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Abstract

Infectious bursal disease (Gumboro) virus causes immunosuppression in chickens, increasing
their susceptibility to other viral and bacterial diseases and resulting in vaccination failure. In the
present study, we investigated the immune-depressing effect of infectious bursal disease virus on
HON2 avian influenza viral infection in commercial broiler chickens. Chickens were divided into
four groups. In group A, chickens were inoculated with Gumboro virus at 21 days of age and

HO9N2 influenza virus 5 days later. Groups B and C only received influenza virus at 26 days of
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age and Gumboro virus at 21 days, respectively. Chickens in the control group (D) were
inoculated with normal saline at the same times.

Tissue samples from different organs were collected on days 1, 3, 6, 9, and 12 after HON2
infection. Macroscopic observation showed bursal disease lesions in groups A and C, including
swollen bursa with the presence of gelatinous exudates, hemorrhages in the thigh muscle, edema,
and nephritis.

Reverse transcription polymerase chain reaction was used to study HgN, influenza virus
dissemination, and quantitative reverse transcription polymerase chain reaction to determine
viral genome copy number in different organs. A considerable titer of avian influenza virus was
found in the trachea, lungs, cecal tonsils, spleens, and feces of infected chickens. The genome
copy number of the virus in the trachea and lungs of group A was significantly higher than that
in group B on the first day after inoculation. However, our method did not detect the avian
influenza virus genome in group A. In conclusion, we suggest that pre-exposure to Gumboro
virus at 3 weeks of age reduces the replication and shedding of HgN, in broiler chicken.

Keywords: HgN, influenza virus, Infectious bursal disease, Shedding, Broiler chickens

Introduction

Infectious bursal disease virus (IBDV) is a member of the Birnaviridae family, which has
double-stranded RNA genomes. The virus results in acute, highly contagious infections,
immunosuppression, and mortality in young chickens [1, 2], and related economic losses to
chicken farms are substantial. Bursal damage is the main feature of the disease (IBD or
Gumboro) and is observed in affected chickens worldwide [1]. In IBD, immunosuppression

increases susceptibility to other viral diseases, such as viral arthritis [3], Marek's disease [1],
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infectious bronchitis [4], infectious laryngotracheitis [5], inclusion body hepatitis [6], and
chicken infectious anemia [7], as well as infection by protozoa [8].

The HoN,; avian influenza virus (AIV) is a pathotype of low pathogenic avian influenza (LPAI)
virus in broiler chickens [9] and has been reported in Asia, especially in the middle east [10, 11].
Subtypes of this virus are now known to be enzootic in rural areas of Iran and present in
commercial chicken farms. Although HoN, AIV is an LPAI virus, it has severe pathogenicity and
causes a high mortality rate among farm chickens co-infected with other bacterial and viral
diseases [9, 12]. As IBDV is involved in many such co-infections, a greater degree of influenza
viral replication is expected in IBDV-infected chickens. To determine to what extent IBDV
affects sequela of HgN, infection, we studied the effects of IBDV inoculation on subsequent
HoN, AIV infection in 215 broiler chicken, in term of clinical signs, gross pathology, serology,
virus dissemination in different organs, and shedding of the virus from trachea as well as in the

feces.

Materials and methods

Birds

A total of 215 one-day-old Cobb broiler chickens were purchased from a local hatchery and
reared in the experimental research unit of the Shiraz University College of Veterinary Medicine
(Shiraz, Iran). All birds were kept under controlled conditions based on the Cobb breeder
management catalog and had free access to food and water throughout the experiments. The
chickens received no vaccinations. The study protocol, including animal sacrifice, was approved
by the research ethics committee of Shiraz University. In addition, we followed and adapted the

recommendations of the European Council Directive (86/609/EC) of November 24; 1986,
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regarding standards for the protection of animals used for experimental purposes. To determine
maternal immunity ten 3-day-old chickens were randomly selected and euthanized. Blood
samples were then collected and tested for serum antibodies against IBDV and HgN, AIV using

ELISA and hemagglutination inhibition (HI), respectively.

Experimental design

At 21 days of age, the chickens were inoculated with IBDV. One day before inoculation, five
chickens were randomly selected and blood samples taken from their wing veins. The birds were
then euthanized by cervical dislocation. On necropsy, tissue samples of the trachea and the bursa
of Fabricius were immediately collected and preserved at -80°C until analyzed. Samples were
subsequently tested for possible contamination with Newcastle disease virus, AIV [13], IBDV
[14], and infectious bronchitis virus using RT-PCR analysis [15]. Negative results were required
before starting the inoculations. The other birds, including two hundred broiler chickens, were
randomly selected and divided into two equal groups (I and II) of 100 chickens each and were
reared in a separate, isolated room under controlled conditions. For induction of IBD, we used
isolates of Shiraz IBDV (Accession number: JX983160), a highly virulent infectious bursal
disease virus enzootic in the region. After a 3 h fast, chickens in the treatment group (group I)
were infected with 10%2 ELDsy/0.5 ml of vwIBDV isolate via intra-crop inoculation. The control
group (group II) chickens only received 0.5 ml of normal saline. On day 3 after inoculation, 5
chickens from both groups were euthanized, and blood samples were collected. Tissue samples
from the trachea and the bursa of Fabricius were then isolated and frozen in liquid nitrogen at -
80°C. The tissue samples were prepared and tested by RT-PCR analysis to determine the

presence or absence of IBDV infection in the chickens. Trachea tissue and feces were analyzed
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93 by RT-PCR to look for AIV contamination. In addition, serum samples were collected from both
94  groups and tested by HI to confirm the RT-PCR results of AIV contamination.
95  On day 5 after inoculation, chickens in the treatment group were assigned to subgroup A (70
96  chickens) or C (25 chickens), and chickens in the control group were divided into subgroups B
97 (70 chicken) and D (25 chickens). In the AIV inoculation step, each group was transferred into a
98  separate, isolated room. Chicken in subgroups A and B were then intranasally inoculated with
99 109> EIDs¢/0.1 ml of A/Chicken/Iran/772/1998(HoN,) AIV, and subgroups C and D received

100 sterile saline only.

101 The chickens were observed for any clinical signs of avian influenza (Al) twice daily. In each

102 subgroup, five chickens were randomly selected and euthanized 1, 3, 6, 9, and 12 days post-

103 inoculation (dpi). Tissue samples from the trachea, lungs, brains, spleens, cecal tonsils, and feces

104  were then isolated and preserved at -80°C until analyzed. In addition, blood samples were

105  collected from each subgroup and tested for antibodies against influenza virus by an HI assay. To

106  trace the possible HoN, viremia in chickens from subgroups A and B, samples were collected

107 from 5 euthanized chickens every 8 h for 3 dpi. Buffy coats were isolated from the blood

108 samples and tested for the presence and quantity of virus using RT-PCR.

109

110 RNA extraction

111 Total RNA in the buffy coat samples was isolated using a Cinnapure RNA kit (CinnaGen
112 Molecular Biology and Diagnostic, Tehran, Iran) according to the manufacturer’s instructions.
113 Briefly, 400 pl of lysis buffer was added to 100 pl of the sample, and the solution was mixed.
114 Then, 300 pl of precipitant solution was added, and the solution was mixed again. A total

115 volume of 800 pl of solution was transferred into the included column and centrifuged at 12000


https://doi.org/10.1101/378703
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/378703; this version posted July 27, 2018. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY 4.0 International license.

116  rpm for 15 min. The columns were washed twice with the washing buffer. Total RNA was
117 dissolved in 30 pl of RNase-free water via centrifugation and stored at -70°C.

118  Tissue and fecal samples were prepared for RNA extraction using RNX-plus solution
119  (CinnaGen). Briefly, a 10% (W/V) suspension of feces was prepared in DEPC water and
120 centrifuged at 250 g for 10 min at 4°C. The supernatant was removed, and tissues weighing 50—
121 100 mg were then homogenized in RNX-plus. RNA was isolated according to the manufacturer’s
122 protocol. All RNA samples were normalized to the lowest concentration in DNase-/RNase-free
123 distilled water before quantitation.

124

125 Purification of recombinant plasmid

126 Escherichia coli XL1-blue containing a plasmid ligated with a partial sequence of the avian
127 influenza M gene was cultured in 5 ml of LB medium for 24 h. The medium was then
128  centrifuged at 250 g for 10 min, and precipitated bacteria were subjected to plasmid isolation
129  using an AccuPrep Plasmid Extraction kit (Bioneer, Daejeon, Korea) according to the
130 manufacturer’s instructions. The number of isolated plasmids was measured in solution using a
131 spectrophotometer (BioPhotometer; Eppendorf, Hamburg, Germany). The recombinant plasmids
132 were used as standards in the quantitation assay.

133

134 Reverse transcription PCR

135 For the synthesis of cDNA, 5 pl of isolated RNA, 1 pl containing 20 pmol of Hy forward primer
136 (AccuPower RT PreMix kit; Bioneer), and 14 ul of DEPC distilled water were added and mixed
137 in a lyophilized tube. cDNA synthesis was carried out at 45°C for 1 h and 95°C for 5 min.

138 Isolated cDNA was then collected in tubes and stored at -20°C until analyzed.
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The total reaction volume was 20 pl, and comprised 2 pl of 10x PCR buffer, 0.6 ul of MgCl,

(1.5 mM), 0.4 pl of ANTPs (0.2 mM), 0.2 ul of Taq DNA polymerase (1 U), 1 ul of each primer
(10 pmol), 9.8 ul of distilled water, and 5 pl of cDNA. The PCR program used with the MJ
thermal cycler (Bio-Rad, Hercules, CA, USA) began at 94°C for 5 min, and included 35 cycles at
95°C for 1 min, 53°C for 1 min, and 72°C for 1 min. Final elongation of the cDNA was
performed at 72°C for 10 min [16]. PCR products (488 bp) were then visualized in 1% agarose

gel, following 45 min electrophoresis at 100 V.

Real-time PCR

The total volume of the reaction was 20 pl, and it comprised 2 pl of 10x PCR buffer, 0.4 ul of
dNTPs (0.2 mM), 2.4 ul of MgCI2 (6 mM), 0.2 pl of Taqg DNA polymerase (1 U), 1 pl of each
primer (10 pmol), 0.6 pl of TagMan probe (6 pmol), 7.4 ul of distilled water, and 5 pl of cDNA.
The PCR program used with the Bio-rad Miniopticon system was run at 95°C for 5 min, and
included 42 cycles at 95°C for 15 sec and 60°C for 1 min [11]. Specific sequences of the isolated

oligonucleotides are shown in Table 1.

Table 1. The primers and TagMan probe sequences used in reverse transcription polymerase
chain reaction and real-time polymerase chain reaction to detect and measure genome copy
number of HgN, avian influenza.
Virus Primer name Sequences Product size
Hy forward CTYCACACAGARCACAATGG
488 bp
Hy reverse GTCACACTTGTTGTTGTRTC
Al real-time forward AAGACCAATCCTGTCACCTCTGA
104 bp
Al real-time reverse CAAAGCGTCTACGCTGCAGTCC
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Al real-time TagMan probe FAM TTTGTGTTCACGCTCACCGT TAMRA
157
158
150 HI test

160  To evaluate the serological status of chickens in different groups against the Hy antigen, sera
161  samples were collected from chickens aged 3, 20 (the day before IBDV inoculation), and 25
162 days. In addition, Hy antibody titers against influenza virus were evaluated 1, 3, 6, 9, and 12 dpi.
163 HoN, AIV antigen equivalent to four hemagglutinating units (HA) was used to determine the HI
164 activity of two-fold serially diluted test sera in a 96-well microtiter plate [17].

165

166 ~ELISA

167  The presence of IBDV maternal antibodies was determined in chickens aged 3 days using an
168  IDEXX ELISA kit (Westbrook, ME, USA) according to the manufacturer's instruction.

169

170 Statistical analysis

171 Serological analysis results of different groups were compared by two-way ANOVA followed by
172 Tukey’s range test using SPSS version 13 (SPSS, Inc., Chicago, IL, USA; Table 2). A p-value
173 less than 0.05 was considered significant.

174

175 Results

176 Clinical signs
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177 Before IBDV inoculation, chickens in all groups were observed for clinical signs of any disease
178  or abnormality. Molecular tests were negative for Al, infectious bronchitis, IBD, and Newcastle
179  disease infection. Three days after IBDV inoculation, chickens in subgroups A and C showed
180  clinical signs of depression, ruffled feathers, and white diarrhea. In addition, chickens in
181  subgroup A showed ruffled feathers, depression, cloudy eyes, conjunctivitis, respiratory distress,
182 coughing, sneezing, and gasping 2 dpi, whereas those in subgroup B showed less severe signs of
183 infection at 3 dpi. The most definite signs of infection in the respiratory system were reported at
184 6 dpi with HoN, AIV and observed in chickens from subgroups A and B. However, the clinical
185  signs of infection in chickens from subgroup B disappeared at 9 dpi, while those in subgroup A
186 continued for up to 12 dpi. Chickens in the control subgroup (D) showed no clinical signs of
187  infection during the study.

188

1839 Macroscopic Gumboro disease lesions

190 At 3 dpi, five chickens were randomly selected from subgroups A and C, sacrificed, and
191  macroscopically observed. Gross lesions in these groups included general edematous and
192 swollen bursa, which are associated with the presence of gelatinous exudates, hemorrhages in
193 thigh muscle, and nephritis. In group C, the bursa of Fabricius’ size at 12 dpi was significantly
194  decreased to approximately half the size of an intact bursa with few gelatinous exudates inside.

195 Additionally, mild nephritis was observed in chickens affected by Gumboro disease.
196 Macroscopic avian influenza lesions
197 At 1 dpi with influenza, macroscopic observation of chickens in subgroups A and B showed no

198  lesions, but did reveal some congestion in their spleens. At 3 dpi with influenza, the chickens in

199 these groups showed clinical signs of respiratory infection, including mild airsacculitis, -with the
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presence of congestion, and transudates in the trachea. The severity of the lesions in these chicks
was increased at 6_dpi. Moreover, the bursa was extremely degenerated at this time. Nephritis
and splenitis in the chicks of subgroup A were more severe than those of subgroup B. At 9 dpi,
congestion, hemorrhaging, and fibrinous casts were observed in lungs isolated from two chickens
in subgroup A, whereas pericarditis and perihepatitis were seen in one chicken in subgroup B.
Respiratory lesions were decreased in the other birds from these subgroups. There were no
necropsy injuries at 12 dpi except a mild tracheal congestion in the chicks of subgroup A.

Necropsy revealed no lesions related to AIV infection in chickens from subgroups D (control) or

C.

HyN, HI antibody titer

The mean titers of antibodies after HgN, inoculation are presented in Table 2. The log-2
transformed mean titers before inoculation were 7.2, 4.12, and 3.5 in the blood samples of
chickens aged 3, 20, and 25 days, respectively. At 9 dpi, antibody titers had significantly

increased in subgroups A and B. In addition, mean titers in subgroup B were significantly higher

than those in subgroup A at 12 dpi.
Table 2. Mean HI antibody titers against HoN, AIV antigen at time points after inoculation in
different groups.
Subgroups Mean antibody titers after AIV inoculation
Day 1* Day 3 Day 6 Day 9 Day 12
A 2.4 +0.442 3.4+£0.39 4.4+0.66* 52+0.732 54 +£0.242
B 2.4+1.292 3+0.58° 3.4+0.098 5.6 +£0.29* 6.2+£0.41°

10
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219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

C

2.66 +0.24?

2.66 +0.822

2.33 £1.042

2 +0.44b

2.13 £1.36°

D

3+1.15°

2+£1.20

2.33£0.242

2.2+0.29°

2.33 £0.94¢

* The mean values in the same columns (vertical) with different superscripts are significantly

different (p<0.05).

RT-PCR

Molecular tests were negative for Al, infectious bronchitis, IBD, and Newcastle disease infection
one day before IBDV inoculation. To confirm IBDV infection in group I, the bursae of Fabricius
were isolated from five chicks in each group and subjected to RT-PCR analyses using VP, gene
primers 3 days after IBDV inoculation. The results showed a 743 bp amplicon, whereas group II,
was negative for IBDV infection. All tested samples were negative for AIV infection at this
point.

On 1, 3, 6, 9, and 12 dpi with AIV, 5 chickens from each subgroup were euthanized, and their
spleens, trachea, cecal tonsils, lungs, brains, and feces were isolated and tested for HoN, using
RT-PCR. Blood samples were isolated at 8 h intervals and tested up to 3 days after influenza
infection. The results were negative in subgroups C & D (Table 3). In subgroups A and B, HygN,

was not detected in buffy coat samples.

Table 3. Number of positive samples and mean copy number of HyN, avian influenza genome in

various tissues of chickens in the experimental groups.

Days after inoculation of HON2 Al virus

11
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Subgroups
A B A B A B A B A B
Tissue
1/5
Spleen 0/5* 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
5.68 x 10%**
3/5
1/5 4/5 3/5 2/5 1/5
Trachea 0/5 0/5 0/5
1.2x10° 0/5
2.64 x 04 24x10° 7.5x 10% 10.4 4.4x10°
4/5
1/5 3/5 2/5
0/5 0/5 0/5 0/5 0/5 0/5
Cecal tonsil
1.5x 10*
1.39x 10° 5.8x 104 32x 104
1/5
2/5
0/5
Lung 0/5 0/5 0/5 0/5 0/5 0/5 0/5
3.86 x 102
2 x 10*
1/5
2/5 1/5
0/5
Feces 0/5 0/5 0/5 0/5 0/5 0/5
1.32x 103
1.4x 10* 3.64x 103
0/5
Brain 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

237  * = Number of positive samples/total samples taken. ** = mean copy number of HgN, avian
238 influenza genome.

239

240 Real-time PCR

241 Samples with positive RT-PCR results were subjected to real-time PCR to quantify their ATV M

242 gene copy numbers. The efficiency of the test in different tissues was approximately 98% using

12
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243 five 10-fold dilutions of the recombinant plasmid. Mean copy numbers of the M segment at
244 different days after inoculation are shown in Table 3.

245

26  Discussion

247  The strain of virus used for induction of Gumboro disease in the chickens was highly virulent
248 and causes severe lymphoid necrosis and degeneration in the bursa of Fabricius. Sharma et al.
249 (2000) previously reported that immunosuppression by IBDV is achieved when chickens are
250  inoculated at early ages [1]. Since commercial broiler chickens are protected for up to 2—3 weeks
251 by maternal antibodies, immunosuppression by IBDV is a rare occurrence. In the present study,
252 the chickens were inoculated at 21 days. Therefore, we did not expect the immunosuppressive
253 effect of IBDV to be very strong. However, our results showed that HI antibody titer was lower
254 in subgroup A (treated with IBDV) than in subgroup B on day 12 after AIV infection, which may
255  be due to IBDV immunosuppression or lower AIV replication.

256  In this study, no AIV shedding was observed in subgroup A except at 1 dpi. In subgroup B, in
257  which chickens were inoculated with only AIV, significant increase in viral shedding was
258  observed over the course of the study. These results suggest interference between IBDV and AIV
259  infection. Meng et al. (2011) reported that Al loads were significantly decreased in trachea
260  isolates from specific-pathogen-free chickens fed with IFN-a as compared with those in control
261  chickens. Additionally, in chickens infected by IBDV, cellular immunity is less affected than is
262 humeral immunity [18]. Therefore, we suggested that study of alterations in serum interleukin
263 levels might aid understanding of the mechanism modulating interference between the two viral

264  infections. Raj et al. (2011) reported that serum levels of IL1-B, IL2, IL8, IL12, IL17, and

13
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265  interferon (IFN)-a and -f are significantly increased in commercial chickens infected with IBDV
266 [19].

267  Knowledge of the quantity and duration of viral shedding from animals can help us clarify

268  ambiguities in pathogenesis as well as the severity and period of the virus spreading in herds,

269  which may be useful in disease control. Infected chickens shed HyN, virus via feces more than
270  via respiratory secretions, particularly 5—7 after infection. Although the virus replicates in the

271 kidneys up to 9—11 days after infection, the quantity of virus in this tissue is very low and does
272 not influence the duration of fecal shedding [16, 20]. Several factors are involved in the degree
273 and period of AIV shedding. Some studies have revealed that avian infectious bronchitis

274  vaccines increased the duration and degree of AIV shedding and decreased the efficacy of HoN,
275  AIV vaccines in reducing AIV fecal shedding [21]. Some gross lesions, such as subcutaneous

276  hyperemia and many petechial to ecchymotic hemorrhages, and stunting have been reported in
277  chicken embryos inoculated with AIV+infectious bronchitis live vaccine virus [4].

278  Despite the decrease in the replication and shedding of the influenza virus, the clinical signs of
279  the disease were not considerably different between the chickens of subgroups A and B. Costa-
280  Hurtado et al. (2014) coinfected chickens and turkeys with lentogenic Newcastle disease virus
281  and LPAIV and reported that the replication pattern of these viruses changed, -clinical signs were
282 unaffected. The effects on viral replication varied according to the time of infection and species.
283  The results suggested that infection with a heterologous virus may result in temporary
284  competition for cell receptors or competent cells for replication and that this competition may be
285  interferon-mediated and decreases with time [22]. Pantin-Jackwood et al. (2015) reported that

286  co-infection with velogenic Newcastle disease virus and LPAIV in domestic ducks did not affect

14
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287  clinical signs but changed the pattern of virus shedding and transmission [13]. It appears that
288  influenza symptoms are likely contributing to issues other than the degree of virus replication.
289  However, suppression of AIV fecal shedding is the most interesting issue in this study. Chicken
290 age, IBDV strain, and the time interval between inoculations of the two viruses may greatly
291  affect AIV shedding. Vaccination against IBD at three weeks of age could be a practical
292 approach to inhibit probable influenza infection.

293

204 Conclusion

295 IBDV infection suppresses AIV shedding in older chickens. According to the results, infection
296  with Gumboro virus at three weeks of age cannot be considered to exacerbate viral shedding or
297  the symptoms of avian influenza.
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