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Abstract

Infectious bronchitis is an acute extremely infectious respiratory illness caused by the avian gamma-corona
virus. Infection with infectious bronchitis virus predisposes the bird to subsequent bacterial infection, worsening
the situation. Infection causes severe morbidity and variable mortality in broilers, as well as a significant
decrease in layer production of eggs. Samples were collected from clinical cases submitted for necropsy at local
veterinary clinics.This study was conducted to detect the molecular similarity in S1 gene sequence between field
viruses and commonly used vaccines. In order to compare the sequences of field viruses with vaccinal viruses,
two vaccines are chosen based on their popularity in veterinary clinics. These are MAS5 strain and H120 strain.
Molecular identification was done by using polymerase chain reaction (PCR) which was employed using primers
target the S1 gene. Four positive field cases and two vaccine samples were sent to sequencing. The results of
sequence alignment showed that vaccine viruses differ by more than 30% when compared to sequences of
all the field viruses. The difference between genetic sequence leads to vaccine failure due to difference in the
antigenic molecules on the spike protein of IBV.
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Introduction

Infectious bronchitis is an acute extremely infectious respiratory illness caused by the avian gamma-corona
virus. Chickens and other avian species can be infected with IBV (OIE, 2018). Infection with infectious bronchitis
virus predisposes the bird to subsequent bacterial infection, worsening the situation. Infection causes severe
morbidity and variable mortality in broilers, as well as a significant decrease in layer production of eggs
(Ibrahiem, 2016). The virus may be found all around the world and is spread by respiration or direct bird-to-
bird contact or exposure to contaminated equipment, litter, tools, or more premises. Although in-ovo spread
of the pathogen did not recorded yet, it may contaminate the eggshells by shedding from the reproductive
or alimentary system (Jackwood & de Wit, 2020; Mohammed et al., 2013). The virus is an enveloped virus that
varies in morphology from round to pleomorphic. The virions are roughly 120 nm in size and have club-shaped
outer appendages called spikes and these are approximately 20 nm long, giving the virus a look of a crown.
Corona is a latin word means crown (Khataby et al., 2020).

The symptoms of IB in affected young birds include general respiratory signs such as nasal secretion, respiratory
rales, coughing, sneezing, and gasping. Watery eyes and even dilated sinuses have been seen in chicks. Other
concurrent disease could be contributing to the severity of some cases (Ellakany et al., 2019; Hassan et al., 2017;
Khamas, 2008). The chicks could be spotted curled up next to a heat source and seem depressed. Feed intake

and growth might both be decreased. If the flock is not properly investigated,
the sickness may even go undetected (Jackwood & de Wit, 2020). Even in
situations with evident production reductions and the laying of bleached eggs,
respiratory abnormalities in laying chickens might be absent or extremely
slight. The degree of the production reduction can range from minor to severe,
depending on parameters such as the viral serotype and birds immunity,
the lay phase during which the infection occurred, and concurrent infections
(Najimudeen et al., 2020). The trachea, nasal cavity, and sinuses of affected
hens contain exudate. During the acute infection, the air sacs may be frothy,
then turbid and have a yellow caseous discharge. Inflammation of lung tissues
that surround big bronchi. Infections with strains of renal tropism can cause
enlarged, faint kidneys due to the occupation of tubules with urate (Benyeda
et al., 2009; Ziegler et al., 2002).

Vaccinated or recently infected poultry are resistant to infection with the
same virus strain, while immunity against infection with different IBV strains
is variable. The challenge of vaccinated birds with a homologous virus (same
strain) leads to much less viral shedding and for a limited duration than in
unprotected birds (Vagnozzi et al., 2010). For IBV vaccination, attenuated
and killed vaccines are employed. For priming of breeders and layers, live
vaccinations are employed and they are also used for broilers. Attenuation
is done by repetitive passage in chicken embryos, occasionally in conjunction
with thermal processing (Jackwood et al., 2010). There are different vaccine
strains used for the imunization of birds against IBV. These include: the
Massachusetts strains (Mass41 and H120) (Jackwood & de Wit, 2020), Arkansas
(Ark), Connecticut (Conn), Delaware (Del), Georgia98 (GA98), Georgia 08 (GA08),
and Georgia 13 (GA13) in the United states, and 793/B, QX, and Q1 in Europe,
Asia, and South America (Jordan, 2017). In Iraq, multiple vaccines strains are
used including: H 120, MA5, 4/91, QX, Variant2, D274 and M48 (Abdulmaged,
2017; Ali Ameen & Hussein Raoof, 2013; Al-Khafaji, 2013; AL-Zuhariy, 2017;
Hammadi & Zahid, 2015; Kadhym & Zahid, 2017; Saood & Al-Mayah, 2017;
Zahid et al., 2011).

Our study focused on S1 gene sequence because a few changes in the amino
acid sequence could lead to the emergence of a new virus strain (Cavanagh,
2007). When there is new strains, meanwhile, vaccine producers and farm
vaccination programs are still relaying on old vaccinal strains will lead to lack
of immunological protection of the bird. Hence, this will result in IB outbreaks
even in vaccinated birds (Y. Ennaji et al., 2020).

Materials and methods
Sampling

Samples were collected from clinical cases submitted for necropsy at local
veterinary clinics. Tissues for molecular detection included tracheas, lungs and
kidneys. Those organs were placed on petri dishes and small pieces were cut
and put in 1.5 ml microcentrifuge tubes covered with TRIzol™ Reagent and
kept in the freezer then sent to PCR laboratories.

Vaccines

In order to compare the sequences of field viruses with vaccinal viruses, two
vaccines are chosen based on their popularity in veterinary clinics. These are
MAS strain and H120 strain. Those vaccines were sent for molecular detection
along with tissue samples.

Molecular Detection

Polymerase chain reaction (PCR) was employed using primers designed by
Raoof et al., (2021). These primers include the forward primer f-IBV-S1 5°-
GTT TAC TAC TAC CAA AGT GCC TT -3 and the reverse primer 5°- GTG TAA
ACA AGG TCA CCA TTT A -3". Those oligonucleotides target the S1 gene and
produce a 448bp PCR product.

Sequencing and Sequence Analysis

for sequencing step, PCR products were sent to Macrogen Co., Seoul, Republic
of Korea. Four positive field cases and two vaccine samples were sent to
sequencing. Once the sequence was ready the company emailed the sequence
in FASTA format.

To analyse the sequences, two programs were used. The program Geneious
Prime was used to generate the sequence similarity percentage and table
between the sequences of our study between each other. BLAST® was used to
compare the study sequences with sequences of other similar viruses on the
NCBI GenBank. The later software was also used to create phylogenetics trees.

Results and Discussion

Sequence alignment of IB 120 vaccine virus sequence and the four cases
sequences revealed that the percent identity of the IB 120 vaccine sequence
and case 1 sequence was 69.85%. The exact differences in the sequences is
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detailed in Figure 3 (Figures 1-3). There was 108 substitution mutations and 12
addition mutations. On the other hand, case 2 sequence was 69.58% identical
to 1B 120 sequence. There was 110 substitution mutations and 13 addition
mutations (Figure 4). Likewise, The percent identity of the IB 120 vaccine
sequence and case 3 sequence was 69.52%. There was 110 substitution
mutations, 16 addition mutations and 2 deletion mutations (Figure 5).
Moreover, case 4 sequence was 68.77% identical to IB 120 sequence. There
was 111 substitution mutations, 12 addition mutations and one deletion
mutations (Figure 6).

Sequence alignment of MA 5 vaccine virus sequence and the four cases
sequences revealed that the percent identity of the MA 5 vaccine sequence
and case 1 sequence was 69.42%. The exact differences in the sequences are
detailed in Figure 1. There was 110 substitution mutations and 12 addition
mutations. On the other hand, case 2 sequence was 69.01% identical to
MA 5 vaccine sequence. There was 114 substitution mutations, 13 addition
mutations and one deletion mutation (Figures 7, 8). Furthermore, The percent
identity of the MA 5 vaccine sequence and case 3 sequence was 68.98%.
There was 108 substitution mutations, 15 addition mutations and 2 deletion
mutations (Figure 9). Moreover, case 4 sequence was 69.55% identical to MA
5 sequence. There was 110 substitution mutations, 11 addition mutations and
one deletion mutations (Figure 10).

Sequence alignment of the four cases sequences revealed that case 1 sequence
was identical to case 2 sequence by 98.99% identity. The exact differences in
the sequences is detailed in Figure 11. There was 4 substitution mutations
in case 1 when compared to case 2. In addition, There was 97.84% identity
between case 1 and case 3. There was 8 substitution mutations and one
addition mutation (Figure 12). Moreover, There was 97.08% identity between
case 1 and case 4. There was 9 substitution mutations and 3 deletion mutation
(Figure 13). On the other hand, case 2 and case 3 was 99.75% identical with
one addition mutation in case 2 sequence when aligned to case 3 sequence
(Figure 14). Furthermore, case 2 and case 4 was 98.25% identical. There was

IB 120 Vaccine

MAS5 Vaccine

Case 1

Case 4

Case 2

Case 3

Figure 1: Molecular phylogenetic tree of the 6 sequences in our study.

Note: No field virus from the cases is closely related to the two vaccines.
Although, case 1 was the most similar to the vaccines followed by case 4. Case
2 and 3 are the most closely related.

Query 7 ATGGGTGGCATTTACATGGGGGTGCGTATGCGGTTGTTAATATTTCTAGTGAATCTAATA 66
ShICt 7 s s P s o e @ ois sreras 385 SN e 3 STAES. SRRURIS oTHS SRR 9 S 64

Query 67  ATGCAGGCTCTTCATCTGGGTGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATG 126
B L L D 124

Query 127 CTTCTTCTATAGCTATGACGGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTT 186
SDICE: 25 .o snvsn mimis simin i misan woueis mmas iscmcs muvie SimARAe Sani wssEA wisamis wsein emANIe Sswse sssds 184

Query 187 GTACTGCATACTGTAACTTTTCAGATACTACAGTGTTTGTTACACATTGTTATAAACATG 246
SBICE 185 s vivwii vieveweiti SN SRGRRGE SO UG S 6 R SR 290 TER 244

Query 247 TTGGGTGTCCTATAACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAA 306
B - T 304

Query 307 ATGGCCAGCTTTTTTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCAT 366
Shjct 305 ............. [Gh e cassions spsonsmssace ssssuollatans sssss o osanenstesshe sxoenckogsts suws ‘suoss 364

Query 367 TTCAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGCAttttttt 417
Shict 365 .....ciiviiiiesinisiiiieiiisiiiiiicsseaie AC..G.... 415

Figure 2: Comparison between IB 120 and MAS5 vaccine sequences.

Note: Dots indicate identical nitrogenous base while mutations are colored
with red. Keys: Query= MA 5 vaccine, Subject= 1B 120 vaccine, the symbol (-) in
the query sequence indicate an addition mutation and in the subject sequence
indicate a deletion mutation.

Query 26 GGGTGCGTATGCGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCATCTGG 85
Shjct 28 ...... LI A..A.C....G..... TTA....A.GC...C........ A..TG.ACA 87
Query 86 GTGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGAC 145
Shjct 88 C....... CA..GGC....T..T.GA..AAAAA.T...C...A...... B 147

Query 146 GGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTT 205
Shjct 148 A..... TGGTA .CT.A... | - S 207

Query 206 TTCAGATACTACAGTGTTTGTTACACATTGTTATAAACATG------ TTGGGTGTCCTAT 259
Shjct 208 C..G...TT......... Covivanvnaniinasias AG..GTTCAAA..TA..... AC. 267

Query 260 AACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA-GCTT- 317

Shjct 268 ..A..TC.TA.C.C.AGTGGC.A...T...A.C..... C....CG..A..AA.TA...C 327
Query 318 ----TTTTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTG 373
shjct 328 CTTG......... Covvvnnnn CCA..GA....A....... AA..... G..TC.G..A.. 387

Query 374 TGTTAATAATTTAACATCCGTATATTTAAATGGTGCAL 411
Shjct 388 L A.. 425

Figure 3: Comparison between IB 120 vaccine and case 1 sequence.

Note: Dots indicate identical nitrogenous base, while mutations are colored
with red. Keys: Query= Case 1, Subject= IB 120 vaccine, the symbol (-) in the
query sequence indicate an addition mutation and in the subject sequence
indicate a deletion mutation.

Query 21
Shjct 19

CATGGGGGTGCGTATGCGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCA 80
........... T cvnBeaaBaCos 208 uas JTTAw: BA68:s oGk saw sl 78

TCTGGGTGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCT 140
G.ACAC....... CA..GGC....T..T.GA..AAAAA.T...C...A...... G....C 138

Query 81
Shjct 79

Query 141 ATGACGGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGT 200
Shject 139 ..... A..... TGGTA........ Toeeaann A.CT.A.G.A........ 6..6C..... 198

Query 201 AACTTTTCAGATACTACAGTGTTTGTTACACATTGTTATAAACATG ------ TTGGGTGT 254
Sbjct 199 ..... [ Tl oms 26l wos soms s s e AG..GTTCAAA..TA. 258

Query 255 CCTATAACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA- 313

Shjct 259 ..AC....A..TC.TA.C.C.AGTGGC.A...T...A.A..... C....CG..A..AA. T 318
Query 314 GCTT----- TTTTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTT 368
Shjct 319 A...CCTTG..... C.nCCLii cinin v CCA; BA. o hiivirvni AA; : al G..TC.G 378

Query 369 CAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGC 409
Shjct 379 D e j 6 s v s o 419

Figure 4: Comparison between IB 120 vaccine and case 2 sequences.

Note: Dots indicate identical nitrogenous base, while mutations are colored
with red. Keys: Query= Case 2, Subject= IB 120 vaccine, the symbol (-) in the
query sequence indicate an addition mutation and in the subject sequence
indicate a deletion mutation.

Query 14

GCATTTACATGG - GGGTGCGTATGCGGTTGTTAATATTTCTAGTGAATCTAATAATGCAG 72
shjct 25  .:s:0.8.u::

CA...... T.oou.. A..A.C....6..... TTA....A.GC...C.... 84

Query 73 GCTCTTCATCTGGG- - -TGTACTGTTGEGTATTATTCATGGTGGTCGTGTTGTTAATGCTT 129
Shjct 85 el wiraie a CACAC....... CA..GGC....T..T.GA..AAAAA.T...C...A. 142

Query 130 CTTCTATAGCTATGACGGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTA 189
Shjct 143 ..... G. o i Ao TOOTA. . oo aieie i onien siorits A:CTABCA. ..o oo 202

Query 190 CTGCATACTGTAACTTTTCAGATACTACAGTGTTTGTTACACATTGTTATAAACATG--- 246
Shjct 203 .6::6C. e i i C..6...TT.....uus L AG..GTT 262

Query 247 ---TTGGGTGTCCTATAACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGA 303
Shjct 263 CAAA..TA..... AC....A..TC.TA.C.C.AGTGGC.A...T...A.A..... C. 322

Query 304 AAAATGGCCA-GCTT----- TTTTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTT 357
Shjct 323 CG..A..AA.TA...CCTTG..... B coninie nid CCA..GA....A....... AA. 382

Query 358 TTAAATCATTTCAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGCAttttttt 417
shjct 383
Figure 5: Comparison between IB 120 vaccine and case 3 sequences.

Note: Dots indicate identical nitrogenous base, while mutations are colored
with red. Keys: Query= Case 3, Subject= IB 120 vaccine, the symbol (-) in the
query sequence indicate an addition mutation and in the subject sequence
indicate a deletion mutation.

Query 33
Shjct 33 snpmma sARGGE (B s TTA...GA.GC.

TATGCGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCATCTGGGTGTACT 92
S0k s e A..TG.ACAC...... 91

Query 93
shjct 92

GTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACGGCACCG 152
.CA..GGC....T..T.GA..AAAAA.T. Aiiiis vara@ivea B sradlBarie oo 151

Query 153 TCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTTTCAGAT 212
Shjct 152 GGTA........ To s winn o A.CT.A...A.. civinin i 8..8C...c00c0un C..8... 211

Query 213 ACTACAGTGTTTGTTACACATTGTTATAAACATG------ TTGGGTGTCCTATAACTGGC 266
shjet 212 TT.:owsavas Civiiinvniniinnnnas AG..GTCCAAA..TA..... AC....A..T 271

Query 267 ATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA-GCTT----- TTT 320
Shjct 272 C.TA.C.C.AGTGGC.A...T...A.A..... c .CG..A..AA.TA...CCTTG... 331

Query 321 TATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTGTGTTAAT 38a
shjet 332 ..c..cC........ CCA..GA....A....... AA..... G..TC.G..A...... G.. 391

Query 381 AATTTAACATCCGTATATTTAAATGGTGCAttttttt 417
shjct 392 ..... T wiscass TieBoes s wrves s AC..G.... 428

Figure 6: Comparison between IB 120 vaccine and case 4 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. Keys: Query= Case 4, Subject= IB 120 vaccine, the symbol (-) in the query
sequence indicate an addition mutation and in the subject sequence indicate
a deletion mutation.
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Query 31 TATGGGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCATCTGGGTGTACT 90
Shjct 35 o Ty T - TTA....A.GC...C........ A..TG.ACAC...... 94
Query 91 GTTGGTATTATTcATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACGGCACCG 15@
Shjct 95 .CA..GGC....T..T.GA..AAAAA.T. A......6....C.....A..... 154

Query 151 TCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTTTCAGAT 210
Shjct 155 GGTA........T....... A.CT.A...A........G..GC.......... 214

Query 211 ACTACAGTGTTTGTTACACATTGTTATAAACATGG------ TGGGTGTCCTATAACTGGC 264
shjct 215 T¥os e sows G it Sivss BESIRE AG...TTCAAA..TA..... AC....A..T 274

Query 265 ATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA-GCTT----- TTC 318
Shjct 275 C.TA.C.C.AGTGGC.A...T...A.C..... C....CG..A..AA.TA...CCTTG..T 334

Query 319 TATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTGTGTTAAT 378
Shjct 335 ...... e s CCA..GA....A....... AA..... G..TC.G..A...... G. 394

Query 379 AATTTAACATCCGTATATTTAAATGGTGACTTGTTTTTT 417
Shict. 395 s W omw TolGhionr sy s v Ay s 433

Figure 7: Comparison between MA 5 vaccine and case 1 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. Keys: Query= Case 1, Subject= MA 5 Vaccine, the symbol (-) in the query
sequence indicate an addition mutation and in the subject sequence indicate
a deletion mutation.

Query 12 TGGATTTACATGGGGGT -CGTATGGGGTTGTTAATATTTCTAGTGAATCTAATAATGCAG 70
shjet 11 ..... AAG: .:..iaun 6.T....CA..A:C....6....: TTA....A.GC...C.... 70
Query 71 GCTCTTCATCTGGGTGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTT 130
Shjct 71 .A..TG.ACAC....... CA..GGC....T..T.GA..AAAAA.T...C...A.... 130

Query 131 CTATAGCTATGACGGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTG 190

Shjct 131 .G....C..... A..... TGGTA........ i 2o 5 A.CT.A.G.A........ G. 190
Query 191 CATACTGTAACTTTTCAGATACTACAGTGTTTGTTACACATTGTTATAAACATGG----- 245
sbjct 191 .6C.....s:ii.s Gl s Thbars v wls s s’ sew Tese s AG...TTCAA 250
Query 246 -TGGGTGTCCTATAACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAA 304
Shjct 251 A..TA..... AC....A..TC.TA.C.C.AGTGGC.A...T...A.A..... C....CG. 310
Query 305 ATGGCCA-GCTT----- TTCTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTA 358
Sbjct 311 .A..AA.TA...CCTTG..T..C..CC........ CC Ass o o 37a

Query 359 AATCATTTCAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGACTTG 411
Sbjct 371 .G..TC.G..A...... 6w LR ToalBliean wan vy woa ... 422

Figure 8: Comparison between MA 5 vaccine and case 2 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. Keys: Query= Case 2, Subject= MA 5 Vaccine, the symbol (-) in the query
sequence indicate an addition mutation and in the subject sequence indicate
a deletion mutation.

Query 31
Shjct 45

TATGGGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCATCTGGG- --TGT 87
..CA..A.C....G..... TTA....A.GC...C...... Comoicc sk aia CACAC... 102

ACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACGGCA 147
.CA..GGC....T..T.GA..AAAAA.T...C...A...... 6....C..... A. 162

Query 88
Shjct 163

Query 148 CCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTTTCA 207
Shjct 163 ..TGGTA........ | [T A.CT.A.G.A........ 6. .6C. ... e i C..G 222

Query 208 GATACTACAGTGTTTGTTACACATTGTTATAAACATGG —————— TGGGTGTCCTATAACT 261
Shjct 223 G...TTCAAA..TA..... AC....A 282

Query 262 GGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA-GCTT----- 315
Shjct 283 ..TC.TA.C.C.AGTGGC.A...T...A.A..... C....CG..A..AA.TA...CCTTG 342

Query 316 TTCTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTGTGTT 375
shjct 343

Query 376 AATAATTTAACATCCGTATATTTAAATGGTGACTTGTTTTTTC 418
Shjct 403 6 B:5iae s vy B L 445

Figure 9: Comparison between MA 5 vaccine and case 3 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored

with red. Keys: Query= Case 3, Subject= MA 5 Vaccine, the symbol (-) in the

query sequence indicate an addition mutation and in the subject sequence
indicate a deletion mutation.

Query 25 GGGTCGTATGGGGTTGTTAATATTTCTAGTGAATCTAATAATGCAGGCTCTTCATCTGGG 84
Shjct 27 B (1 -.A.C....G..... TTA...GA.GC...C........ A..TG.ACAC 85
Query 85 TGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACG 144
Shjct 86 ....... CA..GGC....T..T.GA..AAAAA.T...C...A...... G....C..... A 145

Query 145 GCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTT 204
Shjct 146 ..... TGGTA .CT.A...A........G..GC.......... 205

Query 205 TCAGATACTACAGTGTTTGTTACACATTGTTATAAACATGG------ TGGGTGTCCTATA 258
Shjct 206 ..G...TT .TCCAAA..TA..... AC.. 265

Query 259 ACTGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGCCA-GCTT-- 315

Shjct 266 ..A..TC.TA.C.C.AGTGGC.A...T...A.A..... Cc .CG..A..AA.TA...CC 325
Query 316 ---TTCTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTGT 372
Sbjct 326 TTG..T..C..CC........ CCGA. .GA. ... A..... cconiv AR. . ons G..TC.G..A... 385

Query 373 GTTAATAATTTAACATCCGTATATTTAAATGGTGACTTGTTTTT 416

shict 386 .6 B oy onizas s S SR SR 429

Figure 10: Comparlson between MA 5 vaccine and case 4 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. Keys: Query= Case 4, Subject= MA 5 Vaccine, the symbol (-) in the query
sequence indicate an addition mutation and in the subject sequence indicate
a deletion mutation.

Query 28  GGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGCTAACGCAGGCTCATCTGCACA 87
SHICE: 28 v iy swss VopE AT S 19 SR BN B SIS TG RN D NG G § 83
Query 88  CTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTACTGCATCTTCTGTAGCCATGAC 147
SBICE BB ittt e e e e e 143

Query 148 AGCACCTGGTACAGGTATGTCTTGGTCAACTAATCAATTTTGTACGGCGCACTGTAACTT 207
SBICT 244 ittt L 203

Query 208 CTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAAGTGGTTCAAATGTATGTCCACT 267
Shict 204 snws cpwivin SRR GRS SRR SRVEHEE Db S SUNE SRR Sa DT 5 van 263

Query 268 AACAGGTCTTATCCCAAGTGGCTATATTCGTATCTCTGCCATGACGAAAGGAAATACTTC 327
SBICE 264 s sciwes ssaalar s s o o Rz crars anasewzsvans o Svavem seess @ S 323

Query 328 CTTGTTTTATAATCTAACAGTTCCAGTGACTAAATACCCTAAATTTAAGTCTCTGCAATG 387
Shjct 324 ......... Lo P 383

Query 388 TGTTGATAATTTTACATCTGTGTATTTAAATGGTG 422
Shjct 384 .i.iiiisevisiiiaviaves i deds sdeee 418

Figure 11: Comparison between case 1 and case 2 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. keys: Query= Case 2, Subject= Case 1, the symbol (-) in the query sequence
indicate an addition mutation and in the subject sequence indicate a deletion
mutation.

Query 18 TGTGCACGCAGGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGCTAACGCAGGC- 76
Shjct 28 ...... T c 87
Query 77 TCATCTGCACACTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTACTGCATCTTCT 136
SHJCt B8 suis sswmsisves svesiaes s SN EreR S s N SRS SEOE s SR o5 147

Query 137 GTAGCCATGACAGCACCTGGTACAGGTATGTCTTGGTCAACTAATCAATTTTGTACGGCG 196
SDJGE 148 .o sssvimisinss smsensioinin viexnun sfsislanese mimsaglsEnie Sennss egaEerun - 207

Query 197 CACTGTAACTTCTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAAGTGGTTCAAAT 256
ShjGt 208 s sy ann (N IHE DAHS SEHTEEE TSNS VA SRR G VIR A Rt W 267

Query 257 GTATGTCCACTAACAGGTCTTATCCCAAGTGGCTATATTCGTATCTCTGCCATGACGAAA 316
SBIEE! 268 s smvwmiries svswsarssns sioe SeniImE SSRGS s St SRS S o0 327

Query 317 GGAAATACTTCCTTGTTTTATAATCTAACAGTTCCAGTGACTAAATACCCTAAATTTAAG 376
ShIct 328 . .iu ciminin riese simime evaie wn ¢ N N N 387

Query 377 TCTCTGCAATGTGTTGATAATTTTACATCTGTGTATTTAAATGGTGAATAGATTTTT 433
ShICct 388  can v owt v v v SR G AR B RN e R o 1§ § B 444
Figure 12: Comparison between case 1 and case 3 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored
with red. Keys: Query= Case 3, Subject= Case 1, the symbol (-) in the query
sequence indicate an addition mutation and in the subject sequence indicate
a deletion mutation.

Query 27  AGGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGCTAACGCAGGCTCATCTGCAC 86
shjct 26  ...... — I s 53 s G SGI R § o 83
Query 87  ACTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTACTGCATCTTCTGTAGCCATGA 146
SBICE BB ittt et e e 143

Query 147 CAGCACCTGGTACAGGTATGTCTTGGTCAACTAATCAATTTTGTACGGCGCACTGTAACT 206
E T S S 203

Query 207 TCTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAAGTGGTTCAAATGTATGTCCAC 266
ShICE 204 ouup semaisEy TRRS T WOE SRR S g cwns o sBas s s B9 vem 263

Query 267 TAACAGGTCTTATCCCAAGTGGCTATATTCGTATCTCTGCCATGACGAAAGGAAATACTT 326
SBICE 264: i scrimen sl s aserreTee ot Bt S SSNTSTETYSIE Weere SUNSI EEN ¥R 323

Query 327 CCTTGTTTTATAATCTAACAGTTCCAGTGACTAAATACCCTAAATTTAAGTCTCTGCAAT 386
Shject 324 .......... Lo P 383

Query 387 GTGTTGATAATTTTACATCTGTGTATTTAAATGGTGAATAGATTTTTATAC 437

SBICE. 384  saen swimwaat st & e S00E S0 WHAN ST S0 & G T s avvis o C.. 433

Figure 13: Comparison between case 1 and case 4 sequences.

Note: Dots indicate similar nitrogenous base, while mutations are colored with
red. Keys: Query= Case 4, Subject= Case 1, the symbol (-) in the query sequence
indicate an addition mutation and in the subject sequence indicate a deletion
mutation.

Query 24  GGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGCTAACGCAGGC-TCATCTGCAC 82
ShICE 38 oy ovp aeiys 950 TES D80 HEn A S TN SEWE S5 SRR G BE Civvis sans i 97
Query 83 ACTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTACTGCATCTTCTGTAGCCATGA 142
SHJCE 98 s ammiunwraus swwe wiomss sswse aedutalsfiver ) ieva SENESSS GuRe HHT TS VIR SRR IBOARS eEEe 157

Query 143 CAGCACCTGGTACAGGTATGTCTTGGTCAACTAATGAATTTTGTACGGCGCACTGTAACT 202
SHICE. A58 ..o sosiewimims s (Simnonn susne oloione nswinin nraie: SsdTe skkss sbaniel Rt Saexie Smselsminy auad 217

Query 203 TCTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAAGTGGTTCAAATGTATGTCCAC 262
Shjct 218 .iiucnieeaicen s s i s e fee e sea EReE EEe s a s s e e ine 277

Query 263 TAACAGGTCTTATCCCAAGTGGCTATATTCGTATATCTGCCATGACGAAAGGAAATACTT 322
SDHICE 278 .ivuivw vioms snviave svomn wisvoss svave Siviere swenal s e satele’ orare TSUAL WESTe Scediid Siee SVETNS wens 337

Query 323 CCTTGTTTTACAACCTAACAGTTCCAGTGACTAAATACCCTAAATTTAAGTCTCTGCAAT 382
ShHCE 838 smie suommamoises s 'sciems muses SACUENrTans\ B svias ASESaTeshiss RibAaTeAHice Dann:s SATTRRS s5oi 397

Query 383 GTGTTGATAATTTTACATCTGTGTATTTAAATGGTG 418
SHICE 398  wuriiv v wineis s wiws S 4T S & BN SRS 433

Figure 14: Comparison between case 2 and case 3 sequences.

Note: Dots indicate similar nitrogenous base and mutations are colored with
red. Keys: Query= Case 3, Subject= Case 2, the symbol (-) in the query sequence
indicate an addition mutation and in the subject sequence indicate a deletion
mutation.
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4 substitution mutations, 2 deletion mutations and one addition mutation in
case 2 sequence when aligned to case 4 sequence (Figure 15). Finally, case
3 and case 4 was 96.72% identical. There was 10 substitution mutations and
4 deletion mutations in case 3 sequence when aligned to case 4 sequence
(Figure 16).

In total, sequence alignment showed that vaccine viruses differ by more than
30% when compared to sequences of all the field viruses (Tables 1-2). Hence,
the vaccinal viruses are grouped separately from the rest of field viruses in the

Query 24 GGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGCTAACGCAGGCTCATCTGCACA 83
shject 27 ..... Seeaan LT L 84
Query 84  CTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTACTGCATCTTCTGTAGCCATGAC 143
SHJCE BB:  winiie wsi wvevsne sveiiesshes @uiere afede Ters ke sYIETe W weYALE ARtave subsHISIRlETe eTE WIST 144

Query 144 AGCACCTGGTACAGGTATGTCTTGGTCAACTAATGAATTTTGTACGGCGCACTGTAACTT 203
Shjct 145 ... ...ttt OF .5 o\ oozsetaness saoze sToToxe susas sisis 204

Query 204 CTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAAGTGGTTCAAATGTATGTCCACT 263
ShICE" 1205 sy owpisiaw s el S SRGIDISE SUAGEEE A FIRE Covvnrnnnnnnnnnns 264

Query 264 AACAGGTCTTATCCCAAGTGGCTATATTCGTATATCTGCCATGACGAAAGGAAATACTTC 323
SBJCt 1265, nines smsursioress v araere svecuis wipsiiesers e SiNGYe SXATa & EYATAINTRIAE WPS GNATTS avecs VENHE 324

Query 324 CTTGTTTTACAACCTAACAGTTCCAGTGACTAAATACCCTAAATTTAAGTCTCTGCAATG 383
shjct 325

Query 384 TGTTGATAATTTTACATCTGTGTATTTAAATGGTG-CTTG 422
ShICE. 385 s e nmn i o VAT RN GRS SaEele A.... 424

Figure 15: Comparison between case 2 and Case 4 sequences.

Note: Dots indicate similar nitrogenous base and mutations are colored with
red. Keys: Query= Case 4, Subject= Case 2, the symbol (-) in the query sequence
indicate an addition mutation and in the subject sequence indicate a deletion
mutation.

Query 17 GTGTCTGCGCATGTGCATGCAGGGTGCTTATGCAGTAGCTAATGTTTCTTTAGAATATGC 76
Shjct 7 seeBlusn vaa o8 A.T-..A...... L Briss ey Sy SR T TROE 5 G.... 63
Query 77 TAACGCAGGCCTCATCTGCACACTGTACTGCAGGGGCTATTTATTGGAGTAAAAATTTTA 136
sbjct 64 .......... T T I 122

Query 137 CTGCATCTTCTGTAGCCATGACAGCACCTGGTACAGGTATGTCTTGGTCAACTAATGAAT 196
F] s e - C... 182

Query 197 TTTGTACGGCGCACTGTAACTTCTCGGATTTTACAGTGTTCGTTACACATTGTTATAAAA 256
SHICE 183  wrvvs v v o sk U5 NN SAT5 VESHE B YOI VAN ST HAAT S BN B R o 242

Query 257 GTGGTTCAAATGTATGTCCACTAACAGGTCTTATCCCAAGTGGCTATATTCGTATATCTG 316
Shjct 243 ..... 0% wviran s R GRSV W VIR S W ST SOV GRE BE SERe BE B § e 302

Query 317 CCATGACGAAAGGAAATACTTCCTTGTTTTACAACCTAACAGTTCCAGTGACTAAATACC 376
SBICE: B3B3 cicicis simie wisionn viminie ssn wnsnss wige misisse sese uederis wisvmin Gisin sEiee wisie aisdste My ¥ i 362

Query 377 CTAAATTTAAGTCTCTGCAATGTGTTGATAATTTTACATCTGTGTATTTAAATGGTGAAL 436
SBICE. 363 ins sivunes SR IS DERG SO NeE s SRR SR e e DA Bae B C. 422

Query 437 ttttttt 443
shjct 423 .6..... 429

Figure 16: Comparison between case 3 and case 4 sequences.

Note: Dots indicate similar nitrogenous base and mutations are colored with
red. Keys: Query= Case 4, Subject= Case 3, the symbol (-) in the query sequence
indicate an addition mutation and in the subject sequence indicate a deletion
mutation.

Table 1: The sequenced viruses and their GenBank accession numbers.

Virus GenBank Accession Number
IB H120 vaccine OP373738
MADS vaccine 0OP373739
Case 1 0OP373740
Case 2 0OP373741
Case 3 0OP373742
Case 4 0OP373743

Table 2: Percent identity of sequences.

1B 120 MAS5 Case 1 Case2 Case3 Case4
Vaccine = Vaccine

1B 120 Vaccine 98.05% | 69.85% | 69.58%  69.52% | 68.77%
MAS5 Vaccine | 98.05% 69.42% | 69.01% 68.98% | 69.55%
Case 1 69.85% | 69.42% 98.99% | 97.84%  97.08%
Case 2 69.58% = 69.01% | 98.99% 99.75% | 98.25%
Case 3 69.52% = 68.98% | 97.84% | 99.75% 96.72%

Case 4 68.77% = 69.55% = 97.08% | 98.25% | 96.72%

Note: Bold and Empty cells indicate high similarity in the sequences. There was
high similarity between the two vaccines but they both differ by more than 30%
when compared with all cases.

molecular phylogenetic tree in Figure 1. This difference is a huge difference in
molecular terms especially when taking into consideration that the difference
between human and mice genome is only about 20% (Mouse Genome
Sequencing Consortium, 2002).

Our results emphasize the importance of genetic diversity and confirm the
the presence of continuous sequence alterations. This was demonstrated by
comparing our sequences to each other and found nucleotide mutations in
each pair of isolates compared. The presence of high sequence alterations
in IBVs was investigated by Umar et al., (2016). They highlighted the three
elements that may cause these alterations. First, There is no RNA polymerase
proofreading, this causes errors and hence mutations. Second, the constant
use of different live vaccines will lead to recombination and emergence of new
strains. Third, continuous circulation of the virus will cause pressure on the
birds immune system and increase the chance of errors during replication.

Conclusions

1. There was more than 30% difference in the S1 gene sequence when
comparing sequences from vaccines used in Iraq and viruses circulating
locally.

2. Thedifference between genetic sequence leads to vaccine failure due to
difference in the antigenic molecules on the spike protein of IBV.

3. Our result showed that gene sequencing provides great benefits in
designing and choosing vaccines against local viruses.

4. There was continuous occurrence of mutations in local IBV viruses. This
was shown in the comparison between our sequences and previous
sequence data in the GenBank.

References

Abdulmaged, S. H. (2017). Efficacy of infectious bronchitis disease vaccines as
measured by viral shed after virulent challenge in broiler. Basrah Journal
of Veterinary Research., 16(2).

Ali Ameen, N., & Hussein Raoof, H. (2013). Interference of Infectious Bronchitis
Virus Vaccine with Immune Response induced by Infectious Bursal Disease
Virus Vaccine in Broiler Chicks. Journal of Kerbala University, 9(1), 140-146.

Al-Khafaji, M. A.]. (2013). Evaluation the efficacy of volvac® vaccine to Infectious
Bronchitis and determine the best rout of administration. Al-Qadisiyah
Journal of Veterinary Medicine Sciences, 12(2), 36-44.

AL-Zuhariy, M. T. (2017). Improved vaccine strategies of infectious bronchitis
disease to reduce shedding of virulent virus from infected birds. Kufa
Journal For Veterinary Medical Sciences, 8(1).

Benyeda, Z., Mato, T., Sveges, T., Szabo, E., Kardi, V., Abonyi-Téth, Z., Rusvai,
M., & Palya, V. (2009). Comparison of the pathogenicity of QX-like, M41 and
793/B infectious bronchitis strains from different pathological conditions.
Avian Pathology, 38(6), 449-456.

Cavanagh, D. (2007). Coronavirus avian infectious bronchitis virus. Veterinary
Research, 38(2), 281-297.

Ellakany, H. F., Elbestawy, A. R., Abd-Elhamid, H. S., Gado, A. R., Nassar, A.
A., Abdel-Latif, M. A., Ghanima, I. A., Abd El-Hack, M. E., Swelum, A. A,
& Saadeldin, I. M. (2019). Effect of experimental Ornithobacterium
rhinotracheale infection along with live infectious bronchitis vaccination in
broiler chickens. Poultry Science, 98(1), 105-111.

Ennaji, Y., Khataby, K., & Ennaji, M. M. (2020). Infectious bronchitis virus in
poultry: Molecular epidemiology and factors leading to the emergence
and reemergence of novel strains of infectious bronchitis virus. In M. M.
Ennaji, Emerging and Reemerging Viral Pathogens: Vol. Volume 2: Applied
Virology Approaches Related to Human, Animal and Environmental
Pathogens (pp. 31-44). Elsevier.

Hammadi, H. A, & Zahid, A. A. H. (2015). Preparation and evaluation of
multivalent infectious bronchitis vaccine from commercial vaccine strains.
Al-Qadisiyah Journal of Veterinary Medicine Sciences, 14(2), 55-60.

Hassan, K. E., Ali, A, Shany, S. A.,, & El-Kady, M. F. (2017). Experimental co-
infection of infectious bronchitis and low pathogenic avian influenza HON2
viruses in commercial broiler chickens. Research in Veterinary Science,
115, 356-362.

Ibrahiem, Z. Y. (2016). Molecular detection of Avian Influenza virus, Newcastle
disease virus, Infectious bronchitis virus and Mycoplasma gallisepticum in
broiler flocks with airsacculitis [M.Sc Thesis]. University of Baghdad.

Jackwood, M. W., & de Wit, S. (2020). Infectious Bronchitis. In D. E. Swayne,
M. Boulianne, C. M. Logue, L. R. McDougald, V. Nair, & D. L. Suarez,
Diseases of Poultry (pp. 167-188). John Wiley & Sons, Ltd. https://doi.
org/10.1002/9781119371199.ch4

314

Revista Iberoamericana de Psicologia del Ejercicio y el Deporte. Vol. 17, n° 5 (2022)



MOLECULAR SIMILARLY BETWEEN INFECTIOUS BRONCHITIS VIRUSES AND COMMON VACCINES

Jackwood, M. W., Hilt, D. A, Sellers, H. S., Williams, S. M., & Lasher, H. N. (2010).
Rapid heat-treatment attenuation of infectious bronchitis virus. Avian
Pathology, 39(3), 227-233.

Jordan, B. (2017). Vaccination against infectious bronchitis virus: A continuous
challenge. Veterinary Microbiology, 206, 137-143.

Kadhym, M. J., & Zahid, A. H. (2017) field evaluation of bivalent killed vaccine of
infectious bronchitis and newcastle diseases prepared from local isolated
strains of broilers in iraq. iraq journal of agricultural research, 22(3).

Khamas, E. J. (2008). Avian influenza (HON2) outbreak in Iraqg. The Iraqgi Journal
of Veterinary Medicine, 32(1), 223-230.

Khataby, K., Kasmi, Y., Souiri, A., Loutfi, C., & Ennaji, M. M. (2020). Avian
Coronavirus: Case of Infectious Bronchitis Virus Pathogenesis, Diagnostic
Approaches, and Phylogenetic Relationship Among Emerging Strains in
Middle East and North Africa Regions. Emerging and Reemerging Viral
Pathogens, 729-744. https://doi.org/10.1016/B978-0-12-819400-3.00033-8

Mohammed, M. H., Hair-Bejo, M., Zahid, bdel A. H., Alazawy, A., Abdul Ahad,
E. A., & Hasoon, M. F. (2013). Isolation of Infectious Bronchitis Virus in
Primary cells of the Chick Embryo Chorioallantoic Membrane. The Iraqi
Journal of Veterinary Medicine, 37(1), 109-114.

Mouse Genome Sequencing Consortium. (2002). Initial sequencing and
comparative analysis of the mouse genome. Nature, 420(6915), 520-562.
https://doi.org/10.1038/nature01262

Najimudeen, S. M., Hassan, M. S. H., Cork, S. C., & Abdul-Careem, M. F. (2020).
Infectious bronchitis coronavirus infection in chickens: Multiple system
disease with immune suppression. Pathogens, 9(10), 779.

OIE. (2018). Avian infectious bronchitis. In Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals 2018. World Organisation for Animal
Health. https://www.oie.int/en/disease/avian-infectious-bronchitis/

Raoof, H. S., Sheikh, M. O. B., & Sulaiman, R. R. (2021). Detection and molecular
characterization of infectious bronchitis virus from recent outbreaks in
broiler flocks in Sulaimani Governorate. Veterinary Research Forum, 12(1),
117.

Saood, A. I, & Al-Mayah, A. A. (2017). DETECTION OF CILIARY ACTIVITY
FOLLOWING VACCINATION WITH 3 COMMERITIAL INFECTIOUS
BRONCHITIS VACCINES IN BROILER BIRDS. Infection, 6, 7.

Umar, S., Shah, M. A. A., Munir, M. T., Ahsan, U., & Kaboudi, K. (2016). Infectious
bronchitis virus: Evolution and vaccination. World's Poultry Science
Journal, 72(1), 49-60.

Vagnozzi, A., Garcia, M., Riblet, S. M., & Zavala, G. (2010). Protection induced
by infectious laryngotracheitis virus vaccines alone and combined with
Newcastle disease virus and/or infectious bronchitis virus vaccines. Avian
Diseases, 54(4), 1210-1219.

Zahid, A. H., Katam, L. I, & Al-Safy, A. K. (2011). Interfering of infectious
bronchitis vaccine (ma5 and 4/91) strains on the immune response of
newcastle and avian influenza vaccines in male layers. iraq journal of
agricultural research, 2(16).

Ziegler, A. F., Ladman, B. S., Dunn, P. A, Schneider, A., Davison, S., Miller, P. G.,
Lu, H., Weinstock, D., Salem, M., & Eckroade, R. ]. (2002). Nephropathogenic
infectious bronchitis in Pennsylvania chickens 1997-2000. Avian Diseases,
46(4), 847-858.

Revista Iberoamericana de Psicologia del Ejercicio y el Deporte. Vol. 17, n°5 (2022)

315



