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ABSTRACT
This study investigated the pathogenesis of infectious bronchitis virus (Gammacoronavirus) strain Q1 in two commercial broiler chicken lines, and the host immune response to infection. Chicks from each line were grouped into either infected or control. Following Q1 infection at day-old, fast (Line-A) and slow (Line-B) growing chicks were monitored for clinical signs and body weights. At 3, 7, 9, 14, 21 and 28 days post infection (dpi), five birds were humanely euthanised, and trachea, kidney and proventriculus tissues were collected for quantitative RT-PCR and histopathology. Blood was collected weekly to determine IBV-specific ELISA antibody titres. Q1 infection significantly reduced the body weights of Line-A chicks at 14 and 21 dpi, but there were no significant differences in Line-B. Through qRT-PCR, significantly higher viral loads were found in the trachea, proventriculus and kidney tissues of Line-A chicks at 7-9 dpi. At day-old and at 28 dpi, the mean antibody titre in Line-B was notably higher than Line-A. Significant IFN-α mRNA expression was noted in the trachea and kidneys of Line-A, whereas no change occurred in Line-B. Chicks in Line-B, compared to those in Line-A, demonstrated a tissue-dependent increase of IFN-β, TLR3, IL-1β and IL-6 and LITAF gene transcription responses to IBV Q1. It appears that the level of maternal antibodies, growth rates, and other inherent host genetic factors could have influenced the differences in viral loads and immune responses.
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INTRODUCTION 
Avian infectious bronchitis virus (IBV) is a Gammacoronavirus that replicates in the epithelium of lower and upper respiratory, digestive, reproductive and kidney tissues of chickens (Cavanagh, 2007; Ganapathy et al., 2012b; Yu et al., 2001). The virus belongs to the family of Coronaviridae, in the order of Nidovirales (Cavanagh, 2007). Both layer and broiler chickens are susceptible to IBVs but the clinical impact can vary depending on the infecting strain (Cavanagh, 2007). IBV strains have been reported in different parts of the world (Jackwood, 2012; Jones, 2010), with some localised to certain regions/countries and others globally present. One IBV strain that emerged in China in 1996, known as Q1, successfully disseminated to countries across four different continents (Jackwood, 2012; Yu et al., 2001). In 2016, the Q1 genotype was recognized to be part of the GI-16 lineage (Valastro et al., 2016), and based on clinical observations, the virus has been reported to cause respiratory, digestive and reproductive diseases in chickens (Toffan et al., 2013). The impact of infection and pathology differs between chicken breeds, and along with the degree of IBV strain virulence, this variation could also be associated with host immune responses (Cavanagh, 2007). It would be advantageous to understand the underlying immunobiological response to IBV Q1 in different chicken lines, as excessive host responses are likely to be associated with illness and subsequent production losses (Hesse et al., 2017; Kapczynski et al., 2013; Koutsakos et al., 2019).
Globally, certain broiler chicken breeds/Lines are desirable to commercial producers for their increased productivity (Tallentire et al., 2016). However, poultry production faces a number of infectious and non-infectious challenges to remain sustainable. Infection by IBV is a major challenge that causes increased mortality, reduced body weight gain, poor feed conversation ratio in broilers, and a decline in layer egg production and quality (Boroomand et al., 2012; Jackwood and de Wit, 2013). In addition, a variety of non-infectious causes are driving the industry to change from conventional fast-growing, to slower-growing commercial broiler chicks. This includes pressures from the wider public, changing consumer preferences, large retailers and European regulations (Council, 2007). For IBV, while publications are available on the general immune responses (Awad et al., 2016b; van Ginkel et al., 2015), to date, limited information is available on the differences in host innate and adaptive immune responses in different lines of commercial broiler chickens when challenged by virulent IBVs (Raj and Jones, 1996; Smith et al., 2015), particularly for recently emerged variant IBV strains. Adaptive immunity is derived from the initial exposure, followed by a specific memory cell response. In comparison, the innate response is non-specific, acts for a broad range of pathogens, and is the first line of defence from infection by utilising protein activation pathways, such as pattern recognition receptors (PPRs), interferons (IFNs) and pro-inflammatory cytokines (Chhabra et al., 2015a). By comparing the pathogenesis and immune responses between different chicken breeds, several studies have demonstrated differences in gene expression due to heat stress (Rimoldi et al., 2015), Salmonella or Campylobacter infection (van Hemert et al., 2006), feed removal (Benyi et al., 2010) or daily feed skip restriction (Netshipale et al., 2012). It has been suggested that genes linked to the B haplotype have a role in the bird’s resistance to IBV (Bacon et al., 2004; Banat et al., 2013; Silva et al., 2019). Using a microarray analysis of egg-laying chickens, Smith et al., investigated host gene expression in the trachea following IBV M41 infection in line 15I (inbred White Leghorn strain) and line N (non-inbred Cornell strain) birds (Smith et al., 2015). 
It is important to understand the pathogenicity and host immune response to Q1 infection, particularly in two broiler chicken lines with differing growth rates. This is due to an increasing number of European producers switching to slow growers, while fast-growing chicks continue to be the preferred broiler lines in developing countries. This study reports on the pathogenicity of IBV Q1, and the humoral and innate immune responses in two lines of commercial broiler chickens following experimental infection. 
MATERIALS AND METHODS 
Ethical statement
All experimental procedures were performed according to UK legislation governing experimental animals under the project licence P8E4FC2C9. Experimental procedures were approved by the University of Liverpool’s ethical review process.
Virus strain
An IBV Q1 virus strain (GI-16 lineage; reference number 37089/2013) was used to infect both chicken lines in this study [12]. The virus was propagated in embryonated SPF eggs and titrated in tracheal organ cultures (TOCs). The virus was checked for viral avian contamination of other avian viruses, such as Newcastle Disease virus, avian metapneumovirus, and avian influenza virus, by RT-PCR. It was also checked for bacterial contamination, such as Escherichia coli and Mycoplasma spp, by culture prior to use in this study (Chhabra et al., 2018).
Chick welfare and management 
Two breeds of day-old broiler chicks (Line-A and Line-B) used in this study were supplied by two different commercial hatcheries. The Line-A (fast growing) chicks reach a live slaughter weight of 2.2 Kg at 35 days old, whereas Line-B (slow growing) chicks can take 56 days to reach the same weight. In this experiment, chicks were reared up to 28 days of age in separate, negative pressure isolation rooms (University of Liverpool, UK), and kept on wood shaving litter with antibiotic-free food and water supplied ad libitum. The parent breeding stock for both lines received vaccination against IBV, including live Massachusetts, 793B and inactivated Massachusetts vaccines.  
Experimental design
Chicks from Line-A and Line-B were each allocated into two groups; IBV Q1 infected (Line A, n=20; Line B, n=20) and sham-inoculated control (Line A, n=20; Line B, n=20). Before challenge, blood was collected from ten birds to assay for IBV maternal antibody levels. At day-old, chicks in both infected groups were inoculated via the oculonasal route with 100 µl of IBV Q1 (104.5 CD50/bird) (Chhabra et al., 2015b) and chicks in the control groups were sham-inoculated with 100 µl virus-free allantoic fluid. At weekly intervals, the body weights of 10 chicks from each group were recorded, and clinical signs were observed daily. At 3, 7, 9, 14, 21 and 28 dpi, five birds were humanely euthanised and their trachea, kidneys and proventriculus scored for gross lesions. Sections of these tissues were collected in RNAlater (Qiagen, Crawley, UK) and stored at -20 oC to assay for quantification of virus load (all tissues), and expression of host gene mRNA (trachea and kidney). Separate sections of trachea and kidney were also collected in 10% buffered formalin for histological examination. Proventriculus tissue was also collected for virus isolation. At 1, 7, 14, 21, 28 dpi, blood was collected via the brachial vein from eight birds from each group. Sera was then separated and stored at -20 oC for detection of IBV antibodies by ELISA.
Clinical signs 
Clinical signs were recorded daily for each group (Jackwood and de Wit, 2013). Briefly, the clinical signs were scored as mild (coughing, head shaking and nasal scratching), moderate (mild signs plus ocular and nasal discharge), and severe (moderate signs plus depression with gasping or ruffled feathers). As per the project licence, birds exceeding the moderate clinical sign threshold were humanely euthanised and removed from the experiment. 
Gross lesions and histopathology 
Gross lesions were recorded as previously described (Mahgoub et al., 2010). Histopathology changes in the trachea, kidneys and proventriculus were scored as follows: 0 = no change, 1 = mild, 2 = moderate, 3 = severe (Chen and Itakura, 1996; Chhabra, 2016; Yu et al., 2001). Blind histological scoring was conducted by a European-specialist pathologist at the University of Liverpool.
Detection of IBV
Quantitative RT-PCR: For individual tissues of trachea, kidney and proventriculus, total RNA was extracted from 30 mg per tissue using the RNeasy Plus Mini kit (Qiagen) according to the manufacturer’s instructions (Awad et al., 2014). Quantification of viral RNA from tissue extracts was carried out using qRT-PCR as previously described (Jones et al., 2011). All reactions were performed in duplicate using the One-Step RT-PCR Qiagen kit and 40 ng of total RNA per reaction. Amplification plots were analysed, and the threshold cycle (Ct) value determined. Mean Ct values for each tissue sample were converted to log relative equivalent units (REU) of viral RNA using a standard curve generated using five 10-fold dilutions of extracted RNA from infective allantoic fluid of 106 EID50 of M41 as previously described (Löndt et al., 2013).
IBV isolation: Only for proventriculus tissues was virus isolation attempted in embryonated specific pathogen free (SPF) eggs as previously described (Guy, 2008). Following the third passage, allantoic fluid was tested for IBV by RT-PCR and sequenced as previously described (Ball et al., 2016) .  
[bookmark: _Toc470689333]Host gene expression analysis 
From RNA extracted from trachea and kidney tissues collected at 1, 3, 7, 9, and 14 dpi, host gene expression analysis was carried out using qRT-PCR. The following genes were included for analysis; type I interferon (IFN-α and IFN-β), toll like receptor 3 (TLR3), melanoma differentiation associated protein 5 (MDA5), pro-inflammatory cytokines (IL-6 and IL-1β) and lipopolysaccharide-induced tumor necrosis factor (TNF)-α factor (LITAF) (Chhabra et al., 2018). Each sample was tested in triplicate on the LightCycler® 480 (Roche, UK) platform, using LightCycler® 480 SYBR Green I Master mix and primers as previously described (Kuchipudi et al., 2012). Data was normalised against 18S rRNA expression and presented as the mean fold difference in mRNA transcripts of infected against the control samples.    
Detection of anti-IBV antibodies
Sera were analysed using a commercial IBV ELISA kit (IDEXX, UK) according to manufacturer’s instructions, and samples with a sample/positive ratio greater than 0.2 were considered positive. Antibody titres were determined by converting the sample/positive ratio according to the formula provided by the manufacturer.
Statistical analysis 
Statistical analysis was carried out using GraphPad Prism version 6. Differences between the two groups were analysed using univariate ANOVA, along with the homogeneity of variance test, to confirm statistical differences within the data set. This was followed by post hoc Bonferroni testing. When groups had p<0.05 for the homogeneity of variance test, Tamhane’s T2 was applied post hoc instead of Bonferroni. Fisher’s exact test was applied to determine significant differences in seroconversion between the infected groups at 28 dpi. Differences were considered significant at p<0.05 unless stated.  
RESULTS 
Body weight reduction in Line-A, rather than Line-B Q1-infected chicks 
Significant reduction was noted in the mean body weights at 14 and 21 dpi for Line-A chicks that received Q1 compared to the control group (Figure 1A). In contrast, no significant changes were noted in the Q1-infected Line-B chicks (Figure 1B). Both Line-A groups had significantly higher body weights compared to the respective Line-B groups at 21 and 28 dpi (Figure 1C and Figure 1D).
Clinical signs and pathological lesions 
In both infected groups, mild clinical signs started at 5 dpi and lasted until 14 and 13 dpi for Line-A and Line-B respectively. Signs in both groups were represented by sneezing, tracheal rales, head shaking, nasal exudate, eye scratching and diarrhoea. No birds showed clinical signs close to or exceeding the threshold of the project licence. A single sudden mortality was found in the Q1-infected Line-A group at 5 dpi. Both control groups were absent of clinical signs throughout the experiment.  
Tracheal gross lesions in both infected groups consisted of congestion, hyperaemia, and excessive exudate. In both infected groups, kidney lesions consisted of paleness, swelling and urate deposition. There were no noticeable gross lesions at day 21 and 28 dpi for any groups.
Histopathology tracheal lesions in both infected Line-A and Line-B groups consisted of deciliation, epithelial degeneration, decreased mucous cells and heterophil infiltration. Kidney lesions appeared at 3 dpi in both infected groups and peaked at 21 and 14 dpi in Line-A and Line-B respectively. Histological changes consisted of epithelial degeneration, lymphoid infiltration and lymphoid nodules. There were no histopathological changes seen in the proventriculus for Line-B, while in Line-A, lesions comprising of glandular sinus dilation, lymphoid infiltration and scattered lymphoid follicles were seen at 7 and 9 dpi. There were no significant differences in the microscopic lesion scores between infected groups.
Q1 identification and viral loads in trachea and kidney tissue
At 7 dpi, Line-A had a significantly higher tracheal viral load compared to all other timepoints (Figure 2A), whereas Line-B saw a significant increase in viral load from 1 to 3 dpi, which then significantly declined by 14 dpi (Figure 2B). Kidney tissues were positive at 7, 9 and 14 dpi for both Line-A and Line-B, but there were no significant differences at these sampling points. Similarly, no proventriculus samples from Line-A had significant changes. However, in Line-B, samples at 9 dpi were significantly lower than at 3 or 7 dpi. Detection in the kidney occurred at a later time point (7 dpi) compared to the trachea (1 dpi) or proventriculus (3 dpi). No IBV was detected beyond 14 dpi in the trachea and kidney, nor beyond 9 dpi in the proventriculus. 
[bookmark: _Hlk37749959]Q1 virus isolation from proventriculus tissues in spite of low viral load
Re-isolation of IBV Q1 was successful from proventriculus tissue of both chicken lines at 7 and 9 dpi. In the 393 bp portion of the S1 gene sequenced, the re-isolated Q1 strains from both groups had 99 % nucleotide identity to the initial inoculum. 
Humoral immune response to IBV Q1 
A significantly higher mean titre of maternally derived antibodies (MDA) was detected in Line-B compared to Line-A (3709±456 and 1666±389 respectively) at day-old. After 7 dpi, at all sampling intervals, both the mean and individual bird titres of both control groups were below the positive titre threshold of 396. Flock seroconversion was noted in both infected groups at 21 (Line-A = 12.5%; Line B = 37.5%) and 28-days old (Line A = 25%; Line-B = 62.5%). For Line-A, average group antibody titres remained below the positive threshold throughout the experiment, whereas the Line-B infected group had an average positive antibody titre of 510 at 28 dpi (Figure 3). 
Differential mRNA gene expression: IFN-α and IFN-β
Trachea: There was significant up-regulation of IFN-α expression in the Line-A infected group at all sampling days compared to the control group, with expression peaking at 3 dpi and declining until 14 dpi (Figure 4). No significant increase in IFN-α gene expression was noted for Line-B. For IFN-β, both infected groups had significant up-regulated expression for all sampling days, with the exception of Line-A at 14 dpi (Figure 4).
[bookmark: _Hlk37842111]Kidney: Expression of IFN-α was only significantly up-regulated at 1 dpi in Line-A compared to the control group (Figure 4). Similarly, IFN-β was only significantly up-regulated at 1-3 dpi for Line-A, with no significant change witnessed for Line-B.
Differential mRNA gene expression: TLR3 and MDA5
Trachea: Significant up-regulation of TLR3 was present at 1-7 dpi in Line-A compared to the control group (Figure 4). In contrast, the gene was significantly up-regulated at all sampling points for Line-B (Figure 4). Levels of MDA5 were significantly up-regulated at 1 dpi in Line-A, whereas they were significantly down-regulated for Line-B at the same time point. No other changes were seen in subsequent sampling days.
Kidney: There was significant up-regulation noted for TLR3 in Line-B at all sampling times compared to the control, with no changes in Line-A present at any point (Figure 4). Both Line-A and Line-B demonstrated up-regulation of MDA5 at 7 and 9 dpi compared to their respective controls (Figure 4).   
Differential mRNA gene expression: IL-1β, IL-6 and LITAF
Trachea: Expression of IL-1β was up-regulated at all sampling points for Line-A compared to the control group, whereas Line-B was only up-regulated at 1 dpi (Figure 4). Significant up-regulation of IL-6 was seen in Line-A from 3-9 dpi compared to the control (Figure 4). In contrast, Line-B was significantly down-regulated during early infection (1 dpi), followed by up-regulation from 3-7 dpi. No significant changes were noted for LITAF mRNA expression throughout the experiment.
Kidney: Line-A only demonstrated significant up-regulation of IL-1β at 9-14 dpi, whereas Line-B was significantly up-regulated to a much greater extent throughout all sampling points compared to their respective control groups. Similarly, while IL-6 and LITAF were significantly up-regulated at 7-9 dpi in Line-A, there was a prolonged response in Line-B, with significant up-regulation seen from 3-14 dpi and 1-14 dpi respectively. The mRNA response peaked at 9 dpi for IL-1β and IL-6 in both bird lines, with peak LITAF expression seen at 14 and 9 dpi in Line-A and in Line-B respectively.
DISCUSSION
The IBV Q1 strain is capable of infecting a number of different chicken breeds, including both layers and broilers (Ababneh et al., 2012; Ganapathy et al., 2015; Sesti et al., 2014). Though field investigations involving Q1 have been reported, there has been no in-depth investigation on the pathogenesis of this virus, especially for commercial broilers. This study demonstrated that the IBV Q1 strain was able to induce clinical signs, mainly involving the respiratory system, which were similar to those caused by other classical and variant strains of virulent IBV (Awad et al., 2016a; Ball et al., 2019; Ren et al., 2019). Cavanagh (2007) reported that different chicken breeds may respond differently depending on the IBV strain [1], and Smith et al. (2015) identified potential host gene differences between IBV-resistant and susceptible egg-laying chicken breeds (Smith et al., 2015). In recent years, there has been an increased use in farming of slow growing broilers, mainly due to public welfare concerns (Kubota et al., 2019; Yang and Jiang, 2005). For this reason, both fast (Line-A) and slow (Line-B) growing broilers were included in this study. Results showed similar levels of clinical signs, and gross and histopathological lesions of both broiler lines following Q1 infection. Despite this, variations were found in average body weights, viral load, and innate and humoral immune responses. The potential reasons and implications for such differences between the lines are discussed. 
[bookmark: _Hlk37759642]Following Q1 infection, there was a significant drop in body weight in Line-A at 14 and 21 dpi compared with the Line-A control, which was not present in Line-B. Both a reduction in body weight and an increased feed conversion ratio (FCR) have been associated with IBV infections in the field (Ganapathy et al., 2012b; Irvine et al., 2010), and experimentally found in Q1-infected SPF chicken (Ganapathy et al., 2012a; Mahgoub et al., 2010). Here, the impact on body weight was seen only in the fast-growing Line-A birds, which also had greater levels of viral load and early induction of IFN-α (trachea and kidney) and MDA5 (trachea). In addition, proventriculus microscopic lesions in Line-A included glandular sinus dilation, lymphoid infiltration and scattered lymphoid follicles (Toffan et al., 2013), which were completely absent from Line-B. RT-PCR of pooled oropharyngeal swabs of Line-A birds were positive for up to 4 weeks, but in Line-B, were only positive up to 2 weeks  (data not shown).  It is likely that the poor body weight increases in Line-A were due to an increased severity of infection and inflammation, which may have persisted for longer in Line-A rather than Line-B.  Debilitating effects have been demonstrated in groups of fast rather than slow growing chicks following Campylobacter jejuni infection (Williams et al., 2013).
Significantly lower viral loads in multiple tissue types for Line-B (e.g. trachea and kidney at 7 dpi and the proventriculus at 7-9 dpi) rather than in Line-A, demonstrates more efficient clearance of the virus by Line-B chicks.  As this study was designed to assess the pathogenicity of Q1 in two different lines of broiler chicks, it was not known if the above differences were due to variations in the inherent breed factors or the differences in day-old MDA levels.  It has been previously reported that MDA can influence both IBV infection and vaccination efficiency (de Wit and Cook, 2014). 
Following infection, innate immune responses in both lines of chicks were examined. Based on previous studies (Chhabra et al., 2018; Okino et al., 2017), the gene signatures (TLR3 and MDA5), type-1 interferons (IFN-α and IFN- β) and cytokines (IL-6, IL-1β, and LITAF) were chosen for analysis.  The pattern and magnitude of mRNA expression in the trachea and kidneys was differentiable between the two lines. For the trachea, the Line-B chicks had significant up-regulation of IFN-β, and a significant down-regulation of MDA5 and IL-6. In the same Line of chicks, there were no significant changes in type-1 IFN, MDA5 and LITAF mRNA expression in the kidneys throughout the experimental duration. This further demonstrated the faster and effective induction of early immune responses in Line-B birds to clear the virus. These changes are closely associated with day-old MDA levels, lower IBV RNA load in trachea and kidney tissues, and higher humoral antibody titres by 28 dpi. This shows that host immunity of the Line-B birds had played a role in inhibiting the infection and rate of clearance of the IBV Q1.
It was of interest to note that IFN-α mRNA expression was significantly expressed in the trachea of fast growers, whereas it was IFN-β which was up-regulated in Line-B, compared to the relative control birds. Interferons have been reported to inhibit virus replication of several avian viruses such as IBV, Newcastle disease virus and Marek’s disease virus (Jarosinski et al., 2001; Marcus et al., 1999; Pei et al., 2001). It has been previously suggested that IFNs also impair virus dissemination before the antigen-specific immune response is activated (Goodbourn et al., 2000; Guidotti and Chisari, 2000). There was significant up-regulation of both IFNs in kidney tissues of Line-A, which wasn’t present for Line-B, reflecting potentially greater inhibition of Q1 in the latter. As stated above, it was highly possible that the spread of Q1 to visceral organs of chicks in Line-B was either slow due to higher levels of MDA. 
Expression of proinflammatory cytokine (IL-6 and IL-1β) mRNA was up-regulated and prolonged in Line-A trachea tissue, whereas in Line-B, it was either down-regulated (IL-6) or significantly expressed for a much shorter period (only at 1 dpi). This was consistent with gross lesions, and conversely associated with higher viral load. These findings further demonstrate a mild tissue reaction to Q1 infection in the Line-B chicks, in contrast to a more prominent reaction in Line-A. Tracheal mRNA expression of these cytokines is associated with a degree of inflammation and tissue damage following IBV infection (Asif et al., 2007; Chhabra, 2016; Jang et al., 2013; Okino et al., 2014). IBV has previously been reported to impair the production of IL-6 and stimulate the production of IL-1β (Amarasinghe et al., 2018). LITAF, a protein that binds to specific cell surface receptors and initiates intracellular signalling cascades (Kotani et al., 2000), showed minimal change in the trachea and kidney of Line-B, compared to the control, whereas Line-A demonstrated significant up-regulation at later time points (9 and 14 dpi).  This is associated with higher Q1 viral load in this line compared to Line-B, and inversely, this might be linked to the MDA levels and/or host genetic factors. 
In conclusion, this study has confirmed the pathogenic effects of Q1 in two broiler chicken breeds with different inherent growth rates and maternal antibody titres. Findings showed that Line-B, which had higher day-old MDA levels, showed lower viral loads, earlier virus clearance and a greater magnitude of innate immune response to Q1 infection. It is highly possible that MDA levels had a role in neutralizing the infecting Q1 virus. To date, there have been no comparative studies on the effect of chicken growth rates on IBV pathogenesis.  Current findings provide the basis for further investigation on potential influence of chicken growth rate on infection, immunity and clearance of IBV. Understanding the immunopathology of different commercial broiler breeds/Lines to different IBV strains can provide comprehensive information that could further strengthen IBV control strategies.   
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Figure 1. Mean body weight comparisons at 1, 7, 14, 21 and 28 dpi. (A) Line-A control and Q1-infected groups, (B) Line-B control and Q1-infected groups, (C) Line-A and Line-B controls and (D) Line-A and Line-B Q1-infected groups. Data represents the mean with standard error with significant differences indicated with an asterisk.

[image: ]



Figure 2. Viral RNA load in the trachea, kidney and proventriculus from infected groups of Line-A and Line-B. Data is expressed as the mean log relative equivalent units (REU) of RNA, with standard error margins. Significant differences between sampling days with positive samples are indicated with different letters.
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 Figure 3. Mean infectious bronchitis virus (IBV)-specific ELISA antibody titres of the control and Q1-infected chicks (n=8/group) at 0, 7, 14, 21 and 28 days-old. The mean (n=10/group) titre of maternal derived antibodies of IBV at day-old (prior to infection) is indicated. Data are expressed as mean values ± SEM. The ELISA cut-off (396) is indicated with a dashed line.
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Figure 4. Relative mRNA expression in tracheal and kidney tissue for Line-A and Line-B following infection with IBV Q1. Data is normalised against 18S values, and represented as the significant (p<0.05) average fold change in mRNA expression compared to the corresponding control groups. Colour change is based on a linear scale between -5 and 70. Non-significant data is not shown.
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