF A reagents . What was interesting though was the fact that the M-

41 antigen was much more readily detectable in lun gs in which 40% of the samples were 

found to be positive (Table 6) whereas tracheal samples were only minimall y positive 

(15%) . The question to be asked is that is it because the infectious bronchitis virus 

immediatel y translocates to the lungs and uses it as a preferential site of replication or these 
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samples were co llected at a stage of infection which was more chronic. One wou ld expect 

that tracheal tissue wi ll harbor sign ificant amount of the virus by being the source of entry 

through the upper resp iratory tract. Nevertheless , one cou ld argue that with improved 

diagnostic technologies such as RT-PCR the incidence reported based on detection by non

molecular techniques may be vastly different. Thi s is supported by our own study that only 

4 out of 71 samples were found positi ve for M-41 antigen by using the agar gel 

precipitation assay (Table 8) where as out of the same samples the positive percentage 

increased from 5.3% to 57.3% when the RT-PCR technique was used (Tab le 8). 

During the course of this study, we were also interested to see which technique will be 

most rapid and sensitive for the detection of [BY or its antigen in suspect or clinical 

samples. There are several commonl y used methods for such detection namely HA 

(Lashagari and Newm an, 1984), HAl (King and Hopkins, 1983), AGPT (Lohr, 1980 and 

1981) and RT-PCR (Kwon et al., 1993). In our study, we tested the homogenate 

supernatants from M-41 positive lungs and tracheal samp les. Onl y 1.3% of the samples 

were positive with direct HA. However, treatment with phospholipase C enzyme increased 

the detection limit, presumably by exposing (and di sso lving the spike protein S I) the 

prote ins responsible for haemagglutination of erythrocytes (Lashagari and Newman , 1984). 

This increase was from 1.3 % in direct HA to 30.6 % with phospholipase pretreatment. The 

agar ge l prec ipitat ion was not very sensiti ve for detecting IB Y from tissue homoge nates 

since only 5.3 % of the samples were detectable. However, the RT -PCR was most 

sens itive in which 57.3% of the ti ssue samples exh ibited the spec ific vira l product 

representing IBV against the specific primers used. These experiments clearly indicate that 
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pretreatment with phospholipase C and then doing an HA or HAI wi ll be most cost 

effective and pract icall y applicab le under the diagnostic conditions in Pakistan. However, 

if RT-PCR can be estab lished as a routine diagnost ic test, it would by far be the most 

sensitive diagnostic assay. 

The only limiting factor is the cost which becomes prohibitive considering the budgetary 

limitations in Pakistan . Nevertheless, our RT-PCR experiment clearly demonstrates that 

IBY M-41 strain is readil y detectable in homogenate samples from clinically suspect 

infectious bronchitis virus infected chickens. The uniformity of the RT-PCR product at 

1700 bp further indicates that the primer sets used for this experiment were very efficient in 

detecting the IBY genome. It would be interesting to see the prevalence of other !BY 

variants in Pakistan using this sensitive RT-PCR techn ique. While RT-PCR may not be a 

"field friendly" diagnostic test, it certa inly would be a very reliable too l in accurately 

est imat ing the epidemiological incidence of infectious bronchitis in Pakistan. While the 

primer set used for RT-PCR experiment was supposedly M-41 !BY strain specific , there 

always is a possibility that such a primer set may serve possibly as a "universal " primer set 

thereby detecting IBY strains other than M-41 as well. It is therefore, imperative, that the 

findin gs of the current study be cons idered in the light of sLlch a cross-react ive possibility. 

Due to the importance of this di sease for the poultry industry in Pakistan as well as the 

need to establish reliable data on epidemiological , diagnost ic and preventive aspects of IB , 

one recommendation will be to. start a "core" research group to invest igate all aspects of 

thi s di sease. This most certainly 'Nill in vo lve facilities and reso urces as well as the 
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support ing in frastructure to uti lize peR and other modern techno logies (i.e. , information 

from organismal genome sequences etc) to tackle important pou ltry diseases in Pak istan. 

One additional test which involves using embryonic model employs the ability of anti -IBY 

antibodies to neutralize viral effects on embryonic development. It is well known that 

ti ssue homogenate samples are not very virulent to embryos upon first supernatant 

collection (Darb yshire et al. , 1975; Yachida et al. , 1979). However, when passaged 

through el11broynated eggs, the virulence of the viru s as we ll as the teratological effects 

increases significantl y. Wh y the virulence of ce rtain viruses changes upon passaging is 

large ly unknown and vari able depending upon the type of the virus. For example, influenza 

viruses are known to undergo mutational changes when adapted through mouse. Brown et 

al (200 1) have shown that a group of I I mutations can conveti an av irulent virus to a 

virulent variant that can kill at a minimal dose. Thirteen of the 14 amino acid subst itutions 

detected among the clonal isolates were likely instrumental in adaptat ion because of their 

positi ve se lection , location in functional regions of the virus, and lor independent 

occ urrence in other virul ent influenza viruses. Mutation in virulent vari ants repeated ly 

invo lved nuclear loca li zation signals and sites of prote in and RNA interaction, implicat ing 

them as nove l modu lators of viru lence. Mouse adapted influenza variants with the same 

hemagglutinin mutations possessed different pH optima of fu sion, indicating that fu sion 

acti vity of hemagglutinin can be modulated by other viral genes. Therefore, analys is of 

viral adaptat ion by seri al passage appears to prov ide the identifi cation of biologica ll y 

relevant mutations which in the case of the present study seem to have increased the 

terato logica l effects (Table 9) . 
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The RT-PCR positive IBY homogenates of this study were therefore passaged through the 

embroynated eggs and the effect of each passage in embryonic development was recorded. 

The sequential passages of the IBY containing supernatants most certainly increased the 

pathogenicity of virus in the supernatants (Table 9) . The observed teratological effects 

included dwarfing, curling, stunting and urates which were similar to as previously 

reported for IBY (Clark et al. , 1972; De Wit, 2000). It is interesting to note that only 13 

out of 43 RT-PCR positive samples showed teratological effects. While this may indicate 

differential pathogenicity of IBY strains (for M-41 strain) for chick embryos, the fact that 

our starting homogenate material was not one but perhaps a mixture of IBY strains may 

confound our observations. 

Yirus neutrali zation (VN) was used to neutrali ze the IB Y-assoc iated teratologica l effects. 

By using antisera fro m all fou r IB Y vari ants, the effects of IB Y variants present in all antoic 

fluid were neutralized . It is interesting to note that although the homogenate supernatants 

used in the embryonic inoculation studies were pre-selected as being RT-PCR positive for 

M-41 , the allantoic fluids still showed activity for other IBY strains, namely 0-274, 0-

1466 and 4-91 (Table 10). This is possibly due to the fact that the original homogenate 

must have more than M-4! infecting serotypes present in the ori ginal ti ssues. Furthermore, 

there is evidence (as stated earl ieI') of cross-reactivity of strain M-41 antigens with other 

IBY serotypes (Collins and Alexander, 1987). Infectious bronchitis viruses are well known 

for their cross reactivity which might be the reason as to why infectious bronchitis is not as 

critical as the avian influenza in terms of disease outbreaks linked to spontaneousl y arising 

mutational variants almost on dail y basis . For example, the "H" strain of infectious 
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bronchitis was one of the earliest live attenuated IBY vacc ine to be developed and has 

continued to be used in most pal1s of the world for almost 20 years (8ijlenga et aI., 2004). 

This vaccine has been popular because of its abi lity to provide hetero logous cross

protection against a number of IBY viruses of di fferent serotypes and has proven to be one 

of the most widely ll sed li ve attenuated IBY vacc ines. In fact , the H 120 vaccine is possibly 

the most wide ly used li ve attenuated !BY vacc ine globall y to this date (8ijlenga et aI. , 

2004). However, the use of live attenuated vaccines has dec lined significantly over the 

years, especially for the Infectious bronchiti s dues to the availability of more safe and 

hi ghly efficacious inactivated IBY vaccine. 

Nevertheless, the VN test as repol1ed previously by other investigators (Cowen and 

Hitchner, 1975; Wooley et aI. , 1976) was considered as a reliable test to monitor for the 

presence of IBY strains in the embryonic fluids or tissue homogenates . As shown in Table 

10, the allantoic fluid se lected for YN activity monitoring was co ll ected from embryos 

showin g the hi ghest leve ls (+++ or ++++) of teratological changes. Although all samp les 

were pretreated with equal vo lume and dilution of ant ibodies representing various my 

serotypes, yet, the VN effect observed was quite variable, i.e., not all samples were 

neutrali zed effectivel y despite pretreatment wi th the corresponding antibody (Tab le 10). 

The possible reasons for such different ial vira l neutralizations cou ld be man y. For 

example, the IBY strains present in the se lected all antoic fluid samples may indeed have 

vari able vi rulence although they all had the highest leve ls of observab le terato logica l 

effects. Another possibility cou ld be the affinity or the av idi ty of the ant ibody used in the 

neutra li zat ion experiment against the correspond ing IB V variant. 
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The last series of experiments in this study involved preparation of a formalized vaccine by 

using various IBY strains obtained from embryonic fluids. Chicks challenged with these 

variants vaccines seroconverted very well. The response was much pronounced upon 

booster injection. It is interesting to note that the strain M-4 I vaccine exhibited the highest 

titers in challenged chicks (Table I I). However, the HI titers were quite reasonable for 0-

274, 0 -1466 and 4-91 as well. It must be emphasized that the technique employed in 

preparing the formalized vaccine as well as the resulting vaccine trials employed very 

minimal numbers of samples as well as a rather crude protocol. What is impressive though 

is the fact that the IBY variants present in the allantoic fluid were indeed inactivated with 

this formalin treatment and the product worked exactly the way a putative vaccine should. 

This is evident by the kinetics of the antibody response as shown in Table 11. The sampling 

done after 7 days of the first injection was indicative of a true inductive phase response 

with the HI titers ranging from 16-68 across all !BY variants. By day 14 after the first 

injection the HI titers went up and were higher than the day 7 post immunization titers. 

However, after second or booster injection the antibody response was truly indicative of a 

"secondary" antibody response. This suggests that all formalized vaccine preparations 

were able to induce " immunological memory" as evident from an enhanced secondary 

antibody response against all variants . This is encouraging because no matter how crude or 

experimental the methodology might have been, these pilot studies indicate that one can 

certainly up-scale these efforts for a larger scale vaccine production and testing, perhaps at 

a filed level. Based on differential Hi response one can speculate that some IBY strains or 

isolates simply are better at inducing an immune response. Although we have measured 

only the antibody-based response, it is known that a strong cell mediated immune response 
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may be impOliant in cross protection because cross-reactive cytotoxic T lymphocytes can 

be found after immunization of chickens with a DNA vaccine against IBY (Seo et aI., 

1997). Furthermore, the route of vaccination may also be a factor. Infectious bronchitis 

vaccine is also administered via a coarse spray or in drinking water. For example, 

lackwwod et aI., (2003) have shown that regardless of the mechanism of protection, an in

house prepared IBY vaccine "70 GA98" when given at 1 day of age by coarse spray and at 

14 days of age in the drinking water, can protect against a homologous GA98 challenge as 

well as provide good protection against related IBY viruses. We could not perform the 

!BY challenge in chicks immunized with our formalin-killed !BY variant vaccines. This 

needs to be done to further verify that the induced immune response is indeed a 

"protective" immune response. Nevertheless, previous studies have shown that vaccines 

prepared in simi lar way induce significant protection in challenged chicks regardless of the 

!BY variant used (Winterfield et aI. , 1978; Box et aI. , 1988; Gough et aI. , 1981). 

In conclusion, the current study presents evidence that IBY variants are prevalent in 

various meat and egg-type commercial chickens in Pakistan. The incidence of the disease 

is not well documented since there is no such mechanism at the national level. This might 

present a huge challenge in itself since the poultry industry in Pakistan is not we ll 

integrated. [n addition to a select few operation , which can be considered " large-scale", 

there are numerou s "famil y" or "back-yard" poultry production operations. which never 

enter into any statistics. Furthermore, the animal health, di sease surveillance, guidelines 

for vaccination etc are either no mandated or nor well overseen . This may present even a 

larger concern considering the recent outbreaks of avian infl uenza world wide. It must be 
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realized, based on the flue example, that animal health is directl y linked to the human 

health as well . There indeed is a potential that viruses such as avian influenza and even 

infectious bronchitis which express intrinsic tendency of mutations can cross the "species 

barriers" and infect human populations. Nor are the economic effects of infectious 

bronchitis are well documented . It would be nice if this can be done by using a well 

defined longitudinal epidemiological study over a longer period of time. One factor which 

may ensure a reduction in the incidence of IBY perhaps could be strict enforcement of 

vaccination of all poultry flocks in Pakistan. Along with vaccination, it is imperative to 

continuously monitor the existence of various serotypes so that the vaccines used can be 

customized depending upon the prevalence of particular serotypes in a given geographical 

area. There is an increasingly tendency by the poultry and livestock producers to " import" 

vaccines from other countries for use in Paki stan. While thi s may work in cases where the 

antigeni c stab ility of the vaccine strain is unquestionable, one would expect that the 

prevalence of a particular disease causing strain may be variable across the world or even 

within one particular country or geographical area. One recommendation could be to 

initiate a massive effott to isolate and catalogue the viral (and even bacterial) agents which 

are implicated in various live stock or poultry disease in Pakistan. One can cettainly build a 

program on the lines of a "type-culture" collection as bein g done in several other countries . 

The current study has certainly identified and utilized several techniques which will be 

helpful in seromonitoring and disease diagnosis. Although IBY vaccines are very 

efficacious, the best countermeasure against IB Y or for that matter an y other poultry 

disease is the implementation of strict biosec urity measures. The application of vari oll s 
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commercial anti-viral disinfectants has been found to be useful (personal observation). In 

addition simple commonsense measures such as limit people movement, avoid visitors, 

controlling site traffic to a minimum, spray vehicles especially wheels , use of appropriate 

clothing and boots, use of foot dips and hand washing facilities , etc. can most certainly 

assist in disease prevention. 

Based on the study presented here, the fo llowing could serve as "broad" recommendations: 

1. Whi le cel1ain serotypes of the infectious bronch itis virus have been identified in this 

study, a detailed survey should be done to document all possible variants of infectious 

bronchitis virus in Pakistan. 

2. Once isol ated and identified , the infectious bronchiti s vari ants should be tested for their 

antigenicity and pathogenicity. This information will be helpful in deciding and selecting 

the possible infectious bronchitis strain to be used as a vaccine strain in Pakistan. It may 

even be necessary to use a "multi-strain" vaccine but this can only be determined if a clear 

picture emerges regarding the prevalence of pathogenic infectiolls bronchitis variants in 

poultry in Paki stan . 

3. Strict implementation of biosecurity protocols be carried out both for the commercial as 

well as for the domestic poultry in Pakistan. For this to happen , the prerequisite would be 

to register or document sllch poultry operations in Pakistan. While it is not easy to 
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"monitor" or "enforce" such guidance or regulations, one cou ld at least expect that such 

regulations do exist and the farmers are "expected" to comp ly with such regulations. 

4. Genera l improvements in alli ed parameters wh ich are required for efficient poultry 

prod uction must be made. For examp le, it is necessary to have adeq uate ly trained poultry 

veterinarians who can assist in providing expe11 services in both preventive and treatment 

phases of animal/poultry health and disease. One aspect of poultry production which is 

often assumed to be without any problems is the poultry feed. It is we ll known that poultry 

feed which is contaminated with mycotoxins can not only affect the performance 

characteristics (such as growth) but can severely compromise the integrity of the immune 

system. In fact , there are reports in the literature that even the progeny ch icks hatched from 

breeders which have consLlmed a mycotoxin-adulterated diet are severely 

immunocompromised upon hatch and soon thereafter. Such situations will make the chicks 

more suscept ible not only to the viral disease agents encountered soon after hatch but also 

to subsequent bacterial or secondary infections. Therefore, strict cr iteria of feed testing be 

estab li shed and enforced to avo id mycotoxin-based problems for animal health. 

5. A "standardized" panel of diagnostic test must be developed and used for monitoring the 

infect ious bronchiti s in poultry. While class ica l tests such as haemagglutinat ion inhibition , 

virus neutrali zat ion , etc. work very we ll and are relative ly simpl e to conduct, they may not 

be very sens itive to distinguish amongst various genetics-based serotypes of the vi ru s. 

Therefore, it is necessary to adapt molecular tests such as RT -peR as tested and used in 

this study. 
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6. Poultry extension veterinarians be encouraged to develop a national "road-map" for 

poultry diseases survei ll ance and monitoring. As a starting po int, it is important to organize 

stakeholder meetings and workshops to identify the issues related to poultry hea lth in 

Pakistan. The "stakeholders" including the producers, animal health personals as well as 

the government authorities and regulators should all be on board for such effo rts to 

mater ialize. It is extremely important to have a clear und erstandin g and vision of where the 

poultry industry is in Pak istan. One must identify the situation, opportunities, and 

associated threats to this important agriculturally important economic commodity. The 

recent surge in avian influenza at a global level may have tremendous impact on poultry 

industry practices in Pakistan. Furthermore, the avian influenza is one of several examples 

which have a potential of being an animal-to-human transfer. The di seases such as 

bronchitis are quite common in humans and animals alike . It may not be too far fetched to 

consider infectious bronchiti s virus also on the same lines as a possib le human threat just 

like the avian influenza. The similar ities between these two viruses include multiple strains 

and hi gh rate of mutation. Therefore, in order for the Paki stan poultry industry to be able 

to meet the local demands as well as to be a possible export player at the regional or local 

level, it is very important that this industry has a clear bill of health to compete. The "road

map" can identify such issues and priorities. 
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8. APPENDIX 

8.1 APPENDIX 1 

Geomet ric Mean Titre (GMT) 

The GMT was calculated by the following two methods; 

TubelWell Method: 

Examp le: 

2 samples with end point in well number 3 

3 samples with end point in well number 4 

4 samples with end point in well number 5 

I samples with end point in well number 6 

Average of well number 

2x3=6,3x4= 12,4x5=20, lx6=6 

Grand Total=44. 

Number of samples= 10 

Average we ll number=4411 0=4.4 

Observe 4 under co lumn of 1/5 and 0.4 on the right side of the Brug' s table . The GMT was 

53. Thi s was the titre ifstarting di lution was 1:5 

Log Method: 

Example: 

6 samples with titre of 5 (1 :5) 

7 samples with titre of20 (I :20) 

5 sampl es with titre of 40 (I :40) 

2 samples with titre of 80 (I :80) 

Log of titre was multiplied by numbers of samples, 

Log of 5= 0.698 

Log of 20= \. 30 I 

Log of 40= 1.602 

Log of 80= 1.903 
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0.698 x 6 = 4.19 

1J01x7=9.11 

l.602 x 5 = 8.01 

1.903 x 2 =3.8 1 

Products are added and divided by total number of samples as, 

4.19 + 9.11 + 8.01 + 3.8116 + 7 + 2 + 5 

=25.12/20 

=1.26 

Antilog of 1.26 will be equal to GMT. 

i.e. 18 .20 

Titre in individual well was recorded as: 

Well/Tube No. Titers 

5 

2 10 

3 20 

4 40 

5 80 

6 160 

7 320 

8 640 

ii 0 



8.2 APPENDIX 2 

G.K.N (lLitre) 

Glucose 19 

NaCI 8 g 

KCI 0.2 g 

Phenol red 1 % 2 ml 

De-ion ized d isti lied water 900 ml 

Adjust pH to 7.8 with NaHC03 solution or HCI solution. Then make volume up to I L with 

.. distilled water. Autoclave at lSLb2 for 10 minutes at 121°C and store at 4°C. Add 

antibiotics at the following rates : 

Pen-Strep (ISOug Iml) 2m l 

Amphoterac in B (2S0ug/m l) 4ml 

Gental11ycin (I ug/m l) 21111 
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8.3 APPENDEX 3 

AGPT MEDIUM (for 5 plates) 

Nobel agar 19 

NaCI 8g 

Phosphate buffer pH 7.2(0.2 M) 100ml 

Autoclave at 151b2 pressure and 121°C temperature for 10 minutes. 
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8.4 APPENDIX 4 

ARRANGEMENTS OF DATA USED IN CALCULATION OF EID so 

Accumulated Value 

Virus Infectivit Infected Non- Infected Non- Ratio Percentage 
Dilution y Ratio Infected Infected 

Ratio 
A B C 0 E F G H 
10-1 5/6 5 I 15 I 15/16 94% 
10-- 5/6 5 1 10 2 10/ 12 83% 
10-J 4/6 4 2 5 4 5/9 56% 
10-4 1/6 1 5 I 9 111 0 10% 
10-) 0/6 0 6 0 15 0/ 15 0% 

CALCUALTIONS: ElD 50 (Reed and Muench Method). 

Propo11ionate distance = % infectivity at dilution next above 50% - 50% 

%infectivity at di lution next above 50% - % infectivity at di lution next below 50%. 

= 83-50/83-56. 

= 1.2 

-ve log of EID 50 = -ve log of dilution above 50% infectivity + Prop0l1ionate distance factor 

= - 3.00 - 1.2 

= - 4.2 

Log of ElD 50 = 10 4
.
2 

The neutralization index (N I) was determined by subtracti ng the log titre of the vi rus 

negative control serum mixture (or log titre virus alone) from the log titre of the serum 

virus mixture representing the standard reference antisera. A NI ::: 3.0 indicates that the 
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unknown field isolate is antigenically related to the reference serotype used to produce the 

antiserum used in the VN test. NI values 2.0-3.0 suggest a somewhat lesser degree of 

similarity and NI ~ 2.0 indicates that the unknown isolate is serotypically unrelated to the 

standard reference antiserum. 

Calculation of Neutralization Index: 

Log titre of negative control serum-virus mixture 

Log titre of unknown virus-serum mixture 

Neutral ization Index 
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