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Abstract: Infectious Bronchitis Virus (IBV) is a major threat to the poultry industry worldwide, causing
significant economic losses. While the virus’s genetic structure is well understood, the specific strains
circulating in Bolivia have remained uncharacterized until now. This study aimed to identify and
characterize new IBV strains in Bolivia. Tissue samples from broilers exhibiting clinical signs of Infectious
Bronchitis were screened to detect IBV using real-time RT-PCR (RT-qPCR). Positive samples with low
cycle threshold (Ct) values were selected for sequencing the full S1 gene. Of the 12 samples analyzed,
10 were determined to be positive for IBV. However, only four samples yielded sufficient genetic material
for sequencing and subsequent phylogenetic analysis. The results revealed the presence of GI-1 and
GI-23 lineages, both belonging to genotype I (GI). The GI-1 lineage showed >99% sequence identity
to the H120 and Massachusetts vaccine strains, suggesting a close relationship. In contrast, the GI-23
lineage clustered with other IBV strains, showing a distinct subclade that is genetically distant from
Brazilian strains. No evidence of recombination was found. Furthermore, amino acid substitution
analysis identified specific mutations in the S1 subunit, particularly in the hypervariable regions 1, 2, and
3. These mutations could potentially alter the virus’s antigenicity, leading to reduced vaccine efficacy.
The findings of this study highlight the importance of continued and broad genomic surveillance of
circulating IBV strains and the need to improve vaccination strategies in Bolivia.
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1. Introduction

Infectious Bronchitis (IB) is an acute, contagious disease affecting poultry worldwide,
caused by the Infectious Bronchitis Virus (IBV) [1]. IBV is a highly contagious virus that
affects multiple bird systems, including the respiratory, enteric, renal, and reproductive
tracts [1-3]. Common symptoms include difficulty breathing, coughing, sneezing, and
reduced egg quality and production [4,5]. IBV infection is the second most damaging
poultry disease globally, following highly pathogenic influenza [6]. Live, live-attenuated,
and inactivated vaccines, primarily derived from the Massachusetts (Mass) lineage 1
(GI-1), are used to protect and control poultry. However, vaccination provides incomplete
protection due to IBV’s high capacity for genetic change through mutation, leading to the
emergence of new IBV genotypes and variants [4,7]. Therefore, IBV requires continuous
monitoring of its genetic composition to develop effective vaccines for specific regions.

IBV is a positive-sense single-stranded RNA (+ssRNA) virus classified within the family
Coronaviridae, subfamily Orthocoronavirinae, and genus Gammacoronavirus [5]. Its approximately
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27.6 kb sized genome encodes an RNA-dependent RNA polymerase and four structural
proteins: nucleocapsid (N), membrane (M), envelope (E), and spike (S) [4,8-10]. The S protein
consists of two subunits: S1, responsible for viral attachment to host cells, and S2, involved
in viral entry. The S1 subunit contains hypervariable regions (HVR1, HVR2, and HVR3)
that exhibit high diversity among different viral lineages and strains [9]. Moreover, the
51 subunit is responsible for inducing neutralizing antibodies and determining the virus’s
antigenicity [11,12]. Currently, S1 genetic analysis is the gold standard for classifying IBV
strains and assessing vaccine efficacy [10]. Therefore, the S1 gene phylogenetic analysis is
crucial for identifying circulating IBV genotypes and lineages worldwide [4,13].

To date, nine IBV genotypes (GI to GIX) comprising 39 lineages have been identified
worldwide [2,14-19]. Among these, lineages GI-1, GI-9, GI-11, GI-13, GI-16, and GI-23
have been reported in South American countries, including Colombia [20], Trinidad and
Tobago [21], Uruguay [7,22], Chile [23,24], Peru [25,26], Argentina [7], and Brazil [2,9,27,28].
However, there are no available data on the circulation of different IBV lineages in Bolivia,
hindering the development of effective control and vaccination strategies.

Most IBV outbreaks in South America involve the GI-1, GI-11, and GI-16 lineages.
The GI-1 lineage is primarily associated with respiratory problems and is characterized
as a vaccine-type strain [2,20,21,29]. The GI-11 and GI-16 lineages have been linked to
respiratory disease, infertility, decreased egg production, and poor egg quality [30]. Some
strains within these lineages have exhibited recombination events [7]. Recently, a new
lineage, GI-23, was reported only in Brazil during an outbreak in 2022 [9] and deserves
greater attention due to its rapid spread to different continents of the world [31,32]. The
GI-23 lineage is of particular concern due to its high pathogenicity and association with
severe upper respiratory and kidney diseases in poultry [2].

Despite vaccination against IBV in Bolivia’s high-density broiler areas, small outbreaks
continue to occur primarily due to intensive farming practices. Recently, there has been
an increase in cases of kidney and respiratory diseases associated with IBV infection in
Bolivian broiler farms; however, the causative IBV strain remains unknown. To address
this knowledge gap, this study aims to identify and characterize IBV strains affecting
poultry production farms in Bolivia. A key contribution of this study is the first-time
characterization of the full IBV S1 gene for the GI-1 and GI-23 lineages. This information
could be used to improve vaccination programs and reduce recent outbreaks in Bolivia.

2. Materials and Methods
2.1. Clinical Samples

A total of twelve samples randomly collected from a commercial broiler were used in
this study. The samples were collected from a poultry farm with suspected IBV infection
located in Cochabamba, Bolivia, in April 2024. The samples were spotted on the 4 areas
of the QIAcard FTA Classic (QIAGEN, Hilden, Germany) within 24 h of collection and
dried for 3 h at room temperature. After drying, each sample-spotted FTA card was
individually enclosed in double leak-proof zip-lock plastic bags. All samples were shipped
to the Molecular Diagnostic Laboratory of Farmacologicos Veterinarios SAC (FARVET),
Chincha Alta, Peru, and stored at room temperature until further processing. More detailed
information on the samples is listed in Table 1.

Table 1. Bolivian samples used in this study.

Sample

Sequencing ID

Sample Type Clinical Signs Age Year Country of RT-gPCR

Origin Ct Value
524 na Trachea Respiratory 21 days 2024 Bolivia +/25.83
525 VFAR-187 Trachea lif;fﬁg(l’;ylggj 21 days 2024 Bolivia +/23.73
526 na Paranasal sinuses Respiratory 21 days 2024 Bolivia +/27.00
527 na Kidney Nephritis 21 days 2024 Bolivia —/no Ct




Viruses 2024, 16, 1463

30f12

Table 1. Cont.

Sample

Sequencing ID

Sample Type Clinical Signs Age Year Country of RT-qPCR

Origin Ct Value
529 VFAR-188 Trachea Respiratory 28 days 2024 Bolivia +/19.26
530 VFAR-189 kidney Respiratory and nephritis 25 days 2024 Bolivia +/23.08
531 VFAR-190 Paranasal sinuses Respiratory 28 days 2024 Bolivia +/18.93
532 na Kidney Nephritis 25 days 2024 Bolivia —/no Ct
534 na Trachea Respiratory 33 days 2024 Bolivia +/26.10
535 na Cecal tonsil Respiratory and diarrhea 33 days 2024 Bolivia +/30.15
536 na Paranasal sinuses Respiratory 33 days 2024 Bolivia +/29.86
537 na Kidney Nephritis 33 days 2024 Bolivia +/31.92

na: not applicable, +: positive sample, —: negative sample.

2.2. RNA Extraction and Molecular Detection

All received samples were initially screened for IBV prior to virus sequencing. From each
sample-spotted FTA card, 16 disks measuring 3 mm in diameter (4 disks per spotted area) were
cut out using a sterile Harris Micro-punch 3.00 mm (Whatman, USA) and incubated for 30 min
at room temperature in 400 pL of nuclease-free TE buffer (10 mM Tris-HCL 0.1 mM EDTA,
pH 8.0) to elute nucleic acids. Total RNA was extracted from 200 puL of the TE eluate using
a QIAamp MinElute Virus Spin Kit (Qiagen, Hilden, Germany) on an automated QIAcube
Connect instrument (Qiagen, Hilden, Germany) following the manufacturer’s instructions.

Detection was performed using RT-qPCR using primer sets IBV-N-F (5'-ATGCTCAAC
CTTGTCCCTAGCA-3') and IBV-N-R (5-TCAAACTGCGGATCATCACGT-3') described by
Meir et al. [33], targeting the Nucleocapsid (N) gene of the IBV genome. Amplification was
performed using the Luna® Universal One-Step RT-qPCR Kit (New England Biolabs, Ip-
swich, MA, USA) on a Rotor-Gene Q 5Plex HRM (Qiagen, Hilden, Germany), following the
manufacturer’s instructions. The reaction mixture underwent reverse transcription at 55 °C
for 10 min, initial denaturation at 95 °C for 1 min, followed by 40 cycles of denaturation
at 95 °C for 10 s and annealing and extension at 60 °C for 30 s. The fluorescence signal of
each amplified product was recorded continuously as the temperature was increased from
70 to 95 °C, with the acquisition of fluorescence data every 1.0 °C. This process amplified
a 130 bp segment with a melting temperature (Tm) of 83-83.5 °C. Both the amplification
curve (Ct) and melting curve (T'm) data were used to determine positive or negative status.
Samples with low Ct values (Ct < 25), indicating high viral loads, were selected for full S1
gene amplification and sequencing analysis.

2.3. cDNA Synthesis and PCR Reaction for Full S1 Gene Amplification

Four positive IBV samples detected using RT-qPCR with Ct values < 25 were selected for
full S1 gene amplification and sequencing (VFAR-187, VFAR-188, VFAR-189, and VFAR-190).
For cDNA synthesis, 7 puL of total RNA (300 ng) from each sample and 2 pL of random hexamer
primer (New England Biolabs, Ipswich, MA, USA) were subjected to reverse transcription using
ProtoScript® I Reverse Transcriptase (New England Biolabs, Ipswich, MA, USA) according
to the manufacturer’s protocol. Subsequently, the full S1 gene was amplified using a reaction
mixture containing 10 uL of Phusion Hot Start II High-Fidelity PCR Master Mix (1x) (Thermo
Scientific, Waltham, MA, USA), 1 uL of forward primer (5-TGAAACTGAACAAAAGAC-3)
(10 pmol/pL), 1 uL of reverse primer (5-CCATAAGTAACATAAGGRCRA-3') (10 pmol/pL) [34],
0.6 uL of DMSO, and 2 puL of cDNA in a final volume of 20 puL. PCR was performed on a 2720
Thermal Cycler (Applied Biosystems, Waltham, MA, USA) with the following conditions: 98 °C
for 30 s, followed by 45 cycles of 98 °C for 155,48 °C for 15 s, and 72 °C for 1 min, with a final
extension at 72 °C for 5 min, resulting in a 1750 bp fragment. PCR products were visualized
on a 1% agarose gel stained with SYBR Safe DNA gel stain (Invitrogen, Waltham, MA, USA)
under Azure c600 Gel Imaging System (Azure Biosystems, Dublin, CA, USA). The amplified S1
gene PCR product was excised from the gel and purified using the QIAquick Gel Extraction Kit
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(Qiagen, Hilden, Germany) according to the manufacturer’s protocol. The DNA concentration
was quantified using the Qubit™ 1X dsDNA HS Assay Kit (Invitrogen, Waltham, MA, USA).

2.4. Library Preparation and Full S1 Gene Sequencing

The DNA library was prepared using 90 ng of each purified PCR product and the Rapid
Barcoding Kit SQK-RBK114.24 from ONT (Oxford Nanopore Technologies, Oxford, UK). Native
barcoding was employed for sample multiplexing, following the manufacturer’s protocol. PCR
products were pooled in a 1:1 ratio using AMPure XP beads. After library preparation, 800 ng
of the pooled sample was loaded onto a FLO-MIN114 R10.1 flow cell and sequenced on a
MinION MKk1B device for 5 h under standard conditions. Real-time base calling was performed
using Guppy (v6.5.7) embedded in the Mk1B with minKNOW software (v23.04.6).

The assembly process was conducted on the GalaxyTrakr platform [35] using default
parameters. Quality control was assessed using FastQC (Galaxy Version 0.73 + galaxy0) [36],
Porechop (Galaxy Version 0.2.4 + galaxy0) [37], NanoFilt (Galaxy Version 0.1.0) [38], and
MultiQC (Galaxy Version 1.11 + galaxy1) [39]. Mapping was carried out with BWA-MEM
(Galaxy Version 0.7.17.1) [40], followed by depth analysis using Samtools depth (Galaxy
Version 1.15.1 + galaxy0) [41] and generation of the consensus sequence with Consensus
Sequence (Galaxy Version 0.7.0 + galaxy1).

2.5. Recombination and Phylogenetic Analysis

Full S1 gene sequences were aligned with reference IBV strains from various lineages
and genotypes isolated in South America and around the world, with sequences longer than
1000 nucleotides retrieved from GenBank. The alignments were performed using MAFFT
version 7.526 [42,43], and phylogenetic trees were constructed using the Neighbor-Joining
method with 1000 bootstrap replicates in MEGA version 11.0.13 [44]. The evolutionary
distances were calculated using the Tajima—Nei method, and the rate variation among sites
was modeled with a gamma distribution. This analysis involved 82 nucleotide sequences
(Table S1) and 1416 positions after eliminating gaps and missing data. The analysis inferred
the evolutionary relationships and displayed the optimal tree, with branch lengths reflecting
the evolutionary distances. Additionally, recombination signals were assessed using the
Recombination Detection Program version 5.34 [45] with default settings.

2.6. Amino Acid Substitution Analysis

Alignments of the amino acids of HVR1 (residues 38 to 67), HVR2 (residues 91 to 141),
and HVR3 (residues 274 to 387) of the S1 gene belonging the GI-1 and GI-23 lineages were
generated using MUSCLE in MEGA version 11.0.13 [44]. Key amino acid substitutions were
visually inspected using CLC Genomics Workbench version 24.0 (QIAGEN, Germantown,
MD, USA). The Israeli Variant 2 strain (AF093796.1) served as the reference for comparisons
with the Bolivian strains VFAR-187 (PQ140481.1) and VFAR-189 (PQ140480.1), as well as
with closely related strains from Poland 1251 (MZ666058.1) and Brazil A1 BRMSA 110/22-1
(OQ573556.1). The USA M41 strain (AY561711.1) served as the reference for comparisons
with the other two Bolivian strains, VFAR-188 (PQ140483.1) and VFAR-190 (PQ140484.1),
as well as the closely related strains from Trinidad and Tobago, 18RS1461-3 (MN696791.1)
and Mexico IBV/ck/MEX/1616/19 (OM912698.1).

3. Results
3.1. RT-qPCR and Generation of Amplicons

Out of the 12 samples examined, 10 samples tested positive for the IBV N gene using
RT-gPCR with a Tm value between 83 and 83.5 °C. The Ct values for these positive samples
ranged from 18.93 to 31.92, indicating high levels of IBV RNA in some cases (Figure 1a).
The VFAR-187, VFAR-188, VFAR-189, and VFAR-190 samples showed Ct values below 25
and were selected for full S1 gene sequencing and analysis. Specific primers were used to
amplify the full S1 gene of IBV, and the expected (1750 bp) amplicon size was confirmed
using 1% agarose gel electrophoresis (Figure 1b). Successful amplification of the full S1
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gene was achieved for all four samples. Detailed information for each sample is presented
in Table 1, including sample type, clinical signs, origin, year, and RT-qPCR Ct value.

. (a)

BV}

—_—
Edl 54 £ % o7

532534 Il 535 1 536l 537

.l’ositive Control 524 525
-No Template Control

Figure 1. Detection of IBV from samples with suspected Infectious Bronchitis. (a) Melting curve
analysis demonstrated specific amplification of the N gene in 10 of the 12 samples tested, indicating
IBV positivity. Each sample is identified with a different thin line color; a Positive Control and a
No Template Control were included. (b) Agarose gel electrophoresis of RT-PCR-amplified products
confirmed the full S1 gene in the four positive samples with Ct values below 25. The arrow in the
gel image indicates the amplified full S1 gene size (1750 bp). Lane 1: GeneRuler 100 bp Plus DNA
Ladder, ready-to-use (Thermo Scientific, Waltham, MA, USA); lane 2: VFAR-187 (PQ140481.1); lane 3:
VFAR-188 (PQ140483.1); lane 4: VFAR-189 (PQ140480.1); lane 5: VFAR-190 (PQ140484.1); lane 6:
Positive Control; and lane 7: No Template Control.

3.2. Recombination and Phylogenetic Analysis

The full S1 gene sequences generated from the four IBV samples identified from Bolivia
were aligned and compared with 78 full S1 sequences representing various IBV lineages and
genotypes, described by Valastro et al. (2016) [13], as well as sequences recently identified
in Brazil [2]. The phylogenetic analysis revealed that all samples belonged to IBV genotype
I (GI). Specifically, VFAR-188 and VFAR-190 were classified within the IBV GI-1 lineage,
showing high sequence identity to the Massachusetts and H120 vaccine strains (>99%). In
contrast, VFAR-187 and VFAR-189, collected from the same farm, belonged to the IBV GI-23
lineage, forming a distinct subclade that is genetically distant from Brazilian strains [9,32]
(Figure 2). An initial estimate suggested that VFAR-187 and VFAR-189 were probably
introduced into Bolivia. No evidence of recombination was detected. The recombination
analysis indicated that strains FAR-187 and VFAR-189 did not undergo recombination
events, clustering consistently with reference strains of the GI-23 lineage. In contrast,
VFAR-188 and VFAR-190 grouped with vaccine-like strains.
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GI-23.1 MF101744.1 1 1BV Romania 2016 Romania
G1-23.1 KY028747 1 gammaCoV/CK/Poland/G087/2016 Poland
GI-23 MK581207.1 gammaCoV/Ck/Poland/G103/2016 Poland
G1-23 MN887173.1 gCoV/Ck/Poland/G271/2016 Poland
@ G123 PQ140481.1 VFAR-187 Boivia
@ GI-23 PQ140480.1 VFAR-189 Bolivia
G123 M2666058.1 1251 Poland
@ GI-230Q573561.1 BRMSA 2919 (653) Brazil

G123KY028743 1 gammaCoV/CKPoland/G220/2015 Poland
641123 1 MF101744.1 11V Romania 2016 Romana
571 61.23 1 KY028747 1 gammaCoV/Ck/Poland/G087/2016 Poland
851 61.23 MK581207.1 gammaCoV/CKPoland/G103:2016 Poland
G123 MN8B7173.1 gCoV/Ck/Poland/G271/2016 Poland
@ Gi-23 PQ140481 1 VFAR-187 Bolivia
@ Gi-23 PQ140480.1 VFAR-189 Bolvia
G1.23 M2666058.1 1251 Poland
@ 12300573561 1 BRMSA 2919 (853) Brazi
@ G-230Q573557.1 A2 BRMSA (11022 - 3) Brazi

@ G-230Q573557.1 A2 BRMSA (110722 - 3) Brazil @ G-23 0Q573556 1 A1 BRMSA (110722 - 1) Brazil
@ GI-23 0Q573556.1 A1 BRMSA (110722 - 1) Brazil Ie @ G-23 OR475241.1 BRMSA2925(340/22) PS Brazil
@ G123 OR475241.1 BRMSA2925(340/22) P5 Brazil . @ G123.0Q573560.1 BRMSA 2916 (655) Brazil
@ GI-230Q573560.1 BRMSA 2916 (655) Brazil : of | @ 12300573550 1 BRMSA 2017 (856) Brazil
@ G623 0Q573559.1 BRMSA 2917 (656) Brazil . GH-23 M2666085.1 483 Romania
G1-23 MZ666085.1 483 Romania : G123 MN887192 1 gCoV/CKPoland/G504/2018 Poland
G123 MN887192.1 gCoV/CK/Poland/G504/2018 Poland s GI-23 MNBO5714.1 GammaCoVICK/TRABV1/2014 Turkey Gl-23
G123 MNGB5714.1 GammaCoV/CKTR/IBV1/2014 Turkey . ‘GH:23 MNDG7163.1 gCOVICKPolend/G1 1672016 Polend
GI-23 MNB87183 1 gCoV/Ck/Poland/G116/2018 Poland : g :; :im: : :5 ::‘::
GI-23 M2666057 .1 978 Poland : I |t bt e
GI-23 M2006044.1.500 Poland . — G123 MZ666051.1 204 Poland
GH:23 MZ666000.1 204 Poland G123 MNBB7193.1 gCoVICkPoland/G24412019 Poland
GI-23 M2666051.1 204 Poland : 6 @ GH-23 OR397128.1 IBVick/Mexico/3595-20LM/2023 Mexico
GI-23 MN887193 1 gCoV/Ck/Poland/G244/2019 Poland . G123 3 AF093796 1 vaniant 2 Israel
@ (G123 0R397128 1 BVIckMMerico3565-20LN2023 Mexco 3 r ........................... 100, G223 0270001 B VAR boredl........
: [—— GH-233 AF093796 1 variant 2 Israel : G123 KY805846 1 IBVICKEG/CUI4/2014 Egypt
: 100 L—— G1-233 JX027069.1 18 VAR? Israel : 612323 MNG90129.1 1BVICK/EGIQENA-132017 Egypt
04223 M00123.1 BVICEGIOENA-472017 Egypt
G123 22 KU238175 1 D1903/21/12 EG Egypt
(GI-23.2 2 MF034385.1 ACoVicattle egret/Menofia-EQyptVRLCU-14/2016 Egypt
612321 AY0915522 srael 720199 Israel
100 G232 1 AY279533 1 1S/885 Israel
GI-16 KJ941019.1 120 28/86 Raly
B AL LRI LR LT TP PP LY PR PPPRS : ST e b
$ @ Gl-1KYB26045.1 Ma5 Brazil H G4 ENIB22TTA Nger
: Gl-1 MT984596.1 D1871/1/1/2012/HU Hungary . 19 EUOTRIR 1798 UK
e Gl-1 KY588135 1 PakistanMass/1009/134/2015 Pakistan § 6421 DQOG408 1 Span9&313 Spain
N G1 GQ258313.1 CKICHLLHLY/081 China : @ GL11X182783.1 UFMG/1141 Brazi
H Gl-1 MH427486 1 gammaCoV/ck/Chinal0939/17 China & 616 DQ515802 1 J9 China
H @ Gl-1PQ140482 1 VFAR-186 Peru : GI-15 FJB07944.1 KE20102 South Korea
: @ GL1OMO12683 1 IBVICKMEX274321 Mexico & (GH17 AF027509.1 CV-56b USA
: GI-1 7888351 1 H120 Netheriands : G127 KMB60634 1 GA/12341/2012 USA
H GI-1 AYS61711.1 Md1 USA o G5 DQ490215.1 V2-02 Australia
: GI-1 MNG96791.1 18RS1461-3 Trinidad and Tobago & GH18KC577391.1 CV-56b USA
: Gl-1 OM912698.1 1BV/cKME o Py 1) G110 AF151960 1 T6 New Zealand
: @ Gl-1 PQ140483.1 VFAR-188 Boivia : G’gg‘;:z“:;ﬂo“‘zﬁ“cm
: Gl-1 MK937828.1 11124/16 China 3 G14 AY251816 1 GX2-98 China
: Gl-1 MH427451.1 gammaCoV/ck/Chinal1124/16 China & S e
: @ Gl-1 PQ140484 1 VFAR-190 Bolivia H GH3L14070 1 MK USA
H Gl-1 GQ885134.1 THA280252 Thailand H 72 48 M9O484.1 SE 17 USA
..................................................................................“.); o rero N
G-19 AF193423 1 QXIBV China
9 GI-28 KX840829.1 ck/CHLGX/111119 China
G122 DQ167147.1 CKICHLSC/99! China
82 6129 KY407558 1 gammaCoVick/China/l0118/14 China
G125 KP0BS595.1 usa
GI-7 DQ646405 2 TW2575/98 Tawan
Gl-24 KF757447 1 V13 India
- @ Gi'T KY626045 1 Mas Brazi
GI-1 MT984596 1 D1871/1/1/2012/HU Hungary
62 GH1 KY588135.1 Pakistan/Mass/1009/1342015 Pakistan
Gl-1 GQ258313 1 CK/CHLHLJ08I China
63 9 76)| GI-1 MH427486.1 gammaCoV/ck/China0839/17 China
@ Gi1PQ140482 1 VFAR-186 Peru
@ Gl-1 OM912683 1 IBVICKMEX/2743/21 Mexico
I GI-1 FJ888351.1 H120 Netherlands
100 |— GI-1AYS61711.1 M41 USA Sl
Gl-1 MNG96791 1 18RS1461-3 Trinidad and Tobago
60 Gi-1 OM912698.1 IBV/CKMEX/1616/19 Mexco
99| @ Gi1PQ140483 1 VFAR 188 Boivia
Gl-1 MK937828 111124/16 China
Gl-1 MH427451.1 gammaCoV/ck/China/l1124/16 China
@ Gi1PQ140484 1 VFAR 190 Bolvia
GL.1 GQBB5134.1 THAZ80252 Thailand
GV K1i365468 1 GX-NN130021 China
GV-1 KUS56806 1 Cl/Aus/N1/03 Australia
5 r Gll-1 U29521.1 V18/91 Austraka
1001 GVI-1 GQ265948 1 TCO7-2 China
r Gll-1 M21968 1 V1397 Netherlands
1001 GIV-1 AF274436 1 AR/B386/97 USA
0.10

Figure 2. Phylogenetic tree based on full S1 gene sequences of Infectious Bronchitis Virus. The
diagram was constructed using the Neighbor-Joining method with 1000 bootstrap replicates in
MEGA version 11.0.13. The tree illustrates the evolutionary relationships among various IBV isolates,
highlighting the GI-1 and GI-23 lineages. South American strains are indicated with different colored
dots as follows: Bolivian strains (red), Brazilian strain (blue), Mexican strain (purple), Trinidad and
Tobago strain (yellow), and Peruvian strain (green). Branch lengths correspond to evolutionary
distances calculated using the Tajima—Nei method. The bootstrap support for each cluster is indicated
on the respective branches.

3.3. Amino Acid Substitution Analysis

In the GI-23 lineage, several amino acid changes were identified in the Bolivian VFAR-
187 and VFAR-189 strains within the S1 gene HVRs of the Infectious Bronchitis Virus,
compared to the Israeli reference strain (AF093796.1) and the closest strains from Poland
and Brazil. Specifically, both Bolivian strains exhibit a unique deletion at position G44 in
HVRI1 and a substitution at P128S in HVR2. Shared substitutions between the Bolivian,
Polish, and Brazilian strains were observed, including N38T, K42M, N57S, and T61S in
HVRI1, N94S in HVR2, and 1298T, N331D, N365S, F372Y, K377N, H380R, A381L, and S3871
in HVR3. Notable differences were also identified between the Bolivian strains and the
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GI-23-PQ140481.1 VFAR-187 Balivia

GI-23 PQ140480.1 VFAR-189 Bolivia

GI-23 MZ666058.1 1251 Poland

GI-23 OQ573556.1 A1 BRMSA{110/22-1) Brazil

other strains. For instance, the mutation G63Q in HVR1 was found in both VFAR-187 and
strains from Poland and Brazil, while the G117S mutation in HVR2 was shared between
VFAR-187 and the Brazilian strain. Additionally, the S118P and 51411 mutations in HVR2
were common to both Bolivian strains (VFAR-187 and VFAR-189) and either the Brazilian or
Polish strains, respectively. Unique mutations were also observed, such as T93A in HVR2
(exclusive to the VFAR-187 strain) and G63R in HVR1 (exclusive to VFAR-189) (Figure 3a).
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Figure 3. Comparative analysis of amino acid changes detected in the S1 gene of Infectious Bronchitis
Virus strains belonging to the GI-1 and GI-23 lineages. HVR1 (purple), HVR2 (blue), and HVR3 (green)
in the S1 gene amino acid sequence were compared among the Bolivian isolates and a representative
strain and the closest relatives of each GI-1 and GI-23 lineage. (a) Comparison of the Bolivian VFAR-
187 and VFAR-189 strains (lineage GI-23) with the Israeli strain (reference strain) and other related
strains (Poland and Brazil). (b) Comparison of the Bolivian VFAR-188 and VFAR-190 strains (GI-1
lineage) with the M41 vaccine strain from the USA (reference strain) and other related strains from
Trinidad and Tobago and Mexico. Amino acid changes are represented by different letters; those
conserved are presented with dots, and deletions are presented with dashes. The receptor-binding
domain (RBD) is indicated with a red line.
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For the GI-1 lineage, the Bolivian VFAR-188 and VFAR-190 strains showed a unique
deletion at G44 in HVR1 compared to the M41 vaccine strain from USA and the other
closest strains. Additionally, shared substitutions between strains from Bolivia, Trinidad
and Tobago, and Mexico were found, including F53S, P63S, and 166T in HVR1, L92W,
Y117H, D118G, K128Q, N129H, and L1311 in HVR?2, and G376E and S379L in HVR3. No
unique mutations were observed in either of the two Bolivian strains (Figure 3b).

4. Discussions

Infectious Bronchitis is a poultry disease caused by IBV that has been reported world-
wide. Despite the availability of vaccines, the virus is constantly evolving, creating new
variants. The emergence of new variants makes it challenging to protect chickens, as
vaccines for one virus type may be ineffective against others [5]. Therefore, identifying the
diversity of IBV viruses circulating in a country is crucial to improving protection measures.
It is necessary to develop adequate and effective methods to study the genetic variability
and evolution of viruses through their characterization.

In this study, we report for the first time the presence of IBV in a poultry farm in
Cochabamba, Bolivia, confirming the circulation of genotype I (GI). Phylogenetic analyses
of the full S1 gene sequence are crucial for differentiating and classifying IBV genotypes and
lineages, serving as the gold standard for this purpose [13]. Based on full S1 phylogenetic
analyses, we found that two Bolivian strains, VFAR-188 and VFAR-190, clustered within
the GI-1 lineage, which predominantly comprises vaccine-like strains. Importantly, the GI-1
lineage represents the first identified IBV serotype and remains one of the most well-known
and widely distributed genetic groups [13]. VFAR-188 and VFAR-190, identified in sick
birds with respiratory symptoms, showed high similarity with the Massachusetts and H120
vaccine strains. This suggests that these two Bolivian strains may be derived from a vaccine-
like strain. However, the birds were only administered one vaccine dose, which raises
concerns, since they later developed respiratory symptoms. Live vaccines can sometimes
become harmful in a process known as reversion to virulence [46], and therefore do not fully
protect against different types of IBV or prevent disease outbreaks [16,47]. However, until
now, the GI-1 lineage has been primarily derived from the live Massachusetts vaccine strain
and is used in immunization programs throughout South America [9,48]. It is believed that
many of the currently circulating Massachusetts viruses in South America originated as
a result of these vaccines reverting to their original wild form [29]. Our findings support
this hypothesis.

The Massachusetts strain of the Infectious Bronchitis Virus has been present in South
America since the 1950s [49]. This strain, often used in vaccines, has become widespread
across the region. Studies similar to ours carried out in Brazil, Colombia, Trinidad, Ar-
gentina, and Uruguay have all identified this vaccine-like strain as a common cause of IBV
infections [2,20,21,29]. Coupled with our Bolivian results, these findings demonstrate a
heterogeneous distribution of GI-1 in South America. We believe this is likely due to the
potential reversion of live-attenuated vaccines [46], variations in disease control practices,
and limitations in developing more effective vaccination strategies.

The full S1 gene sequences analysis demonstrated that the other two strains (VFAR-187
and VFAR-189) were clustered within the GI-23 lineage, forming a distinct subclade that is
genetically distant from Brazilian strains. It is assumed that the VFAR-187 and VFAR-189
strains were probably introduced in Bolivia from elsewhere. Belonging to the GI-23 lineage,
IBV is highly pathogenic and has been circulating since 1998 in the Middle East [2,50].
Over time, this lineage has spread across other continents, including Asia, Europe, and
Africa [2,32]. In South America, the first detection of GI-23 was recorded in Brazil in
2022 [9,50] and has since spread throughout the country, causing upper respiratory tract
and severe kidney lesions [2,9]. VFAR-187 strain exhibited unique characteristics, including
macroscopic lesions in the trachea composed of mucus and congestion. Additionally,
significant interstitial inflammatory renal lesions were observed in the VFAR-189 strain,
suggesting that this strain has a strong tropism for the renal tract. These common features
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are specific to the highly pathogenic GI-23 lineage [2], and this finding is consistent with
the results of a study by Lisowska et al., 2021 [31].

Three sublineages have been identified within the GI-23 lineage: 23.1, 23.2, and
23.3 [32]. Furthermore, the GI-23.2 sublineage is divided into three subclades: GI-23.2.1,
GI-23.2.2, and GI-23.2.3 [32]. However, the phylogenetic analysis results indicate that the
VFAR-187 and VFAR-189 strains do not seem to be closely related to the GI-23 subclades,
suggesting that the Bolivian VFAR-187 and VFAR-189 strains could be clearly classified into
other subclades or that they may possibly form another sublineage. Moreover, no evidence
of recombination events giving rise to the Bolivian GI-23 strains was found. For this reason,
we suggest that more samples coming from different regions of Bolivia should be analyzed.

S1 amino acid sequences from the Bolivian VFAR-187 and VFAR-189 strains presented
specific and characteristic substitutions in the hypervariable regions (HVR1, HVR2, and
HVR3). Amino acid differences in the S1 gene, particularly within the HVRs, are significant
due to their potential impact on the antigenicity, tropism, and pathogenicity of Infectious
Bronchitis Virus. HVRs are binding sites for neutralizing antibodies, and variations within
these regions could affect the immune system’s ability to recognize and neutralize the
virus [12]. Specifically, substitutions at positions 38, 43, 56, 63, 66, and 69 within HVR1 have
been identified as critical for IBV attachment to chicken respiratory tract tissues [19,51].
In this study, we observed that the VFAR-187 and VFAR-189 strains have substitutions at
positions N38T and G63Q/R within HVR1. These substitutions could potentially alter the
ability of these variants to bind to respiratory tract tissue and cause disease. Additionally,
substitutions in other positions within HVR2, particularly at positions T93A, N94S, G1175,
5118P, P128S, and 51411, might also influence the antigenicity of VFAR-187 and VFAR-
189 strains. These variations could result in a decreased efficacy of existing vaccines,
which are generally based on reference strains such as the Massachusetts strain (GI-1).
Furthermore, additional mutations identified in HVR3, such as 1298T, N331D, N365S,
F372Y, K377N, H380R, A381L, and S3871, could significantly impact the virus’s interaction
with the immune system and its pathogenesis; however, to confirm this, more studies
should be carried out.

On the other hand, the S1 amino acid sequences of the Bolivian VFAR-188 and VFAR-
190 strains belonging to the GI-1 lineage showed a high degree of similarity to the M41
vaccine strain from the USA and two other close strains (Mexico and Trinidad and Tobago),
mainly in HVR3. The substitution at position 63 in HVR1 exhibited by both Bolivian strains
could also be related to the ability of IBV to adhere to the chicken respiratory tract and
cause disease [19]. Additionally, the unique deletion at position G44 in HVR1 observed
in the VFAR-188 and VFAR-190 strains suggests the existence of possible adaptations that
could influence the virus’s ability to evade the immunity conferred by current vaccines.

The presence of the IBV GI-23 lineage in Bolivia is a recent discovery, and it is not yet
fully understood how it arrived in the country. The phylodynamic characteristics of the IBV
GI-23 lineage are still uncertain; however, we can assume that its presence in Bolivia could
be related to the poultry trade and the movement of people between countries, despite the
biosecurity measures implemented. For this reason, future studies should focus on isolating
and characterizing IBV from both vaccinated and unvaccinated flocks in Bolivian farms
to identify potential vaccine-like or recombinant strains causing disease. Additionally,
experimental infection studies are necessary to evaluate the efficacy of current vaccines
against the GI-23 variant circulating in Bolivian commercial poultry farms. It is essential to
investigate whether the GI-23 variant was recently introduced in Bolivia or if it has been
circulating undetected.

5. Conclusions

This study provides the first evidence of the presence of the IBV lineages GI-1 and GI-23
in a high-density avian region in Bolivia, marking a significant finding in the epidemiology
of IBV in South America. The clustering of two Bolivian strains within the GI-1 lineage,
with strong clade support for vaccine-like strains, indicates a possible reversion to virulence,
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highlighting the importance of monitoring and managing vaccine strains. The identification
of GI-23 in Bolivia, a lineage known for its pathogenicity and global presence, raises
concerns about its potential impact on poultry health and the effectiveness of existing
vaccines in the region.

The amino acid substitution analysis identified specific mutations in the S1 subunit,
particularly in the hypervariable regions 1, 2, and 3. These mutations could potentially
alter the virus’s antigenicity, leading to reduced vaccine efficacy.

To further understand the implications of these findings, it is crucial to conduct
additional studies focusing on the isolation and characterization of IBV strains from both
vaccinated and unvaccinated flocks in Bolivia. Experimental infection studies are also
needed to assess the effectiveness of current vaccines against the circulating field strains.
Finally, investigating the origin and spread of the GI-23 variant in Bolivia will be vital in
developing strategies to control and prevent IBV outbreaks in the region.
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