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Resumo

TEJADA, Talita Schneid. Perfis de DNA de Salmonella spp. isoladas de produtos
de frango e fezes de frango e humanas. 2013. 64f. Dissertacdo (Mestrado) —
Programa de PoOs-Graduacdo em Veterinaria. Universidade Federal de Pelotas,
Pelotas.

Salmonella € um dos principais agentes causadores de doengas transmitidas por
alimentos e os produtos a base de frango tem destaque importante neste contexto,
podendo servir de veiculo desse micro-organismo. O presente trabalho teve como
objetivo apresentar dados quanto a propagacdo de Salmonella na cadeia avicola,
verificar a ocorréncia de Salmonella € de suas diferentes sorotipos isoladas de fezes
de frango, produtos de frango e fezes humanas, bem como para verificar a
similaridade entre os perfis de DNA de Salmonella isolados no extremo sul do Brasil.
Foi realizada uma revisao bibliogréafica discorrendo sobre Salmonella na cadeia aviaria
e paralelamente foi desenvolvido um projeto, no qual foram analisadas 600 amostras
(200 de carne de frango, 200 de fezes de frango e 200 de fezes de humanos),
quanto a presenca de Samonella. Os perfis de DNA das cepas isoladas foram obtidos
em PFGE e REP-PCR. O micro-organismo foi isolado de 16 amostras, sendo 8
(8/200 — 4%) de produtos de frango, 4 (4/200 — 2%) de fezes de frango e 4 (4/200 —
2%) de fezes de humanos. Observou-se que, tanto em carne de frango como fezes
de frango, o sorotipo predominante foi Schwazengrund, seguido de Mbandaka. Em
humanos, predominou S. Panama. Foi constatado que de cepas com genotipos
indistinguiveis estavam presentes tanto em fezes de frango como produtos de
frango, sugerindo que a contaminacdo do frango no aviario permaneceu no produto
processado. Em humanos, as cepas isoladas foram indistinguiveis entre si sugerindo
que tenha ocorrido um surto, no entanto, os sorotipos isolados ndo foram os
mesmos dos isolados de frango, 0 que sugere outra fonte de contaminagéo.

Palavras-chave: Perfil molecular. Genotipagem. Salimonella Schwazengrund. Salmonella
Mbandaka. Saimonella Panama.



Abstract

TEJADA, Talita Schneid. DNA profiles of Salmonella spp. isolated from chicken
products and chicken and human stool. 2013. 64p. Master's Thesis. Veterinary
Graduate Program. Federal University of Pelotas, Pelotas.

Salmonella is one of the main causative agents of foodborne diseases, and chicken-
based products play a prominent role in this context, serving as vehicles to the
microorganism. The present study aimed to provide data on the Salmonella spread in
the poultry chain, check the occurrence of Salmonella and its different serotypes
isolated from chicken stool, chicken products and human stool, as well as to verify
the similarity between DNA profiles of Samonella isolated. Literature on the occurrence
of Salmonella in the poultry chain was reviewed; parallel to it, a project in which 600
samples (200 chicken meat, 200 chicken stool and 200 human stool samples) were
analyzed for salmonella presence was developed. DNA profiles of isolated strains
were obtained by PFGE and REP-PCR. The microorganism was isolated from 16
samples, 8 (8/200 — 4%) from chicken products, 4 of which (4/200 — 2%) from
chicken stool and 4 (4/200 — 2%) from human stool. Salmonella Sserotype
Schwarzengrund was found to prevail both in chicken meat and chicken stool,
followed by serotype Mbandaka, whereas serotype Panama prevailed in humans.
Strains with indistinguishable genotypes were found to be present both in chicken
stool and chicken products, suggesting that the chicken contamination on the farm
remained in the processed product. In humans, the isolated strains were
indistinguishable between one another, suggesting an outbreak occurrence;
however, the isolated serotypes in humans were not the same as those in chickens,
which is probably related to different contamination sources.

Keywords: Molecular profile. Genotyping. Salmonella Schwazengrund. Salmonella
Mbandaka. Salmonella Panama.
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1 INTRODUCAO GERAL

O Brasil € o terceiro maior produtor mundial de aves, segundo a Uniao
Brasileira de Avicultura - UBABEF, sendo superado apenas pelos Estados Unidos da
América e China, todavia, € o maior exportador de carne de frango. Dentre os paises
gue consomem carne de frango, o Brasil se encontra em quarto lugar, no entanto, se
compararmos o consumo de carne bovina e avicola, observamos um crescente
aumento no consumo de carne de frango, principalmente pela qualidade do produto
e precos mais acessiveis (UBABEF, 2012).

As toxi-infeccBes alimentares, causadas pelo consumo de alimentos ou agua
contaminados com micro-organismos patogénicos ou suas toxinas, Sdo uma
preocupacao tanto no meio cientifico como na indastria alimenticia (RAHMAN et al.,
2013). As salmoneloses em aves ocorrem no mundo inteiro e resultam em severas
perdas econdmicas na avicultura devido a alta mortalidade, baixa produtividade e
custos elevados no tratamento, erradicacdo e controle (BERCHIERI JUNIOR &
FREITAS NETO, 2009).

A contaminac¢do dos produtos avicolas, além dos prejuizos econémicos, tras
também graves consequéncias para a saude publica (SINGH, 2010). Produtos a
base de frango estdo entre os alimentos de origem animal de maior importancia na
transmissao de doencas transmitidas por alimentos, principalmente devido ao frango
ser um veiculador comum de salmonelose para humanos (D’AOUST, 2001). A
ocorréncia desta patologia € subestimada, principalmente em paises
subdesenvolvidos e em desenvolvimento, porém, nos Estados Unidos da América,
sdo reportados anualmente em torno de 42.000 casos (CDC, 2012). Conhecer a
epidemiologia da Salmonella ha cadeia avicola, definindo as fontes de infeccao,
transmissdo e disseminacao, € importante para estabelecer medidas de controle e

diminuir a ocorréncia da salmonelose.



2 OBJETIVOS

2.1 OBJETIVO GERAL

Apresentar dados quanto & propagacédo da Salmonella na cadeia avicola.

2.2 OBJETIVOS ESPECIFICOS

e Verificar a ocorréncia de Salmonella € seus diferentes sorotipos em fezes de
frango no extremo sul do Brasil;

e Verificar a ocorréncia de Salmonella € seus diferentes sorotipos em fezes de
humanos no extremo sul do Brasil;

e Verificar a ocorréncia de Salmonella e seus diferentes sorotipos em produtos de
frango no extremo sul do Brasil;

e Verificar a similaridade entre os perfis de DNA de Salmonella isoladas de fezes
de frango, produtos de frango e fezes de humanos no extremo sul do Brasil.



3 ARTIGOS
3.1 Artigo 1

Salmonella na cadeia avicola
Talita Schneid Tejada, Carolina Streicher Janelli da Silva,

Janaina Viana Da Rosa, Priscila Alves Dias, Claudio Dias Timm
Submetido a Revista Arquivos do Instituto Bioldgico
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Salmonella na cadeia avicola

Talita Schneid TEJADA; Carolina Streicher Janelli da SILVA; Janaina Viana da ROSA;

Priscila Alves DIAS; Claudio Dias TIMM

Universidade Federal de Pelotas, Faculdade de Veterinaria, Laboratorio de Inspegdo de
Produtos de Origem Animal, Rio Grande do Sul, Brasil.

talitastejada@gmail.com

RESUMO

Os surtos de infeccdo alimentar por Salmonella, na maioria das vezes, estdo relacionados ao
consumo de produtos carneos, em especial carne de frango e seus derivados. Na cadeia de
producdo e processamento de aves, desde a origem do frango até a mesa do consumidor,
existem varios pontos que podem ser fontes de contaminacdo por Salmonella. O objetivo
deste trabalho é apresentar dados quanto a propagacdo da Salmonella na cadeia avicola. A
complexa epidemiologia da Salmonella na cadeia de producdo de aves envolve transmissdo
vertical, desencadeando o nascimento de pintos infectados, e horizontal, que ocorre
geralmente por via oro-fecal, a partir da ingestdo de agua e alimentos contaminados. A
infeccdo pode ocorrer também a partir de aves de reposicdo, roedores, aves silvestres e outros
animais portadores. A carne e subprodutos podem sofrer contaminacao durante o transporte, o
abate, o processamento, ou mesmo durante o preparo do frango para consumo. Para garantir a
seguranca dos consumidores sdo necessarios cuidados especificos com as aves no ambiente
onde sdo criadas, além de medidas rigorosas quanto as condi¢fes higiénico-sanitarias durante

0 abate.
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Palavras-chave: Salmonella, frangos, produtos de frango, doencas transmitidas por

alimentos.

ABSTRACT

The outbreaks of food-borne disease caused by Salmonella in most cases are related to the
meat products, especially poultry and their products. There are several points that can be
sources of Salmonella contamination along the chicken production and processing, from the
origin of the chicken to the consumer’s table. The objective of this paper is to present data on
the spread of Salmonella in chicken meat production chain. The complex epidemiology of
Salmonella in chicken production involves vertical transmission, causing the birth of infected
chicks, and horizontal, which usually occurs by oral-fecal way, through the ingestion of
contaminated food and water. Infection can also occur from poultry replacement, rodents,
wild birds and other animals carrying. The meat and by-products can be contaminated during
transport, slaughter, processing, or even during the preparation of chicken for consumption.
To ensure consumer safety are needed special care with the chickens in the environment
where they are created, and rigorous measures regarding hygienic-sanitary conditions during

the slaughter.

Keywords: Salmonella, poultry, chicken, food-borne disease.

As toxi-infecgdes alimentares sempre foram uma preocupacdo na industria alimenticia.
As bactérias do género Salmonella sdo consideradas, juntamente com Campylobacter, as
maiores causadoras de doencas transmitidas por alimentos no mundo (CDC, 2011). A

estimativa feita pela FOOD AND DRUG ADMINISTRATION (2009) é de que ocorram de 2
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a 4 milhdes de casos de salmonelose anualmente nos Estados Unidos, dos quais
aproximadamente 40.000 confirmados como de origem alimentar (CDC, 2012).

Os surtos de infeccdo alimentar por Salmonella, na maioria das vezes, estdo
relacionados ao consumo de produtos carneos, em especial carne de frango e seus derivados
(ZONGO et al., 2010). A prevaléncia, no mundo, em carne de frango e derivados € bastante
variavel, havendo trabalhos que relatam valores de até 39% (RIBEIRO et al., 2007;
YILDIRIM et al., 2011). Salmonella é facilmente disseminada, sendo importante para o
controle da salmonelose identificar e eliminar os fatores que favorecem a multiplicacdo deste
micro-organismo. Na cadeia de producéo e processamento de aves, desde a origem do frango
até a mesa do consumidor, existem varios pontos que podem ser fontes de contaminacéo por
Salmonella. O objetivo deste trabalho foi apresentar dados quanto a propagacdo da
Salmonella na cadeia avicola.

A patogenicidade de Salmonella depende do sorotipo, da cepa, da susceptibilidade e
da idade das aves (DERACHE et al., 2009). Atualmente, sdo conhecidos mais de 2.500
sorotipos de Salmonella, porém, apenas alguns estdo associados a infecgdes em humanos e
animais (WHO, 2006). Os sorotipos Pullorum e Gallinarum sdo importantes na producéo
avicola, causando as doencas pulorose e febre tifoide, respectivamente, responsaveis por
grandes perdas econémicas decorrentes da diminui¢do da conversao alimentar, debilidade do
sistema imune e lesdes em visceras (SHAH et al., 2005). Os sorotipos Enteritidis e
Typhimurium séo de ocorréncia frequente nos Estados Unidos, sendo o sorotipo Enteritidis
um dos mais reportados no mundo como causa de toxi-infecgcbes alimentares em seres
humanos, através do consumo, principalmente, de produtos alimentares de origem avicola,
como carne, ovos e seus derivados (CDC, 2010; STERZO et al, 2008). Segundo
BERTHELOT-HERAULT et al. (2003), Salmonella Enteritidis é capaz de colonizar o

trato gastrointestinal de aves domésticas, geralmente produzindo um estado de portador
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crénico assintomatico, exceto em aves muito jovens. O individuo portador contribui para a
persisténcia do micro-organismo no ambiente e, consequentemente, para a disseminacéo da
enfermidade.

A complexa epidemiologia da Salmonella na cadeia de producdo de aves envolve a
transmissdo vertical, desencadeando o nascimento de pintos infectados (STERZO et al.,
2008), os quais poderdo ou ndo desenvolver a doenca. A transmissao vertical da Salmonella
em aves domésticas inicia pela contaminagdo do ovo diretamente na sua formacgéo no trato
reprodutivo ou por penetracdo através da casca ao passar pela cloaca contaminada com fezes
(HOWARD et al., 2012; MICHAILIDIS et al., 2011). SINGH et al. (2010), em trabalho
realizado na India, investigaram a ocorréncia de Salmonella em ovos comerciais e observaram
que 4,82% das amostras testadas estavam contaminadas com o micro-organismo. No Brasil,
MEDEIROS et al. (2011) observaram a presenca de Salmonella em 63% dos ovos comerciais
analisados. Ao infectar galinhas poedeiras com uma cepa de Salmonella Enteritidis, GAST &
BEARD (1990) observaram diminuicdo na producdo de ovos e alta ocorréncia de ovos
contaminados, porém a infeccdo intestinal persistente do micro-organismo foi observada em
um pequeno numero de galinhas por curto periodo de tempo. A transmissao horizontal ocorre
geralmente por via oro-fecal, a partir da ingestdo de agua e alimentos contaminados com fezes
(BONI et al., 2011). SURESH et al. (2011) e MARIN et al. (2011) observaram elevada
prevaléncia de Salmonella em amostras ambientais de aviario, como poeira, cama e fezes.

A infeccdo pode ocorrer também a partir de aves de reposicao, devido a introducédo de
pintos contaminados (PERDONCINI et al., 2011). Roedores, aves silvestres e outros animais
também favorecem a introducdo e permanéncia da bactéria em propriedades avicolas. ROSE
et al. (2000) relataram que o risco da ocorréncia de Salmonella, apds a descontaminacdo da
granja, aumenta se houver roedores e grande trafego de caminhdes na area. CHERNAKI-

LEFFER et al. (2002) observaram que insetos, como o cascudinho (Alphitobius diaperinus),
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podem servir como veiculo de Salmonella, considerando seu livre deslocamento na
natureza. A partir da analise conjunta de varios fatores suspeitos de levarem a persisténcia da
Salmonella em granjas avicolas, NAMATA et al. (2009) concluiram que os fatores mais
importantes estavam relacionados a interacdo de trabalhadores com outras aves ou pessoas
que tivessem contato com aves domésticas ou silvestres.

Durante o transporte, 0 abate e o processamento dos frangos, pode haver contaminacéao
da carne e subprodutos, devido a presenca de Salmonella nos intestinos, pele e penas dos
animais, ou mesmo de outras fontes, como utensilios e mdos dos manipuladores. Segundo
MENDES (2001), periodos prolongados de jejum podem afetar o pH do intestino favorecendo
0 crescimento populacional de Salmonella e de outros micro-organismos patogénicos,
aumentando o risco de rompimento das visceras e contaminacdo da carcaca no abatedouro.
BUNCIC & SOFOS (2012) argumentam que o principio fundamental para o controle da
contaminacdo durante o abate é baseada em processos sanitarios e de higiene, de forma que a
escolha das tecnologias e operagdes individuais dos processos sejam abordadas com o
objetivo principal de minimizar a carga microbiana no produto final. A escaldagem, extracdo
de cloaca, abertura do abdémen e evisceracdo exercem papel fundamental na distribuicao
microbiana na carcaca de frango durante o processamento. Na escaldagem, os frangos séo
submersos em um tanque com agua aquecida entre 50 e 60°C, temperatura suficiente para a
eliminacdo da maioria dos micro-organismos. No entanto, a eliminacdo pode ndo ser total,
quando a carga microbiana for muito alta (CANSIAN et al., 2005). CORTEZ et al. (2006)
isolaram Salmonella de amostras de fezes, penas, visceras, agua de escaldagem, de chiller e
de lavagem, sendo Enteritidis e Typhimurium os sorotipos mais encontrados.

O sistema de pre-resfriamento das carcacas, realizado em duas etapas com imerséo em
agua gelada, tem o objetivo de promover o resfriamento e reidratagdo. Nesta etapa, é esperada

uma reducdo da carga bacteriana devido a remocao de sujidades (CANSIAN et al., 2005). Por
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outro lado, pode ocorrer contaminagdo cruzada das carcacas, justificada, segundo LOPES et
al. (2007), pelo uso de velocidades excessivas nas linhas de abate, equipamentos
desregulados, desuniformidade no tamanho das aves, temperaturas inadequadas no pré-chiller
e chiller e cloracdo deficiente da agua.

Os equipamentos e utensilios, de uma forma geral, estéo relacionados a contaminacao
cruzada, agindo como veiculos de propagacdo do micro-organismo dentro da inddstria. Os
manipuladores podem servir de fonte de contaminacdo, principalmente em casos de higiene
precaria (VON RUCKERT et al., 2009). A ocorréncia de Salmonella foi relatada por
KUSUMANINGRUM et al. (2004) em 45% das méos dos operadores e em 35% das tabuas
de corte ap6s voluntarios terem cortado em pedacos carcacas de frango contaminadas
experimentalmente. Como prevencdo, a antissepsia de maos e a desinfeccao de utensilios sdo
fundamentais (MORETRO et al., 2012).

A Ultima etapa da cadeia em que é possivel a eliminacdo de Salmonella do alimento
contaminado € durante o preparo do frango para consumo. Nesse sentido, devem ser evitados
alimentos crus ou mal-passados, sendo suficiente o cozimento a 71°C para a inativacdo da
Salmonella (BUCHEREet al., 2008).

Apesar dos avancos tecnoldgicos, a Salmonella ainda esta presente ao longo da cadeia
aviaria. Para garantir a seguranca dos consumidores, sdo necessarios cuidados especificos
com as aves no ambiente onde sdo criadas, além de medidas rigorosas quanto as condicoes

higiénico-sanitarias durante o abate.
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ABSTRACT

Salmonella spp. genus have been isolated from different kinds of food and are accountable for
outbreaks of foodborne illnesses in humans. This study aimed to verify the similarities
between the DNA profiles of Salmonella isolated from chicken stool, chicken products and
human stool in southern Brazil. Six hundred samples were collected (200 chicken product,
200 broiler chicken stool and 200 human stool) and analyzed each sample for the presence of
Salmonella. The strains were tested biochemically and serologically. The characteristics
strains confirmed by the Polymerase Chain Reaction, after the DNA profiles were analyzed
by PFGE and REP-PCR. Salmonella was isolated from 16 out of 600 analyzed samples, 8 of
which (8/200 — 4%) from chicken products, 4 (4/200 — 2%) from chicken stool and 4 (4/200 —
2%) from human stool. We found the highest occurrence of serotype Schwarzengrund,

followed by Mbandaka and Panama. It was found that strains whose genotypes were
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indistinguishable by the molecular methods used in the study, suggesting that the source of

contamination may have had a same origin.

Keywords: Salmonella, chicken stool, human stool, chicken products.

1. Introduction

For years professionals in the food safety field have tried to prevent the growth of
deteriorating and pathogenic microorganisms in food. Bacteria of the Salmonella spp. genus
have been isolated from various kinds of food and are accountable for outbreaks of foodborne
diseases (FBD) in humans, being the most frequent cause of diarrhea in the United States,
where around 42,000 cases are reported annually (CDC, 2012). In Brazil, 8,663 cases of FBD
were reported to the Ministry of Health between 2000 and 2011, and Salmonella was the main
etiological agent identified (BRASIL, 2011).

Among products of animal origin, chicken-based ones are the most important in
Salmonella transmission to humans (Aslam et al., 2012). Salmonella prevalence in chicken
meat and chicken products varies, with studies reporting values of up to 39% in the world
(Ribeiro et al., 2007; Thakur et al., 2013). The source of contamination of chicken products
often originates in the chicken aviaries, where Salmonella occurrence is also high, (Le
Bouquin et al. (2010) report the prevalence of 8.6% in broiler chicken flocks.

Samonella is easily spread, so it is important to understand the epidemiology of the
microorganism to prevent toxinfections in humans by the consumption of contaminated food
(Tahergorabi et al., 2012). The identification of Salmonella clones in animals, food and
humans is important for the knowledge of the salmonellosis epidemiology dynamics in the

food chain, which is the indispensable basis to draw up effective plans for disease control.
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Pulse-Field Gel Electrophoresis (PFGE) has been an important tool in the investigation of
FBD outbreaks, having been used for the rapid detection of related cases and implicated food
(Favieret et al., 2013) through phenotyping, i.e. the estimation of the genetic distances
between strains of the same species. Also, the discrimination ability of this technique makes it
a relevant contamination source traceability tool within a food chain, enabling the isolation of
strains of the same species from different sites involved in food processing (Ribolet, 2006).

Another molecular method used in the genetic distance characterization of bacterial
species is the amplification of repetitive extragenic regions (Repetitive Extragenic
Palindromic Sequence-based Polymerase Chain Reaction — REP-PCR) dispersed in their
genomes, which provides distinct patterns of amplified bands. REP-PCR is a simple and fast
method which, despite showing good reproducibility, has moderate discriminatory power
(Tyler et al., 1997) as compared to PFGE. The latter molecular technique is currently thought
to be the “gold standard” for subtyping many pathogenic organisms (CDC, 2011).

This study aimed to verify the similarities between the DNA profiles of Salmonella

isolated from chicken stool, chicken products and human stool in southern Brazil.

2. Material and Methods

2.1 Sample

Six hundred samples were collected: 200 chicken product, 200 broiler chicken stool

and 200 human stool samples between August 2011 and July 2012.

The chicken product samples (40 drumstick/thigh, 40 wing, 40 dorsal, 40 ground meat
and 40 liver samples) were obtained chilled at retail sales from southern Brazil, kept in their

original wrappings, packed in cool boxes and immediately sent to the laboratory. Products of



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

31

16 different brands were collected, one of which (brand A) from a chicken slaughterhouse
headquartered in the studied area, from which 80 samples were collected, and the other 15

(bands B to P) from products marketed in this area, of which 120 samples were analyzed.

The chicken stool were collected with swabs at the time of slaughter from the contents
of the large intestine, which was sectioned longitudinally immediately after the cecal region
by using sterile surgical scissors. The chickens were proceeding from 40 different chicken
farms. Five random batch samples were collected from each aviary. The material was keeping

in tubes with 10 mL BPW to send to laboratory.

Human stool samples were obtained with the help of clinical analysis laboratories in
the area under study, which kindly provided the material for analysis. Swab sample were
collected from collection containers sent to the laboratories and keeping in tubes with 10 mL
BPW to send to laboratory. All patients whose stool were included in this study showed
abdominal discomfort and had been instructed by their personal physician to collect fecal

samples for analysis.

2.1 Isolation and identification

The chicken product samples, depending on each case, either 25 g or the whole sample
was placed in sterile plastic bags containing 100 mL Buffered Peptone Water (BPW,
Acumedia, Lansing, Michigan) and massaged for 5 minutes. The resulting suspension was
drained and used as a pre-enrichment step for Salmonella presence detection, in compliance
with US Food and Drug Administration (FDA) recommendations (Andrews & Hammack,
2007). And, the chicken and humans stool were then incubated in test tubes added with 10 mL
BPW for pre-enrichment as well as other Salmonella research procedures, as mentioned

earlier.



98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

32

Isolates which proved to be Salmonella compatible by biochemical and serological
tests were tested by the Polymerase Chain Reaction (PCR) as suggested by Malorny et al.
(2003) for identification confirmation. The primer used were
5S’GTGAAATTATCGCCACGTTCGGGCAA and 5’TCATCGCACCGTCAAAGGAACC
witch target to the gene invA. DNA was extracted as recommended by Sambrook & Russel
(2001) from a pure culture in Brain Heart Infusion Broth (BHI, Acumedia) at 37° C. 12,5 pL
Master Mix (Promega, Madison, Wisconsin, USA), 1 pL of each primer, 5 uL DNA and 5,5
uL deionized water to complete the reaction volume were used. Amplification was performed
in a TC-3000 Thermal Cycler (Techne, Staffordshire, UK) following these steps: initial
denaturation at 95° C for 1 minute, followed by 38 denaturation cycles at 95° C for 30
seconds, annealing of primers at 64° C for 30 seconds, extension at 72° C for 30 seconds, and
final extension at 72° C for 4 minutes. For the amplification analysis, the technique of gel
electrophoresis in 1% agarose (Panreac Quimica SA, Barcelona, Spain) was used.
GeneRuler™ 1 kb DNA ladder (Fermentas, Vinius, Lithuania) was used as marker. After
GelRed™ (Uniscience, Sdo Paulo, S&o Paulo, Brazil) strain, gels were scanned using L-PIX

EX (Loccus biotecnologia, Cotia, Sdo Paulo, Brazil).

After PCR confirmation, the strains were referred to the Department of Bacteriology
of the Enterobacteria Laboratory of the Oswaldo Cruz Foundation (FIOCRUZ, Manguinhos,

Rio de Janeiro) for serotype identification.

The 24h cultures in BHI broth at 37° C were added with 20% glycerol and frozen at -

70° C for stock maintenance. The strains were incubated in BHI at 37° C for recovery.

2.2 Molecular profiles
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Isolates were analyzed by PFGE, following the PulseNet PFGE Manual protocol
suggested by the Centers for Disease Control and Prevention (CDC, 2009). For DNA
fragment cleavage, Xbal restriction endonuclease (New England Biolabs™ Inc., Beverly,
MA, USA) was used. To determine phenotype, PFGE was performed by using gel in a CHEF-
DR® Il Pulsed Field Electrophoresis System apparatus (Bio-Rad Laboratories, Hercules, CA,
USA) added with 1% agarose Grau Pulsed Field Cromossomal (Bio Agency Laboratories, SP,
BR). The gel was subsequently stained with ethidium bromide (100ug/mL) and visualized

with UV light.

REP-PCR was performed in agreement with the methodology described by
Versalovicet et al. (1994). Aliquots of 25 L solutions containing 12,5 puL Master Mix, 8 pL
deionized water, 2 pL (GTG)5 5’GTGGTGGTGGTGGTG3’ primer and 2 pL previously
extracted DNA were submitted to PCR amplification, which was performed in a TC-3000
thermal cycler following the steps: initial denaturation at 94° C for 5 minutes, followed by 30
denaturation cycles at 95° C for 30 seconds, annealing of primers at 45° C for 60 seconds,
extension at 60° C for 5 minutes, and final extension at 60° C for 16 minutes. For
amplification analysis, the technique of electrophoresis in 2% agarose gel was used;
GeneRuler™ 1 kb DNA ladder was used as marker; for band visualization, GelRed under

ultraviolet light was used.

The PFGE and REP-PCR patterns were interpreted in accordance with criteria
suggested by Tenoveret et al. (1995) by using the classifications: indistinguishable (no
different bands), closely related (2 to 3 distinct bands), possibly related (4 to 6 distinct bands)

and different (over 7 distinct bands).

3. Results and Discussion
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Salmonella was isolated from 16 out of 600 analyzed samples, 8 of which (8/200 —
4%) from chicken products, 4 (4/200 — 2%) from chicken stool and 4 (4/200 — 2%) from

human stool.

Among the 40 chicken farms analyzed, the bacterium was isolated from 4 chicken
stool samples from 3 farms. Of the 8 contaminated chicken product samples, 3 (1,5%) were
liver, 3 (1,5%) drumstick/thigh, 1 (0,5%) wing and 1 (0,5%) dorsal samples. Three brands (A,
L and N) marketed products which contained Salmonella. Brand A had 5 (6% - 5/80)

contaminated samples, brand L, 2 (11% - 2/18) and brand N, 1 (33% - 1/3).

Ribeiro et al (2007), differently from the results of our study but also in southern
Brazil, collected 61 chicken products (wings, whole legs, boneless breasts, and backs) at a
processing plant and observed that 39,3% of the samples had been contaminated with
Salmonella. Conversely, other studies in northeastern Brazil (Duarte et al., 2009; Oliveira et
al., 2006) obtained similar results to those in this study. Duarte et al. (2009) analyzed 260
chicken carcasses bought from five different processing plants, and found that 9,6% of the
carcasses were positive for Salmonella. Oliveira et al. (2006), in a study in which 63 chicken
carcasses from two processing plants and two supermarkets were collected, observed an

11,8% carcass positivity for the microorganism.

All strains phenotypically characterized as Salmonella showed the invA gene, a highly
preserved DNA region of this genus which can confirm the identification at a molecular level,

as proposed by Malorny et al. (2003).

Four distinct serotypes were identified (Table 1). Two phenotypically distinct colonies
(FFO2 and FF03) were obtained from chicken stool samples (one of the colonies showed

typical biochemical characteristics, and the other completely acidified TSI agar), and were
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confirmed as Salmonella by serology and PCR. These isolates were identified as being from 2
distinct serotypes; it was also found that the same chicken harbored serotypes Scharzengrund

(FF02) and Mabandaka (FF03) simultaneously.

Serotypes Enteritidis and Typhimurium have been reported in other research studies
(Suresh et al., 2011; Thakur et al., 2013) as being the most commonly isolated in chicken;
this study, however, did not identify any isolates of these serotypes in chicken meat or stool,
having found the highest occurrence of serotype Schwarzengrund, followed by Mbandaka.
Other studies have also reported a higher prevalence of serotypes other than Enteritidis and
Thyphimurium, such as that of Aslam et al. (2012), in Canada, who analyzed ground beef
samples, and the study of Le Bouquin et al. (2010), in Frace, who included broiler chicken
samples; these authors found a higher prevalence of serotype Hadar, not observed in this

study.

In a study conducted by the Department of Bacteriology of the Oswaldo Cruz
Foundation, Hofer et al. (1997) reported that serotype Mbandaka belongs to a common, yet
infrequent, Salmonella group; serotype Schwarzengrund, on the other hand, is thought to
belong to a rare, or accidental, Salmonella group, according to occurrence levels in the 1962 —
1991 period. Nevertheless, as previously mentioned, the predominant serotype both in
chicken stool (3 isolates from 2 aviaries) and meat (6 isolates) in this study was
Schwarzengrund. Boni et al. (2011) reported that this serotype was also the most frequently
isolated in a study done at a slaughterhouse in Mato Grosso do Sul State, Brazil, between
August 2005 and December 2006; serotype Schwarzengrund, however, was not isolated in the
aviaries of this region, leading to the conclusion that contamination had occurred at the
slaughterhouse rather than on the chicken farm. Chen et al. (2010) reported a high prevalence

of this serotype in raw chicken meat (30,5%) in Taiwan.
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The 9 isolated Salmonella Schwarzengrund strains were submitted to genotyping by
PFGE with Xbal restriction enzyme, and no differences between band patterns were observed
(Figure 1A). However, differences between some strains were observed in the REP-PCR
technique (Figure 1B). The CF03, CF04, CF06, CF07 and CF08 strains isolated from chicken
meat are indistinguishable from one another; notwithstanding, they are closely related to the
FFO1 and FFO2 strains, which come from chicken stool and are indistinguishable from each
other and possibly related with CFO5 (chicken meat) and are different to FFO4 from chicken

stool.

CF03 and CF06 strains were isolated from a commercial brand (brand L), which
suggests that contamination occurred from the same source, whether the farm the chicken
came from or the slaughterhouse where brand L is processed. In the case of the strains
isolated from brand A products — CF04, CFO7 and CF08 — the results point to a common
contamination source. Moreover, the correlation between the strains isolated from brand A
products with FFO1 and FFO2 chicken stool isolate strains may be due to the fact that the
farms supply chickens to the brand slaughterhouse. This suggests that the contamination of

these foods originated on the chicken farms.

The lack of differentiation among most Schwarzengrund seroptype strains by PFGE
may have been due to the low cut-off frequency of Xbal restriction endonucleases, resulting in
5 — 6 bands, whereas REP-PCR was able to amplify 6 bands. The genomic DNA of this
serotype has approximately 52,9% G+C (NCBI, 2012) and the use of restriction
endonucleases which can recognize adenine and thymine-rich DNA sites, as is the case of the
enzyme used in this study, which recognizes the 5’TCTAGA site, may have originated a
smaller number of fragments than expected, not discriminating strains satisfactorily as
predicted. According to Acufia et al. (2002), there is no restriction endonuclease that might be

considered the most discriminating for the PFGE technique, once the number of profiles
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obtained for each enzyme varies in accordance with individual genetic characteristics of each
strain. Aarestrup et al. (2007), upon studying the detection of Salmonella Schwarzengrund
clones with PFGE in chicken food and human isolates, showed the transmission of the
microorganism from food to man, as opposed to this study, where isolates from chicken were

not found to be related to those from humans.

Salmonella Mbandaka was found in 2 chicken stool samples from two different origins
and 1 chicken product sample (wing). Other studies (Suresh et al., 2011; Hue et al., 2011) also
report a low occurrence of this serotype. Upon analyzing different cuts of broiler chickens,
these authors noticed that this serotype was one of the least common in southern India, yet it
was present in different chicken parts, in addition to having been found in a cage
environmental sample. In France, Hue et al. (2011) again registered the low occurrence of this
serotype, having identified only one isolate from 425 chicken carcasses from a
slaughterhouse. In this study, serotype Mbandaka corresponded to 17% (3/17) of the isolated

samples.

PFGE (Figure 2A) and REP (Figure 2B) results show that the CF02 and FFO3 strains
are indistinguishable from one another, suggesting that the source of contamination is the
same. The FFO5 strain, which is not related to CF02 and CFO3 strains, probably had a
different origin from the latter. Hoszowski & Wasyl (Poland, 2001) reported that biotyping,
susceptibility profile to antimicrobials and plasmid profiles were not enough to differentiate
the S. Mbandaka strains analyzed, and only genomic macrorestriction did prove to be an
efficient method in epidemiological studies for this serotype. However, this study observed
that the discriminatory power of REP-PCR was comparable to those presented by PFGE for
this serotype, with the advantage that the former technique is less expensive and faster than

PFGE.
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Salmonella enterica rugosa was isolated from 1 chicken meat sample. Alcocer et al.
(2006), upon evaluating 25 Salmonella strains obtained from chicken carcasses from 4
slaughterhouses in Parana State, Brazil, found only one rugosa strain. Other authors have
reported the isolation of rugosa strains in chicken stool in Brazil (Salles et al., 2008; Andreatti
Filho et al., 2009). Nevertheless, rugosa strains were isolated from chicken meat rather than
chicken stool in this study. Though not proved, the possibility of this meat having been

previously contaminated by chicken stool cannot be ruled out.

Children up to 5 years of age are more affected by salmonellosis than older individuals
(CDC, 2012). However, in a study reporting an outbreak in Sao Paulo, Brazil, Matsuoka et al.
(2004) observed that the average age of the affected people was 36,5 years. In the present
study the age of patients with Salmonella which was isolated from stool samples varied from

9 months to 40 years, without sex predominance.

In human stool samples, 3 Panama and 1 Typhimurium serotype strains were isolated.
These serotypes have been known to cause gastroenteritis in humans, both in Brazil
(Fernandes et al., 2006) and in other countries (Soto et al., 2001; Tsai et al., 2007). However,
data provided by the Center of Disease Control and Prevention (CDC, 2012) connecting 12
Salmonella outbreaks of animal origin in humans in 2012 did not include serotypes Panama
and Typhimurium. In this study, serotype Panama strain showed band profiles
indistinguishable (Figure 3) from one another, which is suggestive of an outbreak occurrence,
insofar as the three samples from patients in the same location were collected on the same

day.

4. Conclusions
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Salmonella is present in broiler chickens in southern Brazil, as well as in chicken
products available for consumption, which is a consumer health risk. S. Schwarzengrund was
the predominant serotype in this study, followed by Mbandaka, both in aviaries and chicken
products, and whereas in humans the most frequently isolated serotype was Panama. It was
found that strains whose genotypes indistinguishable by the molecular methods used in the
study occurred in chicken stool and chicken products, suggesting that the chicken
contamination on the farm remained in the processed product. These data warn of need for
greater hygienic and sanitary care by processing plants regarding the control of undesirable
microorganisms and greater care in the aviary biosecurity in order to minimize the risk of

contamination of the final product.

Strains that were isolated in humans were of different serotypes from those found in
chicken products, and this suggests that the source of contamination may have had a different
origin. The fact that the human strains indistinguishable by the techniques used suggests the
occurrence of an outbreak. Likewise, other salmonellosis cases and outbreaks can occur
without being reported to authorities, which eventually contributes to an underestimation of

the disease records in humans in Brazil.
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Table 1 — Salmonella serotype isolated from analyzed samples.

Serotype Chicken meat Chicken stool Human stool
Rugosa CFO1 - -
Mbandaka CF02 FF03*; FF0O5 -
Schwarzengrund CF03; CF04; CF05;  FFO01; FF02*;FF04 -

CF06; CF07; CF08
Typhimurium - - FHO1
Panama - - FHO02; FHO3; FHO04

* Strains isolated from the same chicken.
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CF03 CF04 CF05 CF06 CFO7 CF08 FFO1 FF02 FFO4 M1 M2 CF03 CF05 CF06 CF04 CFO7 CF08 FFO1 FFO2 FFO4

Figure 1: Photographs of PFGE (A) and REP-PCR (B) electrophoresis gels with nine isolate
band profiles isolated of Salmonella Schwarzengrund. CFO3: isolate from brand A chicken
drumstick; CF04: isolate from brand B chicken drumstick; CFO05: isolate from brand C liver;
CFO06: isolate from brand A liver; CF07: isolate from brand B liver; CF08: isolate from brand
B back; FFO1: isolate from G02 farm chicken stool; FF02 and FFO4: isolate from farm G15
chicken stool; M1: DNA Size Standards — Lamba Ladder; M2: GeneRuler™ 1 kb DNA

ladder.

M1 CF02 FFO3 FFO5 M1 CF02 FF03 FF05
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462  Figure 2: Photographs of PFGE (A) and REC-PCR (B) electrophoresis gels with three isolate
463  band profiles isolated of Salmonella Mbandaka. M1: DNA Size Standards — Lamba Ladder;
464  M2: GeneRuler™ 1 kb DNA ladder; CF02: isolate from brand B chicken wing; FF03 and
465  FFO05: isolate from chicken stool.

466

M1 FHO2 FHO3 FHO4 M1 FHO2 FHO3 FHO4

467

468  Figure 3: Photographs of PFGE (A) and REC-PCR (B) electrophoresis gels with three isolate
469  band profiles isolated of Salmonella Panama. M1: DNA Size Standards — Lamba Ladder; M2:

470  GeneRuler™ 1 kb DNA ladder; FH02, FHO3 e FHO4: isolate from human stool.



4 CONCLUSAO GERAL

Este estudo demonstra que apesar dos avancgos tecnologicos, a Salmonella
ainda esta presente ao longo da cadeia aviaria oferecendo risco a saude do

consumidor.

Dentre os sorotipos isolados de carne e fezes de frango, S. Schwazengrund
€ o0 sorotipo predominante, seguido de Mbandaka. Em humanos, o sorotipo

predominante € Panama.

A deteccado de cepas com genotipos indistinguiveis, presentes tanto em
fezes de frango como em produtos de frango, sugere que a contaminacdo dos
frangos no aviario permaneceu no produto processado. Além dos cuidados com as
aves no ambiente onde sdo criadas, também sdo necesséarias medidas rigorosas
quanto as condicdes higiénico-sanitarias durante o abate para garantir a seguranca

dos consumidores.

As cepas isoladas de humanos foram indistinguiveis pelas técnicas
moleculares, o0 que € sugestivo de que tenha ocorrido um surto. No entanto, por
serem distintas das encontradas em produtos de frango, possivelmente a fonte de
contaminacgdo tenha sido de outra origem. Estes resultados sdo indicativos da falta
de identificacdo e notificacdo de casos e surtos de salmonelose, 0os quais podem

passar desapercebidos e a doenca ser subestimada.
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Freparacao dos ariginais

O original deve ser submetido apenas na forma eletrénica
atraveés do e-mail arguivos@biologico.sp.gov.br.

O arguivo ndo devera exceder 2 Mb.

Mo e-mail de encaminhamento devera constar nome por
extenso, endereco completo (Instituicdo/Universidade,
Centrof/Faculdade, Laboratario/Departamento, endereco pastal),
enderecao eletrdonico & CPF de todos os autores.

Apresentagdo: os trabalhos deverdo ser digitados em Word 57
ou wvers3o superior, pagina 44, com margens de 2,5 cm, fonte
Times New Roman, tamanho 12, espaco duplo & paginas
numeradas em seqléncia.

Az linhas deverdo ser numeradas de forma continua, utilizando a
ferramenta Layout em Configurar Fagina.

O maximo de paginas serd 25 para artigos de revisdo, 20 para
artigos cientificos e 10 para comunicacao cientifica, incluindo
tabelas e figuras.

54



55

Artigo cientifico: compreendera os seguintes itens: titulo, nome
do(=s) autor(es), endereco do primeiro autor e local de origem
dos demais autores, resumo em portugués, palavras-chave,
titulo em inglés, abstract, key words, introducdo, material e
métodos, resultados, discussdo, conclusdes, agradecimentos &
referéncias.

Comunicagao cientifica: compreendera o= seguintes itens: titulo,
nome dofs) autor(es), endereco do primeiro autor e local de
arigem dos demais autores, resumo em portugués, palavras-
chawve, titulo em inglés, abstract, key words, texto sem
subdivizdes e referéncias.

Artigo de revisdo: compreendera os seguintes itens: titulo, nome
do(=s) autor(es), endereco do primeiro autor e local de origem
dos demais autores, resumo em portugués, palavras-chave,
titulo em inglés, abstract, key words, texto sem subdivisdes e
referéncias.

Aprovacdo do trabalho pela Comiss3o de Etica e Biosseguranca:
gquando o trabalho envolver estudos em animais de
experimentagdc e/ou organismos geneticamente modificados,
incluir o nidmero do processa no trabalho e encaminhar uma
copia da aprovacdo fornecida pelo respectiva Comité
responzavel da Instituicdo de arigem do primeiro autor.

Idioma: o trabalho podera ser redigido em portugués, inglés ou
ezpanhol. Quando escritc em portugués, o resumo devera ter
uma verzdo em ingléz. Mo cazo de artigo escrito em inglés ou
ezpanhol devera ter um resumo em inglés ou espanhol e cutro
em portugués,

Titula: embora breve, devera indicar com precizdo o assunto
tratado no artigo, focalizando bem a =ua finalidade principal.

Enderecals) dols) autar{es): abaixo dal(s) name(s) dols)
autor(es), com chamada numeérica. Descrever endereco postal
(In=tituicdo/Universidade, Centro/Faculdade,

Laboratario/Departamento, estado, pais) e eletrénico do autor
principal. Mo rodapeé da primeira lauda descrever somente a
In=stituicdo & Departamento dos demais autores.

Rezumo: devera apresentar concisamente o objetivo do
trabalho, material @ métodos e conclusdes, em um dnico
paragrafo. Ndo ultrapas=sar 250 palavras.
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Falavraz-chave: abaixo do resumo e =eparado par um espaco,
citar no maximo cinco palavras-chave, separadas por virgula.
Evitar termos que aparecam no titulo.

Abstract: aprezentar uma traducdo para o inglés, do titulo do
trabalho e do resumo. & seguir, relacionar também em inglés
(ou espanhol) as mesmas palavras-chave (key words, palabras-
clave) ja citadas. Ndo ultrapassar 250 palavras.

Introdugdo: descrever a natureza e o objetive do trabalhe, sua
relagao com outras pesquisas no contexto do conhecimento
existente e a justificativa da pesguisa feita.

Material & Métodos: apresentar descricdo breve, porém
csuficiente para permitir uma repeticdo do trabalho. Técnicas e
proceszzos ja publicados, exceto quando modificados, deverdo
=er apenas citados. Nomes cientificos de espécies, bem como
drogas, deverdo ser citados de acordo com regras e padries
internacionais.

Reszultados: apresenta-los acompanhado de tabelas efou figuras,
gquando neceszzario. As tabelaz e figuras devem =zer inzeridas
apos as referéncias.

Discussdo: discutir os resultados obtidos comparando-os com os
de outros trabalhos publicados (resultados e discussdo poderdo
fazer parte de um dnico item).

Tabelas e Figuras: incluir titulo claro e conciso que possibilite o
ceu entendimento sem consultas ao texto. As tabelas ndo
deverdo coanter linhas verticais. Mo texto, use a palavra
abreviada (ex.: Fig. 3). &= figuras devem estar no formato jpg
(fotos) ou gif (graficos e esquemas) e com tamanho inferior a
500 kb. As figuras originais ou com maior resolugdo poderdo ser
colicitadas apas o aceite. Devem ser enviadas em arguivos
individuais & nomeadas de acardo com o ndmero da figura.
Exemplos: Figl.gif, Fig2.jpg.

Conclustes: serdo citadas em ordem de impaortdncia. Poderdo
constituir um item & parte ou serem incluidas na discussdo.

Agradecimentos: poderdo ser incluidos a pessoas ou instituigdes.
Referéncias e citagies no texto: citagdes no texto e referéncias
estdo diretamente vinculadas. Todos os autores citados devem
figurar nas referéncias, excecdo para informacgoes obtidas por
canais informais que deverdo ser citadas apenas no texto:
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(JUNQUEIRA, comunicagao pessoal), (JUNQUEIRA, informacgao
verbal). A referéncia no texto deve seguir o sistema sobrenome
do autor & ano de publicagdo e devera estar em caixa alta
reduzida ou versalete, tal como: 1 autor - ALLAN (1979) ou
(ALLAN, 1979); 2 autores - LOPES; MACEDO (1982) ou (LOPES;
MACEDO, 1982); mais de 2 autores - BESSE et al. (1990) ou
(BESSE et al., 1990); coincidéncias de autoria e ano de
publicacdo - (CURI, 1998a), (CURI, 1998b) ou (CURI, 19984,
1998b). A= referéncias deverdo ser baseadas na Norma NER
6023/2002, da As=ociagdo Brasileira de Normas Técnicas
(ABMT), e estar em ordem alfabética de primeiro autor. &
exatiddo dos dados nas referéncias € da rezponsabilidade dos
autores.



ANEXO 3

Normas para submisséo do Artigo 2

Browse journals = Veterinary Microbiology = Guide for authors

Guide for Authors

Types of contribution

1. Original research papers(Regular Papers)
2 Review articles

3. 2hort Communications

4 Letters to the Editor

5. Book Reviews

Qriginal researchpapers should report the results of ariginal research. The materialshould not have been
previously published elsewhere, except in apreliminary form.

Review articles should cover subjects falling within the scope of the journal. Of particular interest are topical, short
(Mini} Reviews in areas of current interest.

Reviews of topics inveterinary bacteriology, mycology and virology should provide shor, readable, well- referenced,
up-to-date overviews of current, emerging, or neglected subjects in the discipline. Syntheses of information fram
diverse sources, providing clarification of areas of confusion or uncertainty, are especially desirable. ltis
anticipated that these reviews will provide overviews of important topics to the benefit of curicus-but-busy readers
of Veterinary Microbiology.

Reviews should carry titles which are creative and provocative, but nonetheless descriptive, and emphasize current
status and future directions of research. Historical vignettes are useful in setting the stage for addressing
important contemporary questions, but should not ordinarily be the basis for an article. Manuscripts may include
controversial views if presented in balanced fashion and supported by evidence; informed speculation is
welcome. Forreasons of credibility, it is preferred that reviews be written by authors from more than one research

center.

Authors may find it useful to contact the Reviews Editor J. Glenn Songer (jgsonger@iastate.edu), perhaps with an
outline of a proposed review, before submitting. Articles should be about fiteen pages of double-spaced type,
supported by illustrative material. Figures are welcomed and articles should not have more than 50 references.
Manuscripts should be submitted through the EES electronic submission system, taking care to clearly indicate
thatitis a review aricle.

Manuscripts will, where possible, be fast-tracked for publication, but will go through the normal review procedure.
Final decisions on bacteriology and mycolagy topics will be handled by Glenn Songer and far virology by Uwe
Truyen.

A Short Communication is a concise but complete description of a limitedinvestigation, which will not be included
in a later paper. ShotCommunications should be as completely documented, both by reference tothe literature
and description of the experimental procedures employed,as a regular paper. They should not cccupy more than 8
printed pages(about 12 manuscript pages, including figures, tables andreferences).

Letters to the Editor offering comment or usefulcritique on material published in the journal are welcomed. The
decisionto publish submitted letters rests purely with the Editor-in-Chief. tis hoped that the publication of such
letters will permit an exchangeof views which will be of benefitto both the journal and itsreaders.

Eook Reviews will be included in the journal on arange of relevant books which are not more than 2 years old.



Submission of manuscripts

Submission to Veterinary Microbiclogy now proceeds anline via Elsevier Editorial System -

hitp:fees elsevier.comivetmic. Authors will be guided step-by-step through uploading files directly from their
computers. Authors should select a set of classifications for their papers from a given list, as well as a category
designation (Original Research Paper, Short Communication, and 50 on). Electronic PDF proofs will be
automatically generated from uploaded files, and used for subsequent reviewing.

Authars are invited to suggest the names of up to 5 referees {with email addresses) whom they feel are qualified to
evaluate their submission. Submission of such names does not, however, imply that they will definitely be used as
refereas.

Authors should send gueries concerning the submission process or journal procedures to;
AuthorSupporti@elsevier.com. Authors can check the status of their manuscript within the review procedure using
Elsevier Editarial 3ystem.

Authors submitting hard copy papers will be asked to resubmit using Elsevier Editorial System.

Submission of an article is understood to imply that the article is original and is not being considered for
publication elsewhere. Submission also implies that all authors have approved the paper forrelease and are in
agreement with its content. Upon acceptance of the article by the journal, the author(s) will be asked to transferthe
copyright of the article to the Publisher. This transfer will ensure the widest possible dissemination of information.

All authors should have made substantial contributions to all of the following: (1) the conception and design of the
study, or acquisition of data, or analysis and interpretation of data, (2) drafting the article or revising it critically far
important intellectual content, (3) final approval of the version to be submitted.

Acknowledgements

All contributars who do not meet the criteria for authorship as defined above should be listed in an
acknowledgements section. Examples ofthose who might be acknowledged include a person who provided
purely technical help, writing assistance, or a department chair who provided only general support. Authors should
disrlnse whether thev had anv writinn assistance and identifv the entitv that naid for this assistance

Conflict of interest

Atthe end of the text, under a subheading "Conflict of interest statement™ all authors must disclose any financial
and persanal relationships with other people or arganisations that could inappropriately influence (bias) their work.
Examples of potential conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding.

Role of the funding source

All sources of funding should be declared as an acknowledgement atthe end of the text. Authors should declare
the role of study sponsars, if any, in the study design, in the collection, analysis and interpretation of data; in the
writing of the manuscript; and in the decision to submit the manuscript for publication. If the study sponsors had no
such invalvement, the authors should so state.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author, orto
rearrange the author names, must be sentto the Journal Manager from the corresponding author of the accepted
manuscript and must include: {a) the reason the name should be added or removed, or the author names
rearranged and (b} written confirmation (e-mail, fax, letter) from all authors that they agree with the addition,
removal or rearrangement. Inthe case of addition ar removal of authors, this includes confirmation from the author
being added or removed. Requests that are not sent by the corresponding author will be forwarded by the Journal
Manager to the corresponding authaor, who must follow the procedure as described above. Mote that: (1) Journal
Managers will inform the Journal Editors of any such requests and (2) publication of the accepted manuscriptin an
online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue. Any requests to add, delete, or rearrange author
names in an article published in an online issue will follow the same policies as noted above and resultin a
corrigendum.
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Ethics

Circumstances relating to animal experimentation must meet the International Guiding Principles for Biomedical
Research Invalving Animals as issued by the Council for the International Organizations of Medical Sciences. They
are obtainable from: Executive Secretary C.1.OM.3., c/o WHO, Via Appia, CH-1211 Geneva 27, 3witzerland, or atthe
following URL: hitp:ffwww.cioms.chipublications/guidelines/1985_texts_of guidelines.htm. Unnecessary cruelty in
animal experimentatian is not acceptable to the Editors of Veterinary Microbiology.

Any new nucleotide or amino acid sequence data will be deposited in publicly accessible databases, such as
GenBank, and the accession numbers will be included in the manuscript (Methods section) befare it is finally
accepted for publication. In addition, it is expected that any plasmids, tfransposaons, viruses, microbial strains, or
cell lines described for the first time in the paper will be made available to scientists for non-commercial purposes
at reasonable costfollowing publication.

Preparation of manuscripts
1. Manuscripts shouldie written in English. Authors whose native language is not English arestrongly advised to
have their manuscripts checked by anEnglish-speaking colleague prior to submission.

Language Editing: Elseviers Authors Home provides details of some companies whao can provide English
language and copyediting services to authors who need assistance before they submit their article or before itis
accepted for publication. Authors should contactthese senvices directly. For more information about language
editing services, please email authorsupport@elsevier.com.

Please note that Elsevier neither endorses nor takes responsibility for any products, goods or services offered by
outside vendors through our services or in any adverising. For more information please referto ourterms &
conditions hitp:fwww elsevier.comftermsandconditions.

2. Manuscripts should have (numbered lines)with wide margins and double spacingthroughout, i.e. also for
abstracts, footnotes and references. Every page of the manuscript, including the title page, references, tables,
etc. should be numbered. However, in the text no reference should made to page numbers; if necessary, one may
referto sections. Avoid excessive usage of italics to emphasize part of the text.

2. Manuscripts in general should be organized in the following order:

Title (should be clear, descriptive and nottoo long)

Mame(s) of author{s)

Complete postal address(es) of affiliations

Full telephone, Fax Mo. and E-mail of the corresponding author

Present address(es) of author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should be sent

Abstract

Keywards (indexing terms), normally 3 — 6 items. Please refer to the cumulative index.

Intreduction

Material studied, area descriptions, methods techniques

Results

Dizcussion

Conclusion

Acknowledgements and any additional information concerning research grants, etc.

References

Tables

Figure captions

Tables (separate file(s))

Figures (separate file(s))

4. Titles and subtities should not be run within the text. They should be typed on a separate line, without
indentation. Use lower-case letter type.

5.3l units should be used.

G. Elsevier reserves the privilege of returning to the author for revision accepted manuscripts and illustrations
which are not in the proper form given in this guide.

Abstracts

Manuscripts of original research papers should include a structured Abstract of 250 or fewer words, arganised
under the sections: Problem addressed; Objective; Methods and approach; Results; Conclusions. Do not actually
include section headings, but use this structure for the Abstract.

Tables

1. Authars should take notice of the limitations set by the size and lay-out of the journal. Large tables should be
avoided. Reversing columns and rows will often reduce the dimensions of a table.

2 Ifmany data are to be presented, an attempt should be made to divide them over two or more tables.

3. Tables should be numbered according to their sequence in the text. The text should include references to all
tables.
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4. Each table should cccupy a separate page ofthe manuscript. Tables should never be included in the text.

5. Each table should have a brief and self-explanataory title.

6. Column headings should be brief, but sufficiently explanatory. Standard abbreviations of units of measurement
should be added between parentheses.

7. Werical lines should not be used to separate columns. Leave some extra space between the columns instead.
8. Any explanation essential to the understanding of the table should be given as a footnote atthe bottom ofthe
table.

lNMustrations

1. Allillustrations (line drawings and photographs) should be submitted as separate files, preferably in TIFF ar
EPS format.

2. Mustrations should be numbered according to their sequence in the text. References should be made in the text
to each illustration.

3. Mustrations should be designed with the format of the page ofthe journal in mind. lllustrations should be of
such a size as to allow a reduction of 50%.

4. Lettering should be big enough to allow a reduction of 50% without becoming illegible, any lettering should he in
English. Use the same kind of lettering throughout and fallow the style of the journal.

5.Ifa scale should given, use bar scales on all illustrations instead of numerical scales that must be changed with
reduction.

fi. Each illustration should have a caption. The captions to all illustrations should be typed on a separate sheet of
the manuscript.

7. Explanations should be given in the figure legendis). Drawn text in the illustrations should keptto a minimum.
8. Photographs are anly acceptable ifthey have good contrast and intensity.

9. If you submit usable colour figures, Elsevier would ensure that these figures appeared free-of-charge in colour
in the electronic versian of your accepted paper, regardless of whether ar not these illustrations are reproduced in
colourin the printed version. Colour illustrations can anly be included in print if the additional cost of reproduction
is contributed by the author: you would receive information regarding the costs from Elsevier after receipt of your
accepted article.Please note that because oftechnical complications which may arise by converting colour figures
to ‘grey scale’ (for the printed version, should you not apt for colourin print), you should submit in addition usable
black and white figures carresponding to all colour illustrations.

10. Advice on the preparation of illustrations can be found at the following URL:
hitp:ifwww.elsevier.comiartworkinstructions

Preparation of supplementary data

Elsevier now accepts electranic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, movies, animation
sequences, high-resolution images, background datasets, sound clips and more. Supplementary files supplied
will be published online alongside the electranic version of your article in Elsevier web products, including
ScienceDirect: hitpfwww sciencedirect.com. In order ta ensure that your submitted material is directly usable,
please ensure that data is provided in ane of our recommended file formats. Authors should submit the material
together with the article and supply a concise and descriptive caption for each file. For mare detailed instructions
please visit hitp:fwww elsevier. comfartworkinstructions

References

1. All publications cited in the text should be presented in a list of references following the text of the manuscript.
The manuscript should be carefully checked ensure thatthe spelling of author's names and dates are exactly the
same in the text as in the reference list. For original research papers, the list should not exceed 35 references (it
may be longer for review articles).

Z.In the text referto the author's name (without initial) and year of publication, followed— if necessary — by a shart
reference to appropriate pages. Examples: "Since Peterson (1988) has shown that...” "This is inagreement with
results abtained later (Kramer, 1989, pp.12-16)".

3. Ifreference is made in the text to a publication written by more than two authaors the name of the first author
should be used followed by "et al.”. This indication, however, should never be used in the list of references. In this
list names of first author and co-authors should be mentioned.

4. References cited together in the text should be arranged chronologically. The list of references should be
arranged alphabetically on authors” names, and chronologically per author. If an author's name inthe listis also
menticned with co-authors the following order should be used: publications ofthe single author, arranged
according to publication dates —publications ofthe same author with one co-author — publications of the author
with more than one co-author. Publications by the same author(s) in the same year should he listed as 19743,
19740, etc.

5. Use the following system for arranging your references:



a. For periodicals

Chin, J.C., Dai, Y., Watts, J.E., 1995, Antibody response against Psewdomonas aeruginesa membrane proteins in
experimentally infected sheep. Vet. Microbiol. 43, 21-32.

b. For edited symposia, special issues, efc. published in a periodical

Caffrey, J.P., 1994, Status of bovine tuberculosis eradication programmes in Europe. In: Wood, P.R., Monaghan,
M.L., Rothel, J.53. (Eds.), Bovine Tuberculosis. Vet. Microbiol. 40, 1-4.

C. For books

Armitage, P., Berry, G., 1987, Statistical Methods in Medical Research. Blackwell Scientific Publications, Quford, pp.

94100, 411-416.
d. For multi-author books

Butler, J.E., 1981. A concept of humaral immunity amaong ruminants and an approach to its investigation. In: Butler,

J.E., Mielson, K., Duncan, J.R. (Eds.), The Ruminant Immune System, Plenum Press, Mew York, pp. 3-55.

a. For periodicals

Chin, J.C., Dai, Y., Watts, J.E., 1995 Antibody response against Peeudomonas aeruginosa membrane proteins in
experimentally infected sheep. Vet. Microbiol. 43, 21-32.

b. For edited symposia, special issues, efc. published in a periodical

Caffrey, J.P., 1994, Status of bovine tuberculosis eradication programmes in Europe. In: Wood, P.R., Monaghan,
M.L., Rothel, J.3. (Eds.), Bovine Tuberculosis. Vet Microbiol. 40, 1-4.

. For books

Armitage, P., Berry, G., 1987, Statistical Methods in Medical Research. Blackwell Scientific Publications, Ouxford, pp.

94—100, 411-416.
d. For multi-author books

Butler, J.E., 1981. A concept of humaoral immunity among ruminants and an approach to its investigation. In: Butler,

J.E., Miglson, K., Duncan, J.R. (Eds.), The Ruminant Immune System, Plenum Press, New Yaork, pp. 3-55.

G. Abbreviate the titles of periodicals mentioned in the list of references; according to the International List of
Feriodical Title Word Abbreviations. The correct abbreviation for this journal is Vet Micrabiol.

7.Inthe case of publications in any language other than English, the ariginal title is to be retained. However, the
titles of publications in non-Latin alphabets should be fransliterated, and a notation such as “(in Russian)™ ar "(in
Greek, with English abstract)” should he added.

8. Work accepted forpublication but not yet published should be referred to as "in press”™

9. References concerning unpublished data and "personal communications™ should not be cited in the reference
list but may be mentioned in the text.

10 Web references may be given. 45 a minimum, the full URL is necessary. Any further information, such as
Author names, dates, reference to a source publication and sa on, should also be given.

11. Articles available online but without volume and page numbers may be referred to by means of their Digital
Ohbject identifier (DOl code.

Formulae

1. Give the meaning of all symbols immediately after the equation in which they are first used.

2. Forsimple fractions use the solidus () instead of a harizontal line.

3. Equations should be numbered serially at the right-hand side in parentheses. In general only equations
explicitly referred to in the text need be numbered.

4. The use of fractional powers instead of root signs is recommended. Powers of e are often mare conveniently
denoted by exp.

5. In chemical formulae, valence of ions should be given as, e.q. Ca®* notas Ca™.

6. Isotope numbers should precede the symbals, e.g. T8,

7. The repeated writing of chemical formulae in the text is to be avoided where reasonably possible; instead, the
name ofthe compound should be given in full. Exceptions may be made inthe case of avery long name ococurring
very frequently orin the case of a compound being described as the end product of a gravimetric determination
(e.g. phosphate as P;0s).

Footnotes

1. Footnotes should only be used if absolutely essential. In most cases it should be possible to incorporate the
infarmation in normal text.

2. Ifused, they should be numbered in the text, indicated by superscript numbers, and kept as short as possible.

Homenclature

1. Authors and editors are, by general agreement, obliged to accept the rules governing biological nomenclature,
as laid down in the /nternational Code of Botanical Nomenciature, the Intermational Code of Momenciature of
Bacteria, and the fntermational Code of Zoological Momenclature. Virologists should consult the latest Report of the
International Committee an Taxonomy of Viruses for proper nomenclature and spelling.

2 All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific names when the
English term is first used, with the exception of common domestic animals.
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3. All biocides and other arganic compounds must be identified by their Geneva names when first used in the text.
Active ingredients of all formulations should be likewise identified.

4. For chemical nomenclature, the conventions of the intermational Union of Pure and Applied Chemistry and the
official recommendations of the IURPAC-IUE Combined Commission on Biochemical Nomenclature should be
followed.

Copyright

If excerpts from other copyrighted warks are included, the Authoris) must obtain written permission from the
copyright owners and credit the source(s)in the article. Elsevier has preprinted forms for use by Authaors inthese
cases: contact Elseviers Rights Department, Owford, UK: phone (+1) 215 239 3804 or +44(0)1865 843830, fax
+44(0)1865 853333, e-mail healthpermissions@elsevier.com. Reguests may also be completed online via the
Elsevier homepage hitpaifwww.elsevier.comipermissions.

Material in unpublished letters and manuscripts is also protected and must not be published unless permission
has been obtained.

Authors Rights

As an author you (or your employer or institution) may do the following:

» make copies (print or electronic) of the article for your own persaonal use, including for your own classroom
teaching use

* make copies and distribute such copies (including through e-mail) of the aricle to research colleagues, forthe
personal use by such colleagues (but not commercially or systematically, e.g., via an e-mail list ar list server)
»post a pre-printversion of the article on Internet websites including electronic pre-print servers, and to retain
indefinitely such version on such servers or sites

»post a revised personal version of the final text of the aricle (to reflect changes made in the peer review and
editing process) on your personal orinstitutional website ar server, with a link to the journal homepage (on
elsevier.com)

»presentthe aricle at a meeting or conference and to distribute copies ofthe aricle to the delegates attending
such a meeting

« for your employer, ifthe article is a ‘waork for hire’, made within the scope of your employment, your employer may
use all or part of the information in the article for other intra-company use (e.q., training)

 retain patent and trademark rights and rights to any processes or procedure described in the aricle

v include the article in full orin partin a thesis or dissertation (provided that this is notto be published
commercially)

*use the aricle or any part thereof in a printed compilation of your warks, such as collected writings or lecture
notes (subsequent to publication of your article in the journal}

«prepare other derivative works, to extend the article into book-lenagth form, orto otherwise re-use portions or
excerpts in other works, with full acknowledgement of its original publication in the journal

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors who publish in Elsevier journals to
comply with potential manuscript archiving requirements as specified as conditions of their grant awards. To learn
more about existing agreements and policies please visit hitpfwww elsevier. comiffundingbodies).

Proofs

Cne set of page proofs in PDF format will be sent by e-mail to the corresponding author (if we do not have an e-
mail address then paper proofs will be sent by post). Elsevier now sends POF proofs which can be annotated; for
this you will need to download Adobe Reader version 7 available free from

hitptwww.adobe. comiproductsi/acrobatreadstep2. html. Instructions on how to annotate PDF files will accompany
the proofs. The exact system requirements are given at the Adobe site:
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