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RESUMO

O Brasil € o maior exportador e terceiro maior produtor de carne de frango do mundo,
sendo o pais destaque mundial na producao de proteina animal e a avicultura de corte
assume o protagonismo nacional. As doengas respiratorias presentes na avicultura
assumiram um protagonismo muito importante na economia brasileira, tendo em vista
0 aumento de condenas por aerossaculite nos abatedouros do Brasil, além dos casos
de Influenza Aviaria nos paises do Hemisfério Norte e Sul. Nesse sentido, o
monitoramento epidemioldgico por meio de técnicas moleculares e sorolégico devem
ser ferramenta de uso cotidiano, para assim mensurar de maneira mais especifica
quais agentes estao circulando nos planteis e avaliar os impactos relacionados as
perdas zootécnicas. Dentre os patdégenos avicolas destacam-se alguns virus, sendo
os Metapneumovirus (aMPV) e Virus da Bronquite Infecciosa Aviaria (IBV)
comumente associados a quadros clinicos de aerossaculite que levam a prejuizos na
avicultura de corte, sendo agravados os casos clinicos quando ocorre coinfecgao
bacteriana, especialmente com Escherichia coli aviaria (APEC). O presente estudo,
dividido em trés capitulos, teve como objetivo principal monitorar a circulagao de virus
de interesse respiratério (aMPV e IBV) e a coinfecgdo com Escherichia coli (APEC)
na avicultura de corte brasileira. O_primeiro_capitulo apresenta uma revisdo de
literatura acerca do aMPV, sua prevaléncia e distribuicdo nos diferentes paises do
mundo, assim como aborda as caracteristicas da particula viral, classificagcdo e
técnicas de detecgdo e diagndstico na avicultura. O segundo capitulo teve como
objetivo monitorar aMPV em aves de corte da avicultura brasileira por meio de ensaio
sorologico e de diagnostico molecular, correlacionando com impactos gerados pela
presenca de APEC em casos de coinfecgcéo pelos dois agentes. Para isso, carcacas
de aves (Gallus gallus domesticus) ja necropsiadas em campo para inspec¢ao de rotina
foram doadas para esse estudo, sendo coletados 100 lotes de aves dos estados do
Parana (n=30), Santa Catarina (n=15), Rio Grande do Sul (n=15), S&o Paulo (n=10),
Minas Gerais (n=10) e Ceara (n=20). Para cada lote, foram coletadas amostras de
swabs traqueais, fémures, figados e bacos. Os lotes foram selecionados com base no
histérico de problemas respiratorios, sorologia positiva para aMPV e sinais
respiratorios clinicos, como espirros, roncos e secrecao nasal. As aves necropsiadas
tinham entre 13 e 32 dias de idade. Um total de 20% dos lotes (20/100) apresentaram
respostas sorolégicas compativeis com a circulagdo de aMPV e desses 6,4%
apresentaram coinfecg¢ao entre aMPV e APEC. Todas as amostras respiratorias foram
submetidas ao ensaio de amplificagdo génica usando transcrigao reversa seguida da
reagcao em cadeia da polimerase (RT-PCR), sendo possivel detectar e identificar em
2 lotes avicolas o aMPV-B. O_terceiro capitulo teve como objetivo realizar o
monitoramento epidemioldgico do IBV e suas variantes circulantes na avicultura de
corte no Brasil, em aves imunizadas contra IBV. Um total de 1.000 swabs
nasotraqueais foram avaliados, sendo essas amostras oriundas dos mesmos lotes
avaliados para aMPV e amostrados nos estados do Rio Grande do Sul, Santa
Catarina, Parana, Sao Paulo, Minas Gerais e Ceara/Brasil. A triagem para a presenca
de IBV foi realizada usando a RT-qPCR da regiao hipervariavel do gene S1 do IBV.
Para compreender a filogenia e a evolucgéao viral, 28 amostras de diferentes estados
brasileiros foram selecionadas para sequenciamento de Sanger. Um total de 91% das
amostras testadas foram positivas para o IBV, sendo classificadas em 7,14%
pertencentes ao IVV-GI-1, 78,57% a IBV-GI-11 e 14,28% ao IBV- GI-23, ressaltando
a detecgdo da nova variante do IBV-GI-23 no Brasil, em amostras do estado do
Parana. Os dados aqui gerados mostram um panorama nacional da epidemiologia de




aMPV e IBV, em especial os escapes vacinais frente ao IBV na avicultura Brasileira,
bem como demostra que a coinfecgdo entre aMPV e APEC nas aves aumenta os
agravos na saude dos lotes avicolas. Em suma, cabe ressaltar a importancia do
monitoramento viral escalonado na avicultura de corte frente do Brasil nas regides
produtoras de aves de corte, impulsionando a necessidade por mais estudos que
abordem a evolugdo viral para guiar estratégias e programas de enfrentamento as
viroses no setor avicola.

Palavras-chave: Metapneumovirus, Monitoramento molecular, Bronquite Infecciosa
das galinhas.



ABSTRACT

Brazil is the largest exporter and third largest producer of chicken meat in the world,
the country stands out worldwide in the production of animal protein, and poultry
farming takes on national prominence. Respiratory diseases present in poultry farming
have assumed a very important role in the Brazilian economy, given the increase in
convictions for aerosacculitis in slaughterhouses in Brazil, in addition to cases of Avian
Influenza in countries in the Northern and Southern Hemisphere. In this sense,
epidemiological monitoring by Using molecular techniques should be tools for
everyday use, to more specifically measure which agents are circulating in plants and
evaluate the impacts related to zootechnical losses. Viruses stand out among poultry
pathogens, with Metapneumovirus (aMPV) and Avian Infectious Bronchitis Virus (IBV)
commonly associated with clinical conditions that lead to losses in poultry farming, with
clinical cases being aggravated when bacterial co-infection occurs, especially with
avian Escherichia coli (APEC). The present study, divided into three chapters, had the
main objective of monitoring the circulation of viruses of respiratory interest and co-
infection with Escherichia coli (APEC) in Brazilian poultry farming. The first chapter
presents a review of the literature on aMPV, its prevalence, and distribution in different
countries around the world, as well as addressing the characteristics of the viral
particle, classification, and detection and diagnosis techniques in poultry farming. The
second chapter aimed to monitor MPV in meat birds in Brazilian poultry farming
through serological and molecular diagnostic assays, correlating with the impacts
generated by the presence of APEC in cases of co-infection by the two agents. For
this, carcasses of birds (Gallus gallus domesticus) already necropsied in the field for
routine inspection were carried out for this study, collecting 100 batches of birds from
the states of Parana (n=30), Santa Catarina (n=15), Rio Grande do Sul (n=15), S&o
Paulo (n=10), Minas Gerais (n=10) and Ceara (n=20). For each batch, samples of
tracheal swabs, femurs, livers and spleens were collected. The batches were selected
based on the history of protection problems, positive serology for aMPV and clinical
signs, such as sneezing, snoring and nasal obstruction. The necropsied birds were
between 13 and 32 days old. A total of 20% of the batches (20/100) obtained
serological responses compatible with the circulation of aMPV and these 6.4%
corresponded to co-infection between aMPV and APEC. All respiratory samples were
subjected to gene amplification assay using reverse transcription followed by
polymerase chain reaction (RT-PCR), making it possible to detect and identify aMPV-
B in 2 poultry batches. The third chapter aimed to carry out epidemiological monitoring
of IBV and its variants circulating in poultry farming in Brazil, in birds immunized against
IBV. A total of 1,000 nasotracheal swabs were evaluated, with these samples coming
from the same batches evaluated for aMPV and sampled in the states of Rio Grande
do Sul, Santa Catarina, Parana, S&o Paulo, Minas Gerais and Ceara/Brazil. Screening
for the presence of IBV was performed using RT-gPCR of the hypervariable region of
the IBV S1 gene. To understand viral phylogeny and evolution, 28 samples from
different Brazilian states were selected for Sanger sequencing. A total of 91% of the
samples tested were positive for IBV, with 7.14% belonging to IVV-GI-1, 78.57% to
IBV-GI-11 and 14.28% to IBV-GI-23, highlighting the detection of the new variant of
IBV-GI-23 in Brazil, in samples from the state of Parana. The data generated here
show a national overview of the epidemiology of aMPV and IBV, in particular, vaccine
escapes against IBV in Brazilian poultry farming, as well as demonstrating that co-
infection between aMPV and APEC in birds increases health problems in poultry



flocks. In short, it is worth emphasizing the importance of staggered viral monitoring in
poultry farming across Brazil in meat bird-producing regions, driving the need for more
studies that address viral evolution to guide strategies and programs to combat viruses
in the poultry sector.Collectively, the data generated here will serve as a basis for viral
epidemiological surveillance and its correlation with colibacillosis in poultry, as well as
provide methodological alternatives for the prevention and control of pathogens before
they cause significant losses to the sector.

Keywords: Metapneumovirus, Molecular Monitoring, Infectious Bronchitis in Chickens.
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1. CONTEXTUALIZACAO GERAL

O Brasil é destaque mundial na produgédo de proteina animal e a avicultura
assume o protagonismo nacional nesse contexto, pois o pais € o maior exportador e
terceiro maior produtor de carne de frango do mundo (ABPA 2022). S6 no setor de
avicultura trabalham aproximadamente 2,6 milhdes de pessoas, diretos ou
indiretamente (ABPA 2022), esses dados demonstram a importancia da atividade para
o produto interno bruto (PIB), trazendo um impacto positivo importante na economia
brasileira.

O ano de 2023 tem sido muito desafiador para todos os paises que produzem
frangos, pois 0 mundo todo ainda sofre com os impactos gerados pelo SARS-CoV-2,
guerra entre Russia e Ucrania e principalmente pelos casos de Influenza Aviario (1A)
nos continentes Europeu e Americano. Somente nos Estados Unidos, foram abatidas
e descartadas aproximadamente 80 milhdes de aves em virtude da presenga do |IA
nos planteis avicolas (USDA 2022).

Nesse contexto, todo o continente Sul-americano estd em alerta, pois a
entrada de um virus inédito em produgbes comerciais pode gerar impactos
extraordinariamente grandes. Muitos agentes fazem parte do bloco de doencas
respiratorias, podemos citar a propria |IA, doenca de New Castle (DNC), virus da
Bronquite Infecciosa (IBV), Laringotraqueite (ILT), Mycoplasma gallisepticum (MG),
Mycoplasma synoviae (MS), Coriza Infecciosa (Cl) e o Metapneumovirus Aviario
(aMPV). Esses patégenos levam a doengas que nao possuem sinais patognomaonicos,
o que reforca a necessidade de identificagdo e caracterizacdo molecular para
compreender de maneira clara qual ou quais patégenos estéo circulando no territério
nacional.

O aMPV é um virus envelopado, pleomorfico, ndo hemaglutinante e que
possui um genoma ndo segmentado de sentido negativo contendo 8 genes que
codificam nove proteinas (kaboudi, Lachheb, 2021). O mais variavel € o gene da
glicoproteina G, que tem sido usado para subtipagem do aMPV, até o momento sao
conhecidos 6 subtipos, A, B, C, D e mais dois novos subtipos (Umar, 2019). O aMPV
€ membro da ordem Mononagavirales pertencendo a familia Pnemoviridae e do
género Metapneumovirus, sendo dois géneros identificados pertencentes a essa

familia: Orthopneumovirus e o Metapneumovirus (Kaboudi, Lachheb, 2021).
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Apos o seu surgimento no final dos anos 70 na Africa do Sul (Buys and Prees,
1980), o aMPV se disseminou de maneira relativamente rapida para outras partes do
mundo, sendo possivel ser encontrado em praticamente todos os paises que
produzem aves. No Brasil, primeiro caso foi relato no inicio dos anos 90 e caraterizado
com o aMPV subtipo A. Seus hospedeiros naturais sdo perus e galinhas, mas o virus
ja foi identificado em outras aves, o que reforca a preocupacgao, pois a circulagao e
migragado de aves silvestres pode auxiliar na transmissdo de um subtipo ainda nao
identificado no pais. Ao entrar em contato com ave saudavel, o virus se replica nas
células ciliadas do trato respiratorio superior, principalmente nos cornetos nasais,
laringe e traqueia, levando a um aumento na producdo de muco, perda progressiva
dos cilios (deciliagao) e da atividade ciliar (ciliostase), hiperplasia das células epiteliais
e destruicao do epitélio ciliado. Esse processo resulta na dificuldade de remocéo do
muco, que se acumula nas passagens e cavidades (Cook, 2000, Rautenschlein,
2020). Esse quadro clinico pode ser agravado por infecgbes secundarias, como é o
caso da Escherichia coli patogénica aviaria (APEC) levando a redugéo significativas
no desempenho zootécnico das aves afetadas (Legnardi et al., 2021).

Todos esses sinais clinicos sdo comuns para varias doencgas ja listadas, o que
pode dificultar ainda mais o diagnostico, e o isolamento do agente, pois o aMPV pode
ser detectado apenas no inicio dos sinais clinicos, persistindo entre 3 e 6 dias apenas
(Cook e Cavanagh, 2002).

Além do aMPV, o Virus da Bronquite Infecciosa também pertence ao bloco
das doencas respiratérias, e tem trazido muitos problemas de desempenho,
produtividade e impacto no bem-estar animal. Esse Coronavirus tem como porta de
entrada o sistema respiratério superior e infecta primeiramente as células epiteliais da
traqueia, gerando os primeiros sinais clinicos de natureza respiratoria (Cavanagh,
2007).

Algumas estirpes podem desenvolver lesbes em outras regides e 0Orgaos,
principalmente reprodutivo e renal. Essas predile¢bes por distintas células do
hospedeiro estdao ligadas a alta variabilidade das linhagens de IBV envolvido
(Mendonza et al., 2022). Os coronavirus possuem virus envelopado e pleomorficos,
cujo diametro pode variar de 80 a 120 nm. A familia Coronaviridae pertence a ordem
Nidovirales, que esta dividida em duas subfamilias: Coronaviridae e Torovirinae
(Jackwood and De Wit, 2012).
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Os coronavirus tem seu material genético composto por acido ribonucleico
(RNA) e seu genoma compreende aproximadamente 27 a 31 kilobases. O gene S
codifica a principal proteina estrutural, a glicoproteina S da Espicula. Essa
glicoproteina esta associada com o envelope viral, posuindo a subunidade S2, que
auxilia na fixagao viral e a subunidade S1, responsavel pela interagdo com os
receptores especificos presentes nas células alvo da infeccdo (Cavanagh, 2007).

O IBV esta em constante evolugéo, pois a taxa de mutagdo e recombinagao
génica é alta, tornando-se onipresente na avicultura mundial (Guzman et al., 2020).
Essa significativa variabilidade genética levou ao desenvolvimento de muitas vacinas
em todo o mundo para prevencdo e combate do IBV. De maneira geral, € muito

comum a utilizagdo de vacinas replicantes (vivas) e néo replicantes (inativadas).

No Brasil o IBV circula desde a década de 1950, com muitos gendtipos e
linhagens distintas. A primeira identificacao foi do sorotipo Mass (Fraga et al., 2018)
e, com o advento da biologia molecular na década de 1990, tornou-se possivel uma
compreensao mais clara dos principais clados virais presentes no Brasil. Até 2021,
apenas dois sorotipos vacinais estavam autorizados para uso, o sorotipo Mass (Gl-I)
e a Variante BR (GI-11).

Em 2022, uma nova linhagem, GI-23 (Variant-2), foi identificada no Brasil, e
uma vacina homodloga foi introduzida (lkuta et al., 2022; Trevisol et al., 2023). A
Variante-2 do Virus da Bronquite Infecciosa, foi descrita pela primeira vez em lIsrael
em 1998 e foi responsavel por lesdes significativas nos sistemas respiratorio e
nefropatogénico em aves. Em 2016, foi relatada a identificagdo da mesma cepa na
Europa (Lisowska et al., 2017; Valastro et al., 2016).

Nesse sentido o mapeamento, identificacdo e classificacdo por meio de
técnicas moleculares pode contribuir para o desenvolvimento de novas alternativas
para prevengao e controle do espalhamento viral, em especial ao se conhecer
precocemente o agente patogénico. Técnicas soroldgicas, por si s6, ndo sao capazes
de prever eventos epidemioldgicos e sim determinar uma infecgdo. Ja os métodos
moleculares como PCR ou RT-gPCR, sequenciamento de Sanger e mais
recentemente sequenciamento de nova geragdo (NGS), demonstraram sua
importancia clinica e epidemioldgica por meio da identificagao e tipagem genética de

patdgenos (Yohe e Thyagarajan, 2017; Du et al., 2017).
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Tendo em vista uma melhor compreensdo das viroses respiratorioas na
avicultura e agravos mediados por coinfecgdes virais e bacterianas, o presente estudo
apresenta dados obtidos pelo monitoramento de aMPV e IBV nos estados de RS, SC,
PR, SP, MG e CE entre o0 ano de 2021, bem como casos de coinfeccdo de aMPV com

E. coli patogénica (APEC) na avicultura de corte brasileira.
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1.1 Hipéteses

Foram tomadas as seguintes hipéteses para esse estudo:

Hipétese | — aMPV circulam de forma ndo uniforme no Brasil, sendo
prevalentemente em lotes de aves de corte com colibacilose e agravos respiratorios,
justificando a introducgéo de ciclos vacinais contra tal virus;

Hipoétese Il — O IBV esta presente em diferentes regides do pais, com distintas

variantes, independentemente dos programas vacinais utilizadas.
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2. ORGANIZAGAO DA TESE DE DOUTORADO

A presente tese doutoral foi organizada em trés capitulos, de acordo com os

seus respectivos artigos cientificos gerados e/ou redigidos no presente estudo (Figura

1).

O primerio capitulo foi composto pelo primeiro artigo intitulado “Trends and

challenges in the surveillance and control of Avian Metapneumovirus”. Trata-se de
uma revisao literaria que buscou entender quais sdo os principais subtipos de aMPV
presentes em diferentes paises mundiais produtores de aves de corte, além de
identificar quais estratégias sao utilizadas para prevenir e controlar aMPV em aves.
Esse manuscrito encontra-se publicado na revista Viruses (IF: 4.8 em 2023 — Qualis
A CAPES).

O segundo capitulo refere-se ao manuscrito “Epidemiological monitoring of

avian metapneumovirus by molecular and serological methods in unvaccinated
chicken suspeited for avian pathogenic Escherichia coli”. Tal estudo teve como
objetivo apresentar a soroprevaléncia e subtipos de aMPV presentes nos diferentes
estados federados do Brasil e avaliar os impactos gerados pela Escherichia coli
patogénica aviaria (APEC) em casos de coinfeccao pelos dois agentes. Este
manuscrito encontra-se submetido na revista Microorganisms (IF: 4.9 em 2023 —
Qualis A CAPES).

O terceiro capitulo refere-se ao manuscrito “Monitoring Infectious Bronchitis

Virus (IBV) in Vaccinated and Non-vaccinated Broiler Chickens in Brazil to surveillance
of Vaccine Escapes and New viral Variants”. Tal estudo teve como objetivo monitorar
IBV no Brasil, compreender potenciais escapes vacinais virais, identificar novas cepas
variantes na populagéo avicola e avaliar a persisténcia do virus vacinal em frangos de
corte vacinados. O artigo encontra-se submetido na revista Avian Pathology (IF: 2.7
em 2023 — Qualis A Capes).
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Figura 1. Esquema representativo da organizagéo da presente tese doutoral, dividida em trés
capitulos, sendo: Capitulos | e Il com foco em estudos de aMPV, obtendo-se dados que
geraram uma revisao bibliografica seguido de experimentos de diagnéstico para a detecgéo
viral na avicultura de corte no Brasil, correlagdo com histéricos soroldgicos de aMPV e
positividade para colibacilose, podendo-se avaliar os agravos clinicos. No terceiro capitulo o
foco do estudo foi o estudo de IBV, estudando-se o monitoramento e a filogenia viral, bem
como a persisténcia de virus vacinais replicantes e escapes vacinais.
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3. OBJETIVO GERAL

Monitorar a circulagéo de virus de interesse respiratorio (aMPV e IBV) e a
coinfec¢gao com Escherichia coli (APEC) em carcagas de Gallus gallus domesticus da
avicultura de corte brasileira, bem como avaliar escapes vacinais em aves imunizadas

contra IBV.

3.1 Objetivos Especificos

e Compor uma revisdo bibliografica abordando aspectos e desafios para o
diagndstico de aMPV;

e Avaliar a soroprevaléncia e a detecgcao génica de aMPV subtipos A, B, C e D,
em aves nao vacinadas contra aMPV;

e Correlacionar agravos clinicos em caso de coinfeccao entre aMPV e historico
de APEC nas aves avaliadas;
e Avaliar a ocorréncia de IBV visando identificar novas variantes na populagao

avicola, bem como compreender potenciais escapes vacinais virais;

e Avaliar a persisténcia de IBV vacinal em frangos de corte vacinados contra IBV.
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4. CAPITULOI:

Trends and challenges in the surveillance and control of Avian
Metapneumovirus
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Trends and challenges in the surveillance and control of Avian
Metapneumovirus

Citation: Salles, G.B.C.; Pilati, G.V.T.; Muniz, E.C.; de Lima Neto, A.J.; Vogt, J.R;;
Dahmer, M.; Savi, B.P.; Padilha, D.A.; Fongaro, G. Trends and Challenges in the
Surveillance and Control of Avian Metapneumovirus. Viruses 2023, 15, 1960.
https://doi.org/10.3390/v15091960

Artigo Publicado na Viruses (https://www.mdpi.com/1999-4915/15/9/1960).

viruses (MbPI
A

Review
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Abstract: Among the respiratory pathogens of birds, the Avian Metapneumovirus (aMPV) is
one of the most relevant, as it is responsible for causing infections of the upper respiratory
tract and may induce respiratory syndromes. aMPV is capable of affecting the reproductive
system of birds, directly impacting shell quality and decreasing egg production. Consequently,
this infection can cause disorders related to animal welfare and zootechnical losses. The first
cases of respiratory syndromes caused by aMPV were described in the 1970s, and today six
subtypes (A, B, C, D, and two more new subtypes) have been identified and are widespread
in all chicken and turkey-producing countries in the world, causing enormous economic losses
for the poultry industry. Conventionally, immunological techniques are used to demonstrate
aMPV infection in poultry, however, the identification of aMPV through molecular techniques
helped in establishing the traceability of the virus. This review compiles data on the main aMPV
subtypes present in different countries; aMPV and bacteria co-infection; vaccination against
aMPV and viral selective pressure, highlighting the strategies used to prevent and control
respiratory disease; and addresses tools for viral diagnosis and virus genome studies aiming
at improving and streamlining pathogen detection and corroborating the development of new
vaccines that can effectively protect herds, preventing viral escapes.

Keywords: Poutry virus; Virus variance; Diognéstic; Genome; Avian; Disease.
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Introduction
Poultry farming has undergone great changes in its production systems; while the
sheds where birds are housed and raised have better conditions for animal welfare
and a high technological level, population densities have also increased proportionally
[1], representing a large sanitary challenge. Although many measures are taken to
control diseases, such as biosecurity, immunoprophylaxis, management and nutrition
[2], this large population of animals in the same environment or shed becomes a risk
factor for the health of the birds, which can lead to the emergence of diseases, most
of which are respiratory. In this context, the flow of people, animals and migratory birds
can pose a risk to the health of poultry batches [3], as this flow of people and animals
can carry diseases into poultry facilities.
The blockade of respiratory diseases in birds presents a very large challenge for
veterinarians, as these diseases usually do not show pathognomonic signs, that is, the
clinical diagnosis is very complex [4]. Despite the presumptive diagnosis being difficult,
the confirmatory diagnosis should be a common practice in the prevention of
respiratory diseases. For this, a clear understanding of the means of transmission, viral
incubation period, clinical signs and which material is most appropriate and when to
collect it is necessary, in addition to choosing the best aMPV diagnostic method [5].
This category covers a spectrum of diseases, notably including Avian Influenza, New
Castle Disease, Infectious Bronchitis of Chickens, Mycoplasmosis, Pasteurellosis,
Infectious Laryngotracheitis and Avian Metapneumovirus [6].
The Avian Metapneumovirus (aMPV) is an important pathogen involved in diseases of
the respiratory complex of birds, and although it is very neglected, its damage goes
beyond respiratory symptoms and can affect the reproductive system [7,8,9,10,11],
thus facilitating the development of other diseases, such as colibacillosis, and the
association of these two diseases can cause serious damage to animals, where one
disease can potentiate the effect of the other [12].
This review seeks to understand which the main subtypes are present in different
countries, in addition to identifying which strategies are used to prevent and control
this disease and the methods of prevention, control and viral ecology, based on the
most elaborate studies to date. First, it discusses the main diagnostic tools that should
be used to effectively assist in epidemiology and in the development of new tools that

can protect poultry flocks, avoiding viral escapes and disease.
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Characteristics of Viral Particles, Classification and Nomenclature

aMPV belongs to the Metapneumovirus genus of the Pneumoviridae family, it is an
enveloped virus with non-segmented negative-stranded single-stranded RNA,
pleomorphic spherical shape (diameters vary from 100 to 200 nm) and which can
present long filaments, in addition to a helical nucleocapsid [13].

Early viral characterization through monoclonal serological assays showed some
variability among aMPV strains [14,15,16,17] characterizing the molecular follow-up
soon after, where genetic difference based on G protein variability was confirmed [18].
Later confirmed in several studies [19,20], this work used samples from the Central
Veterinary Laboratory in Weybridge, United Kingdom. Two Subtypes, A and B, were
identified, where subtype A samples came from the UK and subtype B samples from
Italy and Hungary. These studies showed that the aMPV subtype A was the first to
circulate in South Africa and later in the United Kingdom, and a few years later it was
already possible to identify the subtype B present in Europe as well.

The aMPV genome is composed of eight viral genes (Figure 1), arranged in the order
(3-N-P-M-F-M2-SH-G-L-5). These genes are identified as a nucleoprotein (N),
phosphoprotein (P), matrix protein (M), fusion protein (F), second matrix protein (M2),
small hydrophobic protein (SH), surface glycoprotein (G) and a viral (L) RNA-

dependent RNA polymerase, and these genes code for nine proteins [4,21,22].
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RNA

P

Figure 1. Schematic figure representing aMPV: (G) Glycoprotein, (F) Fusion protein,
(SH) Small hydrophobic protein and other structural proteins, (M) Matrix protein, (N)
Nucleocapsid protein, (P) Phosphoprotein, (L) RNA-dependent RNA polymerase and
RNA strand.

Some genes, such as G, SH, M, N, P and F, present genetic heterogeneity
and can be used to differentiate subtypes. However, the G protein, a highly
glycosylated type |l membrane protein known for its remarkable variation in length and
sequence identity even within aMPV subtypes, can also show differences in size and
nucleotide number between G gene sequences of the different subtypes. Due to this
greater heterogeneity in relation to other genes, based on the analysis of the nucleotide
sequences of the G gene, it is possible to perform the classification and
characterization of the subtypes, as well as molecular epidemiological studies [4,22].

However, a study conducted in France described isolates of subtype D (aMPV-
D) exhibiting a relatively low sequence identity in the G gene compared to subtypes
aMPV-A, aMPV/B and aMPV-C [4]. While a study evaluating the use of quadriplex RT-
gPCR reported that the G gene can be utilized for designing primers and probes for
the detection of aMPV-A, aMPV-B and aMPV-D, the M gene was used for the detection
of the aMPV-C subtype [23].

The classification of different aMPV into subtypes can be supported via the
RT-ddPCR technique, which was developed using a region of low variability in the L
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ORF, located between nucleotide positions 5 1980 and 5' 2158, avoiding the
limitations of previous tests. The result of this classification can be seen through the
cutoff amplitude, set at ~6000 for CH1 and 3200 for CH2, the mean amplitude values
for positive clusters in CH1 and CH2 were classified as aMPV samples in different
subtypes. Thus, because it is based on a highly conserved region of the genome, there
is less risk of the test being affected by the evolution of the viral genome and the impact
it has on the specificity of such tests [24].

Protein N can be the target antigen in the development of serological assays,
as it has the ability to induce a greater serological response in infected hosts.
Comparison of the amino acid sequence of aMPVs indicated that within subtypes the
N genes were 99-100% identical, even between viruses from different geographic
regions. Amino acid identities between subtypes A and B were 90 to 91%, however,
between subtypes C and A, B, or D, aa identities were only 70 to 71%, 70 to 72% and
73 to 74%, respectively [25].

Discovery and Distribution of Avian Metapneumovirus (aMPV)

The aMPV is a relatively new virus that affects turkeys and chickens and can
also be found in guinea fowl [26], ducks [27] and pheasants [19]. The first report
occurred in turkeys in South Africa in 1978 [28], a few years later the virus was found
in chickens in England and classified as Swollen Head Syndrome (SHS) [29]. The
aMPV rapidly spread across Europe, detected in the United Kingdom [30], France [31],
Spain [30], Germany [32], Hungary [33], Italy [34,35], the United States [36] and Brazil
[37]. Through epidemiological traceability, it was evident that the identification of
subtype A was the first, however, within a few years the distribution of subtypes A and
B was already identified in other countries, making control difficult [18].

In the early 1980s, the transmission between different species of birds was still
unclear, but in 1987, through an experiment carried out by Picault et al., 1987, where
they isolated a virus in chickens that became ill with aMPV; this virus was removed,
homogenized from the respiratory tract tissue and was later inoculated into SPF
turkeys and these showed characteristic clinical signs of avian Metapneumovirus, thus
evidencing the transmission between chickens and turkeys [38].

The aMPV has a wide global distribution, essentially where there are poultry
production or migratory bird routes the virus can be identified, but what changes is the
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prevalence of subtypes A, B, C and D, in addition to the two new subtypes described:
(a) subtypes A and B are likely to be found in Europe, Brazil and the African continent
[39]; (b) the C subtype has been identified in the United States, Canada, China, France
and recently in South Korea [40,41,42,43,44,45]; and (c) the D subtype was only
reported in France [39] and the two new subtypes were found in the United States and
Canada [45]. Today, the most prevalent subtype in the world is B [22,46].

Changes related to the G protein have an impact not only on subtyping
characteristics, but also on virus replication in the target cell, thus changing its

pathogenicity in the host [22].

Replication, Viral Persistence and Clinical Signs

The intense replication of the virus in the upper tract of birds (sinuses, larynx
and trachea) causes the cessation of ciliary movements (ciliostasis), which can lead to
the complete loss of these cilia (desciliation) [47]. This process results in difficulty in
removing mucus, which accumulates in the passages and cavities, and gives rise to
the main clinical sign of the disease, the swollen head, although this condition is not
always present [22]. This primary infection favors the invasion of secondary agents,
such as E. coli, which cause different clinical signs and whose intensity is linked to the
pathogenicity of the agents involved. The aMPV is the cause of severe respiratory
infection in turkeys, Turkey Rhinotracheitis (TRT), and usually occurs in young birds
[48,49].

Common symptoms include sneezing, nasal and eye discharge, conjunctivitis,
submandibular edema, infraorbital sinus swelling, cracking and rales [48,49,50]. In
chickens, the virus has been associated with Swollen Head Syndrome (SHS), which is
characterized by swelling of the periorbital and infraorbital sinuses, torticollis,
disorientation and opisthotonos [50]. The clinical manifestation may progress to
redness of the conjunctiva with edema of the lacrimal gland. After 12 to 24 h, the birds
show a subcutaneous swelling on the head, which starts around the eyes, increases
under the entire head and descends to the submandibular tissue and back of the neck.
After three days, they may show neurological signs such as apathy and torticollis
[48,49].

The permanence period of aMPV is extremely short in birds, not exceeding 4
to 7 days, which greatly impairs virus detection for molecular diagnosis [16,50].



32

Transmission and Economic Losses

The most common route of transmission of aMPV occurs horizontally through
aerosol however, there are other paths taken by the virus until contact with birds, such
as water, equipment, feed trucks that supply the farms and the transit of people [51].

So far, there is no clear evidence of vertical contamination through breeders
to progeny [48,52,53]. In addition, migratory birds play an important role in the spread
of the virus; there are reports of outbreaks of clinical cases of aMPV in birds in periods
that coincide with the migration of wild birds [41]. The detection of antibodies in geese,
house sparrows, gulls, parakeets, waterfowl and several other species suggests the
circulation of this virus by wild birds [44,45,47,51], which reinforces the need for
serological monitoring of these animals.

Economic losses in broilers due to respiratory complications related to aMPV
alone or with secondary bacterial infections affect 1% to 3%, and 20% to 30% of cases,
respectively [49]. In commercial batches, the first signs are mild respiratory failure,
rhinitis and conjunctivitis, followed by neurological signs and swollen head.
Reproductive alterations can be observed and alterations in the production or quality
of the eggs can be common [7,50,54,55].

Morbidity and mortality are influenced by co-infections. When chickens show
clinical signs, morbidity at all ages is often described as up to 100%, as mortality

ranges from 0.4% to 50%, particularly in susceptible young birds [49].

Co-Infection of aMPV and Bacteria

Cases of aMPV often coincide with co-infection with Escherichia coli
[7,48,49,50]. When such co-infection occurs, the clinical signs in birds tend to be more
severe. This is because one agent can potentiate the action of the other, thereby
increasing the overall pathogenicity of the clinical presentation [51,52,53,54,55,56,57].

Studies have shown high morbidity and exacerbation of the clinical picture in
turkeys co-infected with aMPV and Mycoplasma gallisepticum [58], Ornithobacterium

rhinotracheale [59] and lentogenic Newcastle disease virus [60]. Chickens
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experimentally infected with aMPV and later infected with three different bacteria
(Escherichia coli, Bordetella avium, Ornithobacterium rhinotracheale or a mixture of
the three) were evaluated; animals infected with aMPV and the mixture of the three
developed more severe clinical symptoms when compared to birds inoculated with
aMPV or bacteria alone. The air sacs and lungs in this situation showed more severe
alterations in birds inoculated with aMPV and Bordetella avium [61].

Infections by aMPV and Ornithobacterium rhinotracheale are one of the main
problems related to the respiratory system in turkeys. Field cases and experimental
studies have shown that the most common manifestations in cases of co-infection are

airsacculitis and pneumonia [62,63,64].

Vaccination against aMPV and Viral Selective Pressure

The first vaccine used to control and prevent aMPV originated from a field
strain called UK/3B/85 belonging to subtype A [65,66]. Until 1995 only vaccines
belonging to subtype A were used in the UK, and the prevalence of this subtype
appears to have declined, in contrast, what has been observed is an increase in the
prevalence of aMPV subtype B [67].

This possible selection by vaccine pressure was demonstrated in a study in
which eight aMPV strains (pre-1994) and six aMPV strains were evaluated between
2001 and 2007, with these samples coming from the Veneto region, Italy.

The strains, when compared, showed genetic mutations in specific amino
acids of glycoprotein G, and the prevalence was of aMPV subtype B and the vaccines
used also belonged to this same subtype [11]. These genetic mutations in glycoprotein
G may favor viral escapes, as vaccines will present partial coverage, which would
reduce their effectiveness when used.

Although vaccines played an excellent role in controling aMPV with a
homologous subtype, the pressure exerted by vaccines on the environment may have
helped in the dominance of another subtype, in this case B. In addition to vaccine
pressure, hosts and environment can help in this process. In studies [68,69,70,71], the
heterologous protection capacity between vaccines of different subtypes is

demonstrated, although it is susceptible to viral escapes.
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There are two types of live vaccines available on the market, one subtype A
and the other subtype B, information in the literature indicates that both products
provide good cross-protection [68,69,70,71].

Other very important measures, such as a rigorous biosecurity program and
proper management, including bird density, litter conditions, sanitary intervals,
cleaning and disinfection, multiple ages and environmental conditions (ventilation,
temperature variations) are also of great importance for the successful control of this
disease [72]. Thus, in high-risk regions, vaccination together with a biosecurity
program is an indispensable part of the strategic control of aMPV. The introduction of
vaccines into immunoprophylaxis programs is not a simple activity, as in addition to
the costs involved, there is an enormous limitation of labor for the application of
vaccines, whether through mass (spray, drinking water) or individual (ocular or
intramuscular) application, which require greater attention, as in these cases vaccines
are applied bird by bird, which often limits the use of this method. [73].

Vaccination programs can be used through different strategies, it is important
to know how they work and what the final objective is of protection for aMPV. It is
possible to use replicating (live) and inactivated (non-replicating) vaccines, and it is
important to respect the purpose of each tool. Replicating vaccines end up stimulating
both a cellular and humoral response. When necessary, these vaccines can be used
in broiler chickens from the first day of life. Non-replicating vaccines are widely used in
long-lived birds (broiler-breeders). Non-replicating vaccines induce greater production
of circulating antibodies (IgY) mainly to protect the reproductive tract of birds in addition
to reducing viral excretion [74]. In long-lived birds, the ideal would be to associate the
two technologies, where the replicating vaccine would serve as a primer for the non-
replicating vaccine, providing broader and more uniform protection for birds [75].

aMPV has been considered a relatively slow-evolving virus when compared to
other avian RNA viruses, however, other studies estimate that this rate of viral
evolution is within the normal range [76,77,78]. Viral evolution is based both on the
pressure exerted by vaccine programs and on the type of host and the environment,
since different strains belonging to the same subtype circulate phenotypically in
different regions of the world [78].

Thus, the vaccines used for the prevention and control of aMPV, although

capable of reducing clinical conditions and viral dissemination, are not equally effective



35

in preventing aMPV infection and circulation, contributing to viral persistence within a
given region or country [78].

It is very important to monitor the animals, this includes indirect methods such
as serology, but molecular diagnosis is essential to identify the prevalence of the

subtype, which can help in making more assertive decisions [79,80].

Methodological Trends for the Discovery of New Viral Strains in Poultry

Molecular techniques such as PCR or RT-gPCR, Sanger sequencing and next
generation sequencing (NGS), have demonstrated their clinical and epidemiological
importance through the identification and genetic typing of pathogens [80,81,82,83].
The NGS and Sanger sequencing techniques are distinguished by their ability to
identify mutations during the sequencing process, where Sanger is used to identify
short DNA sequences (500 to 900 base pairs), while NGS is capable of sequencing 50
to 900 base pairs 300 nucleotides in length, in addition to its ability to read billions of
genetic fragments at the same time [84]. While the Sanger sequencing technique is
confined, in clinical practice, to the detection of point mutations, NGS has introduced
significant innovations. Although NGS does have some limitations related to the
potential for errors in genomic regions with repetitive nucleotide bases, it stands out
for its enhanced capability to analyze mutations during the same process, as well as
its greater efficiency and speed in generating and identifying results [81,82,83].

NGS techniques seem more accurate in identifying not only point mutations,
but also already circulating or new variants (whole genomes) of infectious and
contagious pathogens, such as aMPV [83,84]. NGS is characterized via DNA or cDNA
sequencing, which can generate short or long reading fragments, depending on the
methodology used. The most used NGS platforms for respiratory virus detection are:
lllumina sequencers, Life Technologies sequencers, Oxford Nanopore sequencers
and Roche (Metapneumovirus) sequencers [84,85].

Considering that aMPV is one of the most important respiratory agents in birds
and associated with economic losses in production, and because it is an RNA virus,

where mutations and recombinations occur at higher rates, genomic surveillance is an
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important tool for tracking the dissemination of variants and monitoring of genetic
alterations [84,85,86,87,88,89].

Currently, serological methods are widely used for screening and field
monitoring of batches where serum antibody titers are detected. However, molecular
techniques, mainly RT-qPCR, are widely used for aMPV detection, where primers are
usually designed to amplify the G gene region both for viral detection and for the
identification of subtypes, as it is a region of substantial heterogeneity [88].

In Brazil, there are studies describing the circulation of the two main subtypes
of aMPV, A and B. However, it is important to highlight that the epidemiological survey
of the pathogen is outdated, as there is no genomic surveillance system implemented
in the country. Therefore, whole-genome sequencing techniques, such as next-
generation sequencing (NGS), are essential for the identification of small mutations in
the aMPV genome, which may lead to vaccine inefficiency, as well as for the
development of vaccines [87,88,89,90].

Kariithi et al. (2022) used the lllumina MiSeq platform to sequence complete
genomes of aMPV subtype A in broilers from Mexico [90]. Based on the recent impact
caused by aMPV at the clinical and economic levels in Europe, the platform
reconstructed the phylogeny and viral dispersion based on sequences deposited in
GenBank from 1985 to 2019 and identified the heterogeneity of circulating strains
among the countries analyzed and, although the authors did not report any significant
host adaptation, there was a shift in bloodlines between turkeys, guinea fowls and
chickens; this heterogeneity can lead to low coverage and vaccine failures [22].

Unfortunately, despite the visible need for more accurate genomic
surveillance, genetic analysis of aMPV is still very scarce. Currently, studies with SNG
are more focused on human Metapneumovirus, with birds being the majority analyzed
via RT-PCR (Table 1).



37

Table 1. Epidemioclogical analysis studies based on aMPV genomic analysis.

Target Sample Methodology Country aMPV Subtype Publication Year Author
Gene—G Cloacalfthroat double swabs RT-PCR China 202z [91]
ELISA 2021
Gene—G and Protein G Choanal cleft swab Morth Vietnam [92]
RT-PCR amrPVv B 2021
Genes—G, Ne M Choanal cleft swab RT-PCR Iran aMPV B 2017 [93]
Gene—G Respiratory tract swabs RT-PCR MNarthern Italy aMPV B 2018 [86]
Gene—M Qropharyngeal and cloacal swabs RT-PCR Canada ampPVv C 2018 [45]
Gene—G Tracheal swabs RT-PCR and Sanger sequencing Greece aMPV B 2019 [94]
Gene—G Throat swabs - China ampPv B 2019 [95]
Gene—N, M, F L, M2, SHe G  Tissues swabbed (choana, lung) Illumina sequencing Mexico aMPV A 202z [96]
Genome Uninformed NGS (lllumina MiSeq) Hungary aMPV B 2020 [97]
Gene—G Tracheal and cloacal swabs RT-PCR and Sanger sequencing Brazil aMPV Aand B 2011 [72]

The studies presented here affirm the importance of effective genomic
surveillance, including for aMPV, which can influence prevention, clinical and
economic improvement in animals for producers, as well as improvements in animal
diagnosis and therapy and the development of more effective vaccines that have

greater protection coverage compared to current aMPV vaccines.

Conclusions

The evolution of molecular techniques for viral diagnosis, mainly of aMPV, has
played an important role in fast and accurate viral detection, understanding the
epidemiology and helping to inform the best control strategies over the years. Although
there are important tools to support and assist in accurate diagnosis, it is essential to
evolve further in the detection and control of this disease. In this sense, in addition to
traditional serological and molecular methods, we emphasize genomic sequencing
which has allowed the broad characterization of the genetic variability of the virus, the
detection of mutations, and the identification of new variants, as well as allowing the
simultaneous evaluation of pathogens present in the same sample in cases of co-
infections. This approach has allowed us to understand the evolution of viruses over
time and can be used to evaluate the efficiency of vaccination programs in poultry.

It is evident that the control of aMPV requires a holistic view, focused on
knowledge of the agent, epidemiological surveillance, effective diagnosis, adequate

immunoprophylactic programs and constant discussing of the precepts of biosafety,
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thus, a new approach must be used for control and disease prevention, mainly

respiratory, in birds.
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Abstract: Brazil is the second largest producer of broiler chicken in the world,

and the surveillance of avian pathogens is of great importance for the global economy

and nutrition. Avian metapneumovirus (aMPV) infection results in high rates of animal

carcass losses due to aerosacculitis and these impacts can be worsened through co-
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infection with pathogenic bacteria, particularly Escherichia coli (APEC). The present
study evaluated the seroprevalence of the main aMPV subtypes in unvaccinated
broiler chickens from poultry farms in Brazil, as well as the clinical effects of co-infection
with APEC. Blood samples, respiratory swabs, femurs, liver, and spleen of post-
mortem broiler chickens were collected from 100 poultry production batches, totaling
1000 samples. The selection of the production batch was based on the history of
systemic and respiratory clinical signs. The results indicated that 20% of the lots
showed serological evidence of the presence of aMPV, with two lots being positive for
aMPV-B. A total of 45% of batches demonstrated co-infection between aMPV and
APEC. The results point to the need for viral surveillance, targeted vaccination, and
vaccination programs, which could reduce clinical problems and consequently reduce

the use of antibiotics to treat bacterial co-infections.

Keywords: clinical signs; slaughter convictions; virus—bacteria co-infection;

colibacillosis

Introduction

The transmission of respiratory agents in poultry farming generates constant
chal-lenges for the global activity, losses are related to the decrease in zootechnical
perfor-mance and direct impacts on the quality of life of affected animals [1]. The
presump-tive diagnosis of these diseases is difficult to perform, as there are no
pathognomonic signs for viral respiratory diseases, such as Influenza (1A), New Castle

Disease (NCD), Infectious Bronchitis Virus (IVB) and Avian Metapneumovirus (aMPV)

2].
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The aMPV is a virus belonging to the Pneumoviridae family, Metapneumovirus
genus, which mainly affects the respiratory and reproductive systems of birds when
infected [3]. The classification of aMPV can be carried out based on its envelope
glycoproteins (G, F and SH), the main of which is the G glycoprotein, which is
responsible for bind-ing to the host cell receptor [4]. The distinction in some amino
acids present in the ge-netic material can alter the subtypes of aMPV, only 4 subtypes
are described based on their antigenicity: A, B, C and D [5], 2 intermediate subtypes
have also been described [6]. Subtypes A and B are more similar to each other than
subtype C, for example [5]. In Brazil, the first reported case of aMPV occurred in the
mid-1990s [7], although this dis-ease is relatively new in the country and few
epidemiological studies have been de-veloped. aMPV has already been identified on
most continents and its first description occurred in South Africa in turkeys, as TRT
(Turkish Rhinotracheitis) [8]. In just a few years, it has been possible to identify aMPV
in several different regions since its first appearance. A factor that can significantly
contribute to this spread, in addition to mi-gratory birds, is the intercontinental

movement of people [9].

The aMPV infection in turkeys and chickens continues to be a serious problem
for producers worldwide. Subtypes A and B are responsible for causing the greatest
pro-duction losses, mainly associated with swollen head syndrome, which produces
signs such as swelling of the periorbital and infraorbital sinuses, in addition to the
produc-tion of mucus and nasal secretion [10, 1]. The problems are not restricted to
the respir-atory system, the two main subtypes can affect egg production and quality
due to their predilection for replication in tissues of the respiratory and genitourinary

tract [11]. Although there are vaccines available to prevent aMPV in Brazil, the
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immunoprophy-laxis strategy to prevent this agent is not commonly used, especially in

broiler chick-ens.

Upper respiratory tract infections caused by aMPV can be isolated or, in many
cases, associated with bacteria such as Escherichia coli [1]. Coinfection-related viral
damage and persistence may be altered compared to viral monoinfections [12].
Infections caused by avian pathogenic Escherichia coli (APEC) can be primary or
secondary [13,14]. The development of secondary infections by APECs is conditioned
by predis-posing factors that can disturb the host's organic balance, such as
compromised integ-rity of the skin or mucous membranes, poor hygiene practices,
influence of immuno-suppressive factors, inadequate ventilation and the presence of

viral diseases [13, 15, 14].

In this context, a primary viral infection of the airways can lead to a secondary
bacteri-al infection. The increase in bacterial binding factors induced by the virus favors
the clinical manifestation caused by Escherichia coli [16], and the damage generated
by vi-ral replication in mucociliary tissues favors bacterial maintenance in the

respiratory tract [17, 18].

Regarding the economy and poultry production, Brazil is the second largest
producer and largest exporter of chicken meat in the world, being in evidence in global
health and nutrition. In relation to the slaughter of broiler chickens, the states of Parana,
San-ta Catarina and Rio Grande do Sul, Sdo Paulo, Goias, Minas Gerais stand out
(together they represent 88.33% of the total birds slaughtered in Brazil and exported).
The state of Ceara allocates its production for Brazilian domestic consumption [19].

This high percentage of birds housed in a geographic region can pose health risks to
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the animals' health, mainly through the transmission of respiratory infectious agents

[20].

In view of the above, the present study aimed to evaluate the seroprevalence
of aMPV in unvaccinated broiler chickens, perform molecular detection by RT-PCR
and identify the subtypes present in Brazil, in addition to evaluating the impacts caused

in batches of broiler chickens that presented co-infection between aMPV and APEC.

Material and Methods

Sample collections

A total of 100 batches of broiler chickens were evaluated (Gallus gallus
domesticus) distributed throughout Brazil. The definition of the states where the
samples were collected respected the proportionality of broiler chicken production, 10
chickens were sampled per batch, totaling one thousand chickens, coming from the
South Region (states of Parana (n = 30 lots), Santa Catarina (n = 15 lots), Rio Grande
do Sul (n = 15 lots)), Southeast Region (states of Sdo Paulo (n = 10 lots) and Minas
Gerais (n = 10 lots)) and Northeast Region (state of: Ceara (n = 20 lots)), which

represent 80% of chicken meat production in Brazil [19]. Figure 1 shows the regions
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and collection areas. Zootechnical data were not available for this study.

1,000 km

Figure 1. Map of Brazil, highlighting the South, Southeast and Northeast Regions and
the Brazilian states sampled in the present study, being Rio Grande do Sul (RS), Santa

Catarina (SC), Parana (PR), Sao Paulo (SP), Minas Gerais (MG) and Ceara (CE).

The batches were selected based on the history of respiratory problems and
animals that presented some respiratory disorder, such as sneezing, rales, snoring,
nasal secre-tions and swollen head and suspected colibacillosis. Furthermore, the

birds were not vaccinated for aMPV.

The liver and spleen organs were collected and evaluated (taking into

consideration, the presence of macroscopic lesions), femurs and 10 nasotracheal
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swabs were collect-ed. The samples were stored at a temperature of 2° to 8 °C for the

purposes of diag-nosing aMPV and identifying APEC.

For the purpose of serological evaluation for aMPV, blood samples were
collected 15 to 21 days after the first collection. Collection was carried out in pools of
20 animals and the sera were stored individually by batches and organs of animals
undergoing post-mortem inspection aged between 13 and 32 days. The liver and
spleen organs were collected and evaluated (taking into consideration, the presence
of macroscopic lesions), femurs and 10 nasotracheal swabs were collected. The
samples were stored at a temperature of 2° to 8 °C for the purposes of diagnosing

aMPV and identifying APEC.

All biological samples evaluated here were donated by farms that carry out
routine inspections, eliminating the need for an ethics committee as they are leftover
biological samples collected by routine health surveillance services - Consultation with
the Ethics Committee on the Use of Animals (CEUA n° 4434190521 / Federal

University of Santa Catarina).

Clinical signs in batches

To survey the clinical signs of the sampled batches, anamnesis was carried
out and the individual sanitary control sheets of the batches were evaluated, where
information such as medications used, clinical signs, average weight and feed

consumption were recorded.

Serological detection of aMPV

To detect antibodies against aMPV, the ELISA (Enzyme Linked Immuno

Sorbent As-say) method was used, using the BioChek commercial kit (Netherlands),
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following the manufacturer's instructions. The results were analyzed according to an
optical density (OD) using the BioChek ii software (version 2015) with sample/positive
ratios (SP) > 0.5 (titer =2 0.501), indicating the average titer of the 20 birds evaluated
per batch against possible natural exposure to aMPV, since they are not birds

vaccinated against the pathogenic agent.

Molecular detection of aMPV by RT-PCR

Total RNA from the samples was extracted using the RNeasy® Mini kit
(QIAGEN) following the manufacturer's instructions. The M-MLV Reverse
Transcriptase kit (Promega) was used to perform reverse transcription, following the
manufacturer's in-structions. For the polymerase chain reaction (PCR), the G protein
gene was used for the detection of subtypes A and B (Table 1), using the following
reagents and concen-trations 2 mM magnesium chloride, 0.25 mM
deoxyribonucleotide phosphates, 0.3 uM of each primer, 1 U of Taq DNA polymerase
GoTag® DNA Polymerase (Promega, Madison, WI, USA), 1x Green GoTaq® Reaction
Buffer (Promega, Madison, WI, USA), 3 uL of sample and sterile ultrapure water to
make 25 pL. The reactions were carried out in a thermocycler, using the following
cycling parameters: 94 °C for 2 minutes; 35 cycles of 94 °C for 30 seconds, 63 °C for

30 seconds, 68 °C for 3 minutes; and final cycle of 72 °C for 10 minutes [21].

The samples were subjected to horizontal electrophoresis in 1% agarose gel,
using GelRed as a DNA intercalating agent. Amplicon sizes were determined by

comparison with the low molecular weight (LMW) marker.
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Table 1. Primers, gene target and size of gene fragments used in molecular

detection of aMPVA A and B.

Virus Target Primer sequence Amplico Reference.
gene n Size
aMPV/A G F 5'-GGACATCGGGAGGAGGTACA -3' 116 bp [21]
protein

R 5'-CACTCCTCTAACACTGACTGTTCAACT -3'

aMPV/B G F 5'-TCATCCCGGAAGCCTCCCTCACTAT-3' 135 bp [21]

protein
R 5'-TAGCGTTTGCTGCACTGGCTTCTGATAC -3'

Assessment of APEC co-infection

For the isolation of Escherichia coli, femur swabs were inoculated on
MacConkey agar and incubated at 37 °C for 24 hours. Typical Escherichia coli colonies
were confirmed as APEC using qualitative PCR, as described by [22, 23] using the
genes: iroN, ompT, hlyF, iss e iutA as the predictors of APEC virulence (Table 2).

Table 2. Primers, gene and size of gene fragments used in APEC detection.

Target Primer sequence Amplicon Reference
gene size
iroN F 5'-AAGTCAAAGCAGGGGTTGCCCG -3' 667 bp [23]
R 5'-GATCGCCGACATTAAGACGCAG -3'
ompT F 5'- TCATCCCGGAAGCCTCCCTCACTACTAT -3' 496 bp [22]
R 5'- TAGCGTTTGCTGCACTGGCTTCTGATAC -3'
hlyF F 5'- GGCCACAGTCGTTTAGGGTGCTTACC -3' 450 bp [22]
R 5'- GGCGGTTTAGGCATTCCGATACTCAG -3'
Iss F 5'- CAGCAACCCGAACCACTTGATG -3' 323 bp [23]
R 5'- AGCATTGCCAGAGCGGCAGAA -3'
iutA F 5'- GGCTGGACATCATGGGAACTGG -3' 302 bp [22]

R 5'- CGTCGGGAACGGGTAGAATCG -3'
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Results

Clinical signs in batches

A total of 43 lots showed no clinical signs (attribute “0”), 29 lots showed only 1
clinical sign (attribute “+”) and 28 lots showed the presence of more than 2 clinical
signs (attribute “++”). The ranking of the batches evaluated according to the clinical
signs obtained from the batch health control sheets, containing information on the

clinical signs observed and medications used (Table 3).

Table 3. Classification of batches according to clinical signs, injuries,

medication used and origin of samples.

Total
Ranking - . . FectE
Clinical Signs and Injuries Batches Batches Medications
Scores
Medicated
n=29
13, 40, 46, 48, 49, 50, 51, 52, 53, 54,
0 (13, 40, 46, 48, 49, 0 Unmedicated
61,62, 63, 64, 65, 66, 67, 68, 69,70, 71,
73,74,75,76, 77,78, 79, 80)
n=42
(1,2,8,4,5,6,7,8,10, 12, 16, 19, 20, Sultfa + Trimethoprim,
+ sneezing, crackles, nasal discharge, aerosacculitis, nasal discharge, 21,27, 28, 34, 35, 37, 38, 39, 47, 55, 56, 3 Ciprofloxacin, Norfloxacin,
81,82, 84, 85, 86, 87, 88, 89, 90, 91, 92, Florfenicol,
93, 94, 95, 97, 98, 99, 100)
sneezing and mucopurulent nasal discharge, sneezing and rales, rales and n=29 Ciprofloxacin,
swelling in the periocular region, swollen head and rales, sneezing and presence (9, 11, 14, 15, 17, 18, 22, 23, 24, 25, 26 21 Sulfachlorpyridazine +
of airsacculitis, sneezing, rales and nasal discharge, sneezing and ftracheitis, 29,30, 31, 32, 33, 36, 41, 42, 43, 44, 45, Trimethopim, Norfloxacin,
airsacculitis and colibacillosis, septicemia, suspected colibacillosis. 57, 58, 59, 60, 72, 83, 96) Florfenicol,

Classification of clinical conditions in birds based on clinical signs and lesions
observed, where: “0” No clinical signs (n=29), “+” Only 1 clinical sign observed (n=42)
and “++” 2 or more signs observed (n=29). The origin of the samples by state is
identified as per the following description: 1 — 15 batches from the state of Santa
Catarina. 16 — 30 batches in the state of Rio Grande do Sul. 31 — 60 batches in the
state of Parana. 61, 62, 65, 66, 67, 69, 75, 76, 77, 78, 80 batches in the state of Minas

Gerais. 62, 63, 64, 68, 70, 71, 72, 73, 74, 79 batches in the state of Sdo Paulo. 81 —
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100 batches in the state of Ceara. It is also possible to check the total number of

medicated batches and the medications used by the group.

During sample collection, it was observed that 71% of the batches showed
clinical respiratory signs, including rales, sneezing, nasal discharge and discharge,
enlargement of the infraorbital sinus and swollen head. Among the batches from the
southern states (Santa Catarina and Parana), 13.3% used antibiotics during the birds'
housing phase, among the drugs used were ciprofloxacin,
sulfachlorpyridazine+trimethopim and florfenicol. In the Southeast region (Sdo Paulo
and Minas Gerais), only one batch (5%) of the batches showed clinical signs and this
was medicated with ciprofloxacin on the day of collection. The clinical signs observed

were different between the batches, when the batch control sheets were checked.

The states of Rio Grande do Sul, Parana and Santa Catarina, which make up
the southern region of Brazil, stand out with 83.3% of the batches showing various
respiratory clinical signs. Additionally, 36.6% of these batches used antibiotic therapy
at some point in the production cycle. On the other hand, in the states of Sdo Paulo
and Minas Gerais, representing the Southeast region, only 5% of the batches showed
clinical signs of respiratory diseases, coinciding with the use of antibiotics in one of
these batches. In the state of Ceara, representing the Northeast region, all batches
collected exhibited clinical signs at the time of sampling, and 20% of them were under
drug treatment. This diversity of scenarios highlights the variation in the prevalence of

symptoms and the use of antibiotics in different regions of the country.

Seropositivity and molecular detection of aMPV

As a result, 20% of the samples showed the presence of antibodies against

aMPV. The positive samples were concentrated in the southern region of Brazil, as
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70% came from Parana and the remaining 30% from Santa Catarina. In the State of
Parana, the results indicate positivity in 14 of the 30 batches sampled, revealing a
seroprevalence for aMPV of 46.6% of the batches evaluated, with an average titratable
weight of 6,881.4 IU. In Santa Catarina, the results indicate positivity in 6 of the 15
batches sampled, with aMPV seroprevalence of 40% of the batches evaluated with a

titratable average of 780 IU (Figure 2).

Of the 100 batches evaluated for detection and molecular typing of aMPV by
RT-gPCR, 2 batches were positive for the aMPV-B subtype, while no batches were
positive for aMPV-A. Both positive samples came from the state of Parana, which had

positive serology with serological titers of 3.909 and 4.821 |U.
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Figure 2. Serology for aMPV from different Brazilian states batches.

(*) Batches with RT-qPCR positivity for aMPV-B.
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Co-infection between aMPV and APEC

All batches with serology compatible with aMPV were tested for the presence
of APEC. Of the batches in which Escherichia coli was isolated from femurs, 20%
(13/65) presented antibodies against aMPV in the ELISA assay, and in 1 batch the

genetic material of type B aMPV was detected.

Clinical signs in these animals were generally more severe compared to either
disease alone. The batches that showed co-infection between aMPV and APEC came

from the states of Parana and Santa Catarina (Table 4).

Table 4. Co-infection between aMPV and APEC and classification of different levels of
clinical signs/lot lesions: (0) no clinical signs, (+) only one clinical sign and (++) 2 or

more clinical signs.

Batches Brazilian State Serology aMPV (UlfmL) APEC Injury Scores by Clinical Signs

1 Santa Catarina 1074 Yes +
6 Santa Catarina 756 Yes +
31 Parana 3909 Yes ++
32 Parana 7761 Yes ++
33 Parana 10,564 Yes ++
38 Parana 7932 Yes ++
39 Parana 5788 Yes +
40 Parana 7194 Yes 0

45 Parana 9025 Yes ++
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Discussion

The present study demonstrated seroconversion to aMPV in batches of broiler
chickens not vaccinated against aMPV in the southern region of Brazil, specifically in
the states of Parana and Santa Catarina, which are the main poultry producers in the
country, occupying the first and second positions, respectively [19]. In this study,
20/100 batches demonstrated seroconversion to aMPV and 2/100 of these were
characterized as aMPV-B using RT-PCR. The detection of the viral genome and
isolation of aMPV rep-resents a considerable challenge, since the virus has a relatively
short period of resi-dence in the host, and is often detected in the early stages of

infection, without demonstrating characteristic clinical signs [24].

The high density of poultry farms in certain regions and the frequent nonuse of
vaccines to prevent aMPV, allows viral spread in poultry flocks. It is also noteworthy
that in the southern region of Brazil there is intense production of turkeys, which may
also contribute to the spread and maintenance of the virus in the region, considering

that subtypes A and B can be found mainly in turkeys and chickens [25].

The aMPV is widely distributed worldwide [26, 2, 27]. In Latin America, the first
report occurred in 1995 [28], using field samples of aMPV and cells derived from
chicken em-bryos, they identified subtype A. At the first appearance, an increase in
cases of aMPV, mainly in long-lived turkeys and chickens. In 2011 [29] characterized

the first appear-ance of aMPV-B in Brazil.

Despite being present in poultry flocks and often neglected in broiler chickens,
aMPV causes significant damage in poultry farming revealed that aMPV, after viral
infection, causes thickening of the tracheal mucosa [30]. This occurs due to

congestion, edema and infiltration of mononuclear cells in the lamina propria of the
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trachea, generally appearing between three and seven days after infection.
Furthermore, flattening of ep-ithelial cells and focal disciliation were observed, which

may facilitate the emergence of secondary infections, worsening clinical signs.

The detection of aMPV-B in Brazilian poultry flocks may be related to the
massive use of vaccines against aMPV-A for many years, which may have exerted
vaccine pressure generating alternation of aMPV-B. It is worth mentioning that aMPV-
A has more lim-ited transmission, as it is via the oral-fecal route, while MPV-B is

respiratory, making it more easily disseminated [24].

Although replicating subtype A and subtype B (live) vaccines are available for
use in immunoprevention, both are cross-protective [31, 32, 33], however, are not used
in all states in Brazil. Some regions use replicating vaccines to prevent aMPV in broiler
chickens, such as the Southeast (Sdo Paulo and Minas Gerais) and Northeast (Ceara)
regions, although the batches were collected from farms that do not use them, but this
practice is relatively common in these regions. This factor may explain the low circula-
tion of aMPV in these locations, since vaccination generates selection and control
pressure, reducing clinical signs and viral excretion when used, although in the state
of Ceara 100% of batches showed clinical respiratory signs, possibly another viral

agent must be present at that time.

In the states of the Southern region (Parana, Santa Catarina and Rio Grande
do Sul), of the 20 batches in which the presence of antibodies to aMPV was detected,
only two did not show clinical signs at the time of collection, which may be linked to the

character-istic of infection and viral replication in early stages [34, 35, 36].

Regarding the use of medicines during production cycles, there is a significant

concentration in the southern region of Brazil, which represented 88% of all batches
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medicated in Brazil. These treatments were primarily aimed at controlling opportunistic
bacteria or those naturally present in birds. Isolates confirmed as APEC were obtained
in 45% of the batches in which there was seroconversion to aMPV, demonstrating the
condition of co-infection. This was linked to the clinical condition of the birds, which
leads to production losses during the life of the flock, as well as the loss of slaughtered

birds.

The identification and characterization of APEC in aMPV-positive batches in
Brazilian states demonstrates the importance of this agent, regardless of its primary or
secondary role, especially in batches that were medicated to reduce impacts related

to co-infection with aMPV associated with APEC [37].

Conclusions

The study presents the seroprevalence of aMPV in 20% (20/100) of the
batches evaluated in Brazil, with the presence of subtype B detected, with 45% (9/20)

demonstrating greater clinical problems in the presence of APEC co-infection.

This study points to the need to design constant monitoring strategies aimed
at combating aMPV in the poultry sector, as well as reducing viral circulation and
bacterial co-infections. This, together, will certainly have a positive impact on
production, with a view to protecting livestock, improving animal health, and

consequently reducing the use of antimicrobials.
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Abstract: The infectious bronchitis virus (IBV) is ubiquitous, posing a threat to poultry
batches worldwide. Biosecurity measures and vaccination are common practices to
mitigate productivity losses. The objective of this study was to conduct IBV surveillance
in Brazil, understand potential viral escapes, identify new variant strains in the poultry
population, and assess the persistence of vaccine virus in vaccinated broilers. A total
of 1,000 nasotracheal swabs from 100 batches were collected from poultry carcasses

in six Brazilian states (Rio Grande do Sul, Santa Catarina, Parana, Sao Paulo, Minas
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Gerais, and Ceard). Screening for IBV presence was performed using Reverse
Transcription Polymerase Chain Reaction (RT-PCR), resulting in the amplification of
392 base pair (bp) fragments within the hypervariable region of the IBV S1 gene.
Remarkably, 91% of the samples tested positive for IBV. Our analysis revealed the
presence of IBV from three distinct lineages, with numerous samples exhibiting the co-
occurrence of more than one lineage. For understanding viral phylogeny and evolution,
28 samples from different Brazilian states were selected from the total of 100 batches
for Sanger sequencing. Phylogenetic analysis identified the lineage origin, classifying
them as 7.14% belonging to GI-1, 78.57% to GI-11, and 14.28% to GI-23. The results
of this research can assist Brazilian poultry companies in designing more effective

vaccination programs. This study also identifies a new IBV variant (GI-23) in Brazil.

Keywords: Infectious Bronchitis Virus, GI-23 Strain, Viral Escapes, Vaccination,

Emerging Variant Strains
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Introduction

The historical transformation in global poultry farming has brought about
numerous challenges, including the control of diseases, especially respiratory
diseases in birds (Yehia et al., 2023). The concentration of poultry in specific regions
has significantly increased sanitary risks, leading to the introduction of many diseases
in various parts of the world. In this context, Infectious Bronchitis Virus (IBV) was first
reported in the 1930s in the United States, with the identification of the Mass serotype
(Sjaak de Wit et al., 2011). Within a few years, it was identified in various regions
across the globe, characterizing the virus as omnipresent in the worldwide poultry

industry (Molenaar et al., 2020).

IBV is a highly contagious viral disease that affects chickens (Gallus gallus
domesticus) as well as other domestic and wild birds, including partridges, geese,
pigeons, guinea fowls, teals, ducks, and peafowl (Cavanagh, 2007). The virus has an
envelope and a single-stranded positive-sense RNA with a length of 27 Kb. It belongs
to the Coronaviridae family (Cavanagh & Gelb, 2008), Gammacoronavirus genus, and
encodes four structural proteins (spike, envelope, matrix, and nucleocapsid) (Jordan,
2017). The spike protein (S) is post-translationally cleaved into S1 at the amino-
terminal and S2 at the carboxy-terminal subunits (Cavanagh et al., 1986). The spike
protein is responsible for virus-host contact and binding, playing a crucial role in host
cell specificity and containing epitopes that induce the production of neutralizing
antibodies. Based on complete sequences obtained from the S1 gene, it is possible to
define 6 genotypes comprising 32 distinct lineages (Gl-1 - GI-32) (Jackwood et al.,

2020; Valastro et al., 2016).

The disease is primarily characterized by upper respiratory symptoms in birds,

but it is also common to affect other organs such as the kidneys and the reproductive
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tract. This can lead to issues related to airsacculitis, proventriculitis, nepbhritis,
zootechnical losses, poor egg quality, high morbidity, and mortality (Moreno et al.,

2017; Sjaak de Wit et al., 2011).

One of the main ways to control IBV is through a combination of good production
practices, along with biosecurity measures on poultry farms (Sjaak de Wit et al., 2011).
Additionally, the use of live (replicating) or inactivated (non-replicating) vaccines can
be highly effective in controlling this disease. However, due to the extensive genetic
diversity and high mutation rate, this results in many distinct viral lineages, thereby

reducing the protective coverage of vaccines (Sjaak de Wit et al., 2011).

There are two mechanisms involved in the genetic change of IBV. The first
mechanism is the generation of mutations that accumulate over time through simple
evolution or as a result of pressures exerted by vaccines, resulting in genetic
differentiation (Britton et al., 2012). This occurs because the polymerase enzyme
makes "mistakes" when replicating the viral RNA genome to create a new particle.
Since these errors occur at a high speed, and the ability to go back and correct them
is limited, the result is the rapid evolution of the virus (Wang & Khan, 2000). When
errors introduced into the genome provide a selective advantage to the virus, this
"genetic variant" becomes the emerging new virus that can cause diseases in birds
(Jia et al., 1995). The second mechanism that leads to changes in the IBV genome is
called recombination, which can occur when two types of IBV infect the same cell (Jia
et al., 1995). During virus replication, the polymerase enzyme starts copying the
genome of one virus and then switches to the other, creating a genetic mutation that
contains portions of the genomes of both parent viruses. This process results in a
relatively rapid change in the viral genome composition (Chacén et al., 2023). Although

genetic changes can lead to rapid and significant alterations, they are often
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incompatible, for example, when two vaccine viruses recombine. Thus, viral
recombination only occurs when specific genes involved in the pathogenicity and/or
immunogenicity of a new virus can emerge to cause disease, and it is a relatively rare

event.

This constant Darwinian evolution of IBV results in the emergence of new virus
types (Fraga et al., 2013). Some types of IBV vaccines are particularly good at inducing
antibodies that will cross-react with more distant virus types, providing broad
protection, but each case is different and should be experimentally tested in chickens

(Mendoza-Gonzalez et al., 2022).

The significant antigenic variability of IBV has led to the development of many
vaccines worldwide to combat this disease. Additionally, the use of two genetically
distinct vaccines can provide broad coverage, although not complete, against
heterologous viruses (Abdel-Sabour et al.,, 2021; Sjaak de Wit et al., 2011).
Epidemiological surveillance can help characterize which genotype or lineage is
present in a particular region, evaluate possible viral escapes, and identify new wild

strains of IBV (Valastro et al., 2016).

In Brazil, IBV has been circulating since the 1950s, with many distinct genotypes
and lineages identified. The first identification was of the Mass serotype (Fraga et al.,
2018), and with the advent of molecular biology in the 1990s, a clearer understanding
of the main viral clades present in Brazil became possible. Until 2021, only two vaccine

serotypes were authorized for use in Brazil, the Mass serotype and the Variant BR.

In 2022, a new lineage, GI-23 (Variant-2), was identified in Brazil, and a
matching vaccine was introduced (lkuta et al., 2022; Trevisol et al., 2023). The Variant-

2 of the Infectious Bronchitis Virus, belonging to the GI-23 lineage, was first described
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in Israel in 1998 and was responsible for significant lesions in the respiratory and
nephropathogenic systems in birds. In 2016, the identification of the same strain in

Europe was reported (Lisowska et al., 2017; Valastro et al., 2016).

Therefore, the primary objective of this study was to monitor IBV in both
vaccinated and non-vaccinated birds, assess vaccine escapes and viral persistence in
hosts, evaluate the prevalence of different lineages, and investigate the possible

introduction of new IBV lineages in Brazilian territory.

Material and Methods

Sampling

A total of 100 broiler chicken batchs (Gallus gallus domesticus) were collected
and evaluated. The samples were obtained from different states in Brazil and were
collected from August to December 2021. Zootechnical data were not available for this

study.

The total number of samples collected per state followed the proportional
poultry production of each region or location. Ten chickens were sampled per batches,
totaling 1,000 chickens from the following regions: South (states of Parana (n = 30
batches), Santa Catarina (n = 15 batches), Rio Grande do Sul (n = 15 batches,
Southeast (states of Sdo Paulo (n = 10 batches) and Minas Gerais (n = 10 batches),
and Northeast (state of Ceara (n = 20 batches). These regions collectively represent
80% of the broiler chicken production in Brazil (ABPA, 2023). Sterilized swabs were
used for collecting material from the nasal sinuses of the birds to detect IBV in the

samples. All collection was carried out from dead animals, donated by the producing
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farms and submitted to inspection aged between 13 and 32 days. Figure 1 illustrates

the regions and collection areas.

All biological samples evaluated here were donated by farms that carry out
routine inspections, eliminating the need for an ethics committee as they are leftover
biological samples collected by routine health surveillance services - Consultation with
the Ethics Committee on the Use of Animals (CEUA n° 4434190521 / Federal

University of Santa Catarina).

=3

Da plataforma Bing
© Microsoft, OpenStreetMap

Figure 1. Map of Brazil, highlighting the South, Southeast and Northeast Regions
and the Brazilian states sampled in the present study, being Rio Grande do Sul (RS),
Santa Catarina (SC), Parana (PR), Sao Paulo (SP), Minas Gerais (MG) and Ceara

(CE).
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Batches were selected based on a history of respiratory problems, and the

vaccination programs used are described in Table 1.

Table 1: Demonstrate the different vaccination programs in Brazilian states. Each
region utilizes programs based on its local challenges, which may vary between the
use of one or two strains in the same immunoprevention program, where the day and

method of application are the same for all companies.

State Vaccination Vaccination Location and
program date vaccination route
Santa Massachusetts + BR- | 1st day of life Spray in the hatchery
Catarina 1

Rio Grande | Massachusetts + BR- | 1st day of life Spray in the hatchery

do Sul 1

Parana Massachusetts + BR- | 1st day of life Spray in the hatchery

1

Minas Gerais Unvaccinated birds 1st day of life Spray in the hatchery
for IBV
Séao Paulo Massachusetts 1st day of life Spray in the hatchery

Ceara Massachusetts 1st day of life Spray in the hatchery




81

Extraction of genetic material and molecular detection of IBV by RT-PCR

Nasotracheal swabs were eluted in PBS (1X), and total RNA extraction from the
samples was performed using the RNeasy® Mini kit (QIAGEN) following the
manufacturer's instructions. Reverse Transcription followed by Polymerase Chain
Reaction (RT-PCR) was carried out to determine the presence of IBV, generating
amplicons of 392 base pairs (bp) corresponding to the hyper-variable target region of
the S1 gene of Infectious Bronchitis Virus (IBV) (Jones et al., 2005). Reagents used
included the High-Capacity cDNA Reverse Transcription Kit (Applied BiosystemsTM)

and PlatinumTM Taq DNA Polymerase (Thermo Fisher Scientific).

Samples in which IBV identification was performed with a CT value below 35
were subjected to typing, based on the analysis of the hypervariable region of the S1
Spike gene, to identify samples belonging to the BR-I, BR-Il, Massachusetts, and Gl-

23 lineages of the infectious bronchitis virus (IBV).

Genetic characterization of the IBV S1 gene

Of the samples in which virus typing was performed, 28 were selected for
sequencing of the S1 gene to carry out phylogenetic classification. To this end, the
amplicons obtained were sequenced using the Sanger method to obtain phylogenetic

information and confirm the viral lineage and strain.

For phylogenetic analysis, the MEGA-X program was employed (Kumar et al.,
2018). The evolutionary history was inferred using the Maximum Likelihood method
and the Tamura-Nei model. The tree with the highest log likelihood (-2056.43) is

shown. The percentage of trees in which the associated taxa cluster together is shown
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next to the branches. The initial tree for the heuristic search was automatically obtained
by applying the Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the Tamura-Nei model, and then selecting the topology with the
highest log-likelihood value. The tree is drawn to scale, with branch lengths measured
in the number of substitutions per site. This analysis involved 71 nucleotide sequences.
The codon positions included were 1st+2nd+3rd+Noncoding. There was a total of 308

positions in the final dataset (Kumar et al., 2018).

Results and Discussion

Prevalence of IBV in vaccine and non-vaccine samples based on RT-PCR

Out of the 100 batches assessed for IBV detection, 91% of the samples tested
positive. The positive samples were further subtyped, except for five samples that
exhibited a cycle threshold (CT) greater than 35 and were consequently categorized

as untyped. In Table 2, the results of IBV positivity in different regions are presented.

Table 2: Prevalence of IBV in the different states that originated from the samples,
showing the total number of batches that exhibited viral persistence, whether with the
presence of one or more IBV strains. Additionally, it is possible to verify the age of

the evaluated animals.

State Age of Total Number of IBV strains
collection Samples Positive identified through

(days old) samples - IBV RT-PCR
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Rio 16 - 26 15 15 (07) BR-I/BR-II
Grande do
(01) BR-I/BR-II, GI-23
Sul
(05) BR-I/BR-II,
Massachusetts
(01) BR-I/BR-II,
Massachusetts, GI-23
Santa 17 -25 15 15 (02) Massachusetts
Catarina
(01) Not detected
(02) BR-I/BR-II
(10) BR-I/BR-II,
Massachusetts
Parana 20 -32 30 30 (14) BR-I/BR-II

(06) BR-I/BR-II, GI-23

(03) BR-I/BR-Il,

Massachusetts, GI-23

(03) Massachusetts,

Gl-23
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(05) GI-23

Séao Paulo 21-27 10 10 (05) Not detected

(01) Untyped

(01) BR-I/BR-Il

(02) BR-I/BR-Il,

Massachusetts

(01) Massachusetts

Minas 13 -20 10 07 (03) Not detected
Gerais

(07) BR-I/BR-II
Ceara 24 - 28 20 14 (06) Not detected

(04) Untyped

(01) BR-I/BR-II

(09) Massahusets

The subtyping revealed that two (2.19%) samples were characterized as the

Massachusetts strain and 28 (30.76%) were classified as the BR-I/BR-II strain. Eight
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(8.79%) of them were categorized as positive for both BR-I/BR-Il and Massachusetts
strains, and seven (7.69%) were classified as BR-I/BR-Il and Variant-2 strains.
Additionally, three (3.29%) samples were classified as BR-I/BR-Il, Massachusetts, and
Variant-2 strains. Three (3.29%) samples were identified as Massachusetts and
Variant-2 strains. Finally, six (6.59%) batches were classified as Variant-2 strains.

The first case of IBV in Brazil was linked to the Mass serotype, belonging to
genogroup 1, lineage 1, which occurred in the 1950s. Since then, the virus has evolved
significantly, and new lineages have been identified over time (Sjaak de Wit et al.,
2011). Additionally, the introduction of vaccines was a crucial step in reducing
productivity losses, whether in short-cycle or long-cycle poultry. Until the year 2016,
only the Mass serotype was allowed for vaccination in birds (Valastro et al., 2016).
However, after some respiratory outbreaks in birds and the epidemiological
identification of genogroup GI-11, strain BR, the Ministry of Agriculture and Supply
approved the use of a new vaccine for IBV prevention, this time with a strain
homologous to the Brazilian variant, although this lineage had been previously
described (Chacdn et al., 2019; Jackwood, 2012). As the vaccine was introduced into
Brazilian batches, the outbreaks decreased, to some extent, helping to control the
damage caused by this lineage (Fraga et al., 2018). In this context, the six states that
comprised the epidemiological research in this study represent approximately 80% of
the country's chicken production (ABPA, 2023).

In total, 90% of the birds received vaccines containing the Massachusetts strain,
either individually (30%) or in combination with vaccines containing the BR-I strain
(60%), as demonstrated in Table 1. Additionally, 10% of the birds were not vaccinated,
and this choice may pose risks to the batch. In the region where no vaccination

occurred, 70% (07 samples) tested positive for IBV (BR-I/BR-Il). This underscores the
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sanitary risk associated with not using vaccines in immunoprophylaxis. In this regard,
vaccination programs can vary significantly depending on the country, region,
biosecurity measures, and findings from molecular diagnostics. These pillars must be
respected when introducing a vaccine, as regional production characteristics vary.
Therefore, companies can make more informed decisions when composing their
vaccination programs.

From the results obtained, it is worth noting that 19% of the samples detected
Variant-2, which belongs to Genogroup |, Lineage 23. At the end of 2020, a new IBV
outbreak was reported by many companies in the country, and this study can contribute
to the elucidation of the problems that occurred during that period. It identified and
characterized a new lineage, belonging to genotype 1, lineage 23, Variant-2, originally
described in Israel (Houta et al., 2021).

Two studies, also evaluating samples from the year 2021, mainly from the
Southern region, particularly from the state of Parang, identified the presence of the
IBV GI-23 lineage circulating in broilers. Since its introduction, there has been a rapid
spread of this lineage among farms in the major producing regions of the country, with
birds exhibiting severe clinical symptoms in the upper respiratory tract and renal

lesions (Ikuta et al., 2022, 2023; Trevisol et al., 2023).

S1 sequencing and phylogenetic analysis

Following the initial screening through RT-PCR, the sequencing of the S1
glycoprotein was carried out for potential differentiation between vaccine strains and
field challenge strains, even to identify new strains in circulation within the national
territory. These analyses were conducted on batches representing the production

areas where strains potentially non-vaccine-related were detected (all regions were
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evaluated here, except for Ceara, as the IBV-positive samples, when typed, were
positive for the Massachusetts/Vaccine strain). In this regard, 28 (32.9%) of the
positive batches were found to contain strains related to field challenges.

According to the phylogenetic relationship depicted in Figure 2 (GenBank:
OR972341-0R972368). two batches (3 and 4) from the state of Santa Catarina were
grouped and classified as belonging to the Gl-1 strain, with the nucleotide sequences
showing high similarity to the USP-13 samples (GenBank: FJ791254.1) and the H120
strain (GenBank: M21970.1).

The batches correspond to the states of Santa Catarina (11 and 13), Rio Grande
do Sul (20, 21, 27, and 28,), and Parana (46, 48, 49, 51, 52, 53, 55, and 58), were
clustered and categorized as members of the GI-11 strain (GenBank: OR972341-
OR972368).

The nucleotide sequences of batches exhibited high similarity to the BR-I strain
(GenBank: KY626044.1). The nucleotide sequence of batch 12 (from Santa Catarina
state) showed high similarity to the USP-16 sample (GenBank: FJ791757.1).

The nucleotide sequence of batch 62 (from the S&o Paulo state), showed more
than 99.98% similarity to the USP-24 sample (GenBank: FJ91265.1). From the state
of Minas Gerais (state that does not use IBV vaccines), the nucleotide sequence of six
batches (65, 66, 67, 69, 77, and 78) from the southeast region (GenBank: OR972341-
OR972368), exhibited high similarity with the samples USP-27 (GenBank:
FJ791268.1), USP-29 (GenBank: FJ791270.1), and USP-30 (GenBank: FJ791271.1).

According to the phylogenetic relationship depicted in Figure 2, four batches
(31, 33, 35, 43) were grouped within the GI-23 strain, all of them from the state of
Parana. The nucleotide sequence exhibited a similarity exceeding 99.99% with the IBV

Israel Variant-2 strain (GenBank: JX027070.1). As in the present study, the strains
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identified by Trevisol et al. (2023), who conducted a phylogenetic analysis and grouped
them together with strains circulating in Poland and Israel the strains identified by lkuta

et al. (2022) were clustered with the parental GI23 strain from Israel (Variant-2),

forming a distinct clade separated from all other IBV lineages.
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Figure 2 - Phylogenetic analysis of partial S1 sequences of Brazilian and international
IBV strains. The tree was generated by the Maximum Likelihood method and the

Tamura-Nei model. The tree with the highest log likelihood (-2056.43) is shown. The

percentage of trees in which the associated taxa cluster together is shown next to the

branches. The initial tree for the heuristic search was automatically obtained by
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applying the Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the Tamura-Nei model, and then selecting the topology with the
highest log-likelihood value. The tree is drawn to scale, with branch lengths measured

in the number of substitutions per site.

The fact that coronaviruses have RNA genomes, and these genomes are more
extensive, ranging from 27 kb to 32 kb in length, facilitating the occurrence of errors
during replication, resulting in a high mutation rate (Masters, 2006; Woo et al., 2009).
New variants of IBV, capable of evading vaccine-induced immunity, continuously
emerge due to mutations resulting from replication errors and/or recombination events
in the S1 sequences (Kariithi et al., 2022).

The comprehensive analysis of the S1 glycoprotein sequences demonstrates
the diversity and distribution of IBV strains in different regions of Brazil. Identifying
strains related to field challenges, particularly those not linked to vaccine strains,
highlights the dynamic nature of IBV and the continuous evolution of the virus. The
phylogenetic analysis, as depicted in Figure 2, provides a visual representation of the

genetic relationships among Brazilian and international IBV strains.

Vaccine persistence in the samples

There is a wide variety of vaccines, differing in strains and vaccine types
according to local requirements. In Brazil, different regions or companies implemented
distinct vaccination programs for the Infectious Bronchitis Virus (IBV), customized to
address local challenges (Saraiva et al., 2018). In the case of live vaccines, the aim is

to simulate the natural infection process by the field virus, but in an attenuated manner,
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so that the virus replication induces an immune response without causing the complete

disease (Guzman & Hidalgo, 2020).

Table 3 presents the state to which the batches belonged, the age of the birds,
the vaccination program employed, and the typing results for batches where the

persistence of the vaccine virus may have occurred.

Table 3 - Information on the state affiliation of the batches, the age of the
birds, the employed vaccination program, and the IBV genotype results for batches

where the persistence of the vaccine virus is potentially observed.

State Batch Age Vaccine IBV genotyope

number (days)

1 17 Positive for strain BR-

I/BR-Il, Massachusetts

2 17 Infectious Bronchitis | positive for strain BR-
Santa - Massachusetts I/BR-II, Massachusetts
Catarina (live) + BR-I (live)
3 19 Massachusetts
4 25 Massachusetts
5 25 Positive for strain BR-

I/BR-Il, Massachusetts

6 20 Positive for strain BR-

I/BR-Il, Massachusetts
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7 18 Positive for strain BR-

I/BR-Il, Massachusetts

8 18 Positive for strain BR-

I/BR-II, Massachusetts

9 17 Positive for strain BR-

I/BR-Il, Massachusetts

10 21 Positive for strain BR-

I/BR-Il, Massachusetts

11 22 Positive for strain BR-
I/BR-II

13 19 Positive for strain BR-
I/BR-II

14 18 Positive for strain BR-

I/BR-Il, Massachusetts

15 17 Positive for strain BR-

I/BR-Il, Massachusetts

16 24 Positive for strain BR-

I/BR-Il and strain

Variant-2
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Rio

Grande

do Sul

17 23
18 26
19 27
20 21
21 20/21
22 24
23 24

Infectious Bronchitis
- Massachusetts

(live) + BR-I (live)

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-Il, Massachusetts

Positive for strain BR-
I/BR-II, strain
Massachusetts and

strain Variant-2

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II and

Massachusetts

Positive for strain BR-

I/BR-Il and

Massachusetts
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24

16

25

22

26

22

27

21

28

21

29

22

Positive for strain BR-

I/BR-II and

Massachusetts

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-III

Parana

32

32

34

25

Infectious Bronchitis
- Massachusetts

(live) + BR-I (live)

Positive for strain

Massachusetts and

strain Variant-2

Positive for strain

Massachusetts and

strain Variant-2
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Parana

36 21
37 24
38 24
39 22
41 31
42 28

Infectious Bronchitis
- Massachusetts

(live) + BR-I (live)

Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-
I/BR-II, strain
Massachusetts and

strain Variant-2

Positive for strain BR-
I/BR-II, strain
Massachusetts and

strain Variant-2

Positive for strain

Massachusetts and

strain Variant 2
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Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

44 32
45 27
46 22
47 23
48 23
49 25
50 25
51 25

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain BR-

I/BR-II
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Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-Il and strain

Variant-2

Positive for strain BR-

I/BR-II

52 25
53 25
54 20
55 24
56 20
57 25
58 25
59 24

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-Il and

Massachusetts
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60

24

Positive for strain BR-

I/BR-II

62

26

71

23

72

27

73

23

Infectious Bronchitis
- Massachusetts

(live)

Positive for strain BR-

I/BR-II

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain

Massachusetts

Ceara

81

24

84

24

85

24

Infectious Bronchitis
- Massachusetts

(live)

Positive for strain

Massachusetts

Positive for strain BR-

I/BR-I1l and

Massachusetts

Positive for strain

Massachusetts




98

Positive for strain

Massachusetts

Positive for strain

Massachusetts

Positive for strain

Massachusetts

Positive for strain

Massachusetts

Positive for strain

Massachusetts

Positive for strain

Massachusetts

87 24
89 24
91 24
92 24
94 24
95 24
98 24

Positive for strain

Massachusetts

In total, 67 samples exhibited vaccine persistence, regardless of the vaccination

programs used by different companies. At the time of vaccine virus detection, the

batches were between 16 and 32 days old. Between days 16 and 21, 14 batches

showed vaccine persistence, batches from 22 to 27 days, 38 batchess exhibited

vaccine persistence, and from 28 to 32 days, 6 batches displayed vaccine persistence.
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There is a very clear predominance of strains present in Brazil, with a high
percentage of GI-11 BR strains identified in the biological samples of this study. This
data may be related to the high pressure exerted by vaccines, as over time, the Mass

lineage was widely used by companies (Carranza et al., 2017; Legnardi et al., 2019).

In the state of Parana, out of 30 biological samples, 18 samples revealed a new
IBV variant in Brazil, belonging to GI-23, Variant-2, accounting for 60% of the samples
from that state. This discovery justifies the issues faced in that state, where many
companies reported IBV outbreaks associated with high condemnations in
slaughterhouses between 2020 and 2021. Outbreaks linked to this new variant may

be related to the partial coverage of vaccination programs used during that period.

The state of Santa Catarina was the only one that presented a challenge with
the Mass strain, which may be related to vaccine application failures in hatcheries
(Jackwood & de Wit, 2013). Outbreaks linked to this new variant may be related to
partial coverage of the vaccination programs used during that period (Lisowska et al.,
2021).

In Rio Grande do Sul, 3 biological samples tested positive for Variant-2 strain,
which accounts for 20% of the samples from that state. Although the company employs
a vaccination program that provides partial protection against this variant, the program
does not completely block the infection and replication of this virus (Jackwood & de
Wit, 2013).

In the state of Sdo Paulo, the vaccination program consisted only of the Mass
serotype, providing partial protection for other serotypes, justifying the presence of 1
sample belonging to GI-11, strain BR-I. In Minas Gerais, the company did not use
vaccines for IBV prevention, creating an opportunity for infection and replication of field

viruses. In this state, out of the 10 samples, 7 were positive for IBV, with 6 of them
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being classified as GI-11, strain BR-I, and 1 sample was related to the Mass vaccine
virus. In this case, there may have been vaccine virus transmission from a neighboring
company, thus, indicating the circulation of the BR-I strain (Legnardi et al., 2019).

In the state of Ceara, all the typed samples were related to vaccine strains.
Many studies report these situations where vaccinated batches show field strains when
evaluated. These results, after the use of molecular diagnostic technologies, are
relatively common (lkuta et al., 2023).

One of the main concerns regarding its continued use is how live vaccines can
alter the pathogenic populations in the field through recombination across the entire
genome, reversion to virulence, or enabling strain replacement. This concern is
heightened when introducing a new vaccine strain in countries where the pathogenic
variant has not yet been detected, as, after introduction, the new vaccine strain may
evolve in unpredictable ways, presenting additional challenges for disease control
strategies (Guzman & Hidalgo, 2020).

It is not clear how poultry can respond to the combination of two or more IBV
vaccines, which could be a limiting factor in protecting the birds against challenges
(Jackwood et al., 2020). The high percentage of vaccine virus found in the birds may
be related to the high excretion of the virus in the facilities, leading to viral transmission.
This also raises the hypothesis of a high rate of virus persistence in the host, which is
similar to what has been demonstrated (Legnardi et al., 2019). The concentration of
vaccine viruses is highest after vaccine administration on the first day of life, and it
decreases as the birds' immunity is established (Lisowska et al., 2021).

In general, the results emphasize the need for continued surveillance and
monitoring of IBV in poultry batches in Brazil. Biosecurity measures and vaccination

strategies should consider the diversity of IBV strains to provide effective protection.
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The genetic information obtained in this study can serve as a foundation for the
development of more targeted and efficient vaccines. Tailoring vaccines to specific

lineages and variants can enhance their efficacy in mitigating IBV outbreaks.

Conclusion

The present study identified the circulation of the GI-23 lineage in nasotracheal
swabs from batches collected in 2021, suggesting that the virus was already in
circulation in the states of Parana and Rio Grande do Sul during that year. Further
research is needed to explore the properties and assess the potential impact of this
variant on bird health. Further research is needed to investigate the properties and
potential impact of this variant on poultry health.

Considering the large number of vaccine-derived strains identified, questions
arise about the ability of live vaccines to spread and persist. This issue raises important
points related to the effectiveness, safety, and potential environmental impact of live
vaccines used in avian immunization contexts.

Overall, this study underscores the importance of genomics and molecular
epidemiology in understanding and managing infectious diseases in poultry. The
knowledge gained from this research can contribute to more effective control and
prevention strategies for Infectious Bronchitis Virus in the poultry industry.

Collaboration between researchers, poultry companies, and regulatory
authorities is essential to ensure the implementation of informed and effective
biosecurity and vaccination practices, reducing the economic impact of IBV on the

poultry sector.
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6. CONSIDERAGOES FINAIS

As projecbes publicadas pela ONU, estimam um crescimento de 22% da
populagao até 2025, ou seja, aproximadamente 9,8 milhdes de pessoas habitarao o
planeta terra. As tendéncias demograficas variam significativamente de uma regiao
para outra. Algumas 4areas, especialmente na Africa Subsaariana, ainda
experimentarao um crescimento populacional substancial, enquanto outras, como
partes da Europa e Asia, podem enfrentar um declinio populacional.

Nesse sentido, o crescimento populacional tem uma correlagéo significativa
com a questdo da falta de alimentos, e essa relagdo € complexa. O aumento da
populagdo mundial coloca uma pressao crescente sobre o0s recursos naturais,
incluindo producéo agricola e producéo de proteina animal. A medida que a demanda
por alimentos aumenta com o crescimento populacional, ha uma necessidade
correspondente de expandir a produgao agricola e de proteina animal para alimentar
uma populagéo maior.

O crescimento populacional pode aumentar os desafios relacionados a
seguranga alimentar, especialmente em areas onde a infraestrutura agricola é
limitada. Garantir que a quantidade e a qualidade dos alimentos sejam adequadas
para atender as necessidades crescentes da populagédo torna-se uma preocupagao
crucial. O aumento da populacado destaca a necessidade de inovacao na agricultura
para aumentar a produtividade de forma sustentavel e produzir alimentos seguros e
saudaveis. Isso inclui o desenvolvimento de praticas agricolas mais eficientes, o uso
de tecnologias agricolas avangadas e a promog¢ao de métodos de produgao que sejam
ambientalmente sustentaveis, evitando assim, a transmissao de doencgas através dos
alimentos.

Em suma, a correlacéo entre o crescimento populacional e a falta de alimentos
destaca a importancia de abordagens integradas que considerem fatores sociais,
econdmicos, ambientais e tecnoldgicos para garantir a seguranga alimentar global.
Estratégias que visam a sustentabilidade, inovagdo e equidade na distribuicdo de
alimentos sdo cruciais para enfrentar os desafios associados ao crescimento
demografico, evidenciando o conceito de saude unica.

A epidemiologia e monitoramento das doengas nos plantéis avicolas brasileiro
necessitam de uma melhor compreensao, principalmente das formas de diagndstico

e a historia evolutiva viral. A coinfecgdo entre agente viral e bacteriano podem
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exacerbar os quadros clinicos aumentando assim, as perdas produtivas em varios
niveis, no campo até o abatedouro.

Os resultados encontrados na presente tese doutoral apontam para busca de
uma melhor compreensdo de patdgenos virais, assim como aperfeicoamento de
técnicas de diagndstico, para caracterizagao viral e desenvolvimento de possiveis
vacinas ou ferramentas para prevencao e controle. Torna-se relevante ressaltar a
importancia de estudos que considerem a evolugao e biologia viral, uma vez que os
virus vao sofrendo mutagdes e acumulando tais mutag¢des ao longo das infecgdes nos
seus hospedeiros. Uma modificacdo ou mutacdo pode realmente nao imprimir
patogenia imediata, mas ao longo do tempo isso pode acumular-se, surgindo variantes
patogénicas e/ou escape imune/vacinal. De tal forma, caracterizar regides virais
responsaveis pelo reconhecimento celular torna-se biotecnologicamente importante
para controle sanitario e aperfeicoamento, especialmente na avicultura, podendo

evitar eventos epidemiologicos relevantes.

7. CONCLUSAO

O primeiro capitulo discute a circulacdo e subtipagem de aMPV em
diferentes paises. Evidencia-se a necessidade de implementacao de novas técnicas
de diagndsticos para melhor compreensao da circulagdo desse agente nos plantéis
de aves, além disso, a identificagdo do agente pode facilitar os programas
imunoprofilaticos até mesmo, prospectar novas vacinas para uso em aves.

O segundo capitulo discutiu a soroprevaléncia de aMPV e identificacao e
caracterizagdo molecular para subitpagem de aMPV. Além disso, foi discutido os
impactos relacionados a coinfecgao entre agente viral (aMPV) e bacteriano (APEC)
podem exacerbar os quadros clinicos aumentando assim, as perdas produtivas em
varios niveis, no campo até o abatedouro.

O terceiro capitulo evidenciou a presenca de uma nova linhagem de IBV no
plantel avicola brasileiro, sugerindo sua circulagdo em 2021 nos estados do Rio
Grande do Sul e Parana. Mas estudos adicionais sdo necessarios para explorar as
propriedades e avaliar o impacto potencial dessa variante na saude das aves e para
investigar as propriedades e o impacto potencial dessa variante na saude das aves.

Além disso, considerando o grande numero de cepas derivadas de vacinas
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identificadas, surgem questdes sobre a capacidade das vacinas vivas se espalharem
e persistirem.

Em geral, conclui-se que foi possivel monitorar o cenario nacional frente ao
aMPV e IVB nas regides produtoras de frango no Brasil, sendo que os resultados
podem contribuir no desenvolvimento de estratégias mais eficazes de controle e

prevencao do IBV, aMPV, bem como das coinfec¢gdes com APEC na industria avicola.

8. PERSPECTIVAS DO ESTUDO

Abre-se a possibilidade de estudo relacionado a Viroma aviario, sendo que
esse método podera auxiliar na identificacdo de virus e nas proje¢cdes de programas
de vigilancia e prevencgao viral mais apropriadas mitigando os efeitos nas aves e

futuras zoonoses.
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