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RESUMO

A Salmonella Enteritidis é uma das principais bactérias causadoras de gastrenterite,
também podendo ser responsavel por doencas sistémicas. A adequada caracterizacao
deste microrganismo é essencial nos estudos epidemiolégicos. Neste contexto, este
estudo avaliou a utilizagéo de dois métodos moleculares, Tipificagao por Sequenciamento
de Multiplos loci (MLST) e Andlise de Fragmentos Polimérficos Amplificados e
Fluorescentes (FAFLP), para a diferenciacado de 32 isolados de S. Enteritidis oriundos de
diferentes fontes do sul do Brasil, bem como de cinco isolados de S. Enteritidis
provenientes de outras areas geograficas. Também foram incluidos neste estudo quatro
isolados pertencentes a outros sorovares (S. Panama, S. Senftenberg, S. Typhimurium e
Salmonella [4,5:-:1,2]. As duas técnicas escolhidas para este trabalho ja foram
empregadas concomitantemente para analisar diferentes sorotipos de Salmonella, mas
este estudo é o primeiro a utiliza-las para a diferenciagdo de um mesmo grupo de isolados
de S. Enteritidis. O esquema desenvolvido para o MLST incluiu a amplificagdo de
fragmentos de dois genes constitutivos (hemD e mdh) combinado com dois genes de
viruléncia (ssaQ e slyA), aumentando, assim, a capacidade discriminatéria do método.
Ambas as técnicas apresentaram altos indices de poder discriminatério, calculados pelo
indice de diversidade de Simpson, 0,99 e 0,88 para FAFLP e MLST, respectivamente.
Além disso, os métodos avaliados também mostraram-se eficientes na discriminacado de
isolados de diferentes sorovares de Salmonella. Entretanto, a FAFLP e a MLST né&o foram
capazes de diferenciar isolados provavelmente ndo relacionados epidemiologicamente,
bem como ndo agruparam isolados pertencentes a um mesmo fagotipo. Desta forma, os
resultados obtidos sugerem que ambas as técnicas podem ser ferramentas Uteis para a
andlise epidemioldgica molecular de isolados de Salmonella, inclusive para um sorovar
com grande homogeneidade genética como a S. Enteritidis.

Palavras-chave: Salmonella Enteritidis, FAFLP, MLST, caracterizacdo molecular.
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ABSTRACT

Salmonella Enteritidis is a common foodborne pathogen that causes gastroenteritis and
systemic infections in humans. The characterization of this bacterium is essential for
epidemiological studies. In this context, two molecular methods, MLST and FAFLP, were
tested for characterization of 32 S. Enteritidis isolates obtained from South of Brazil, as
well as five isolates obtained from other geographical areas. Four isolates of different
serovars of Salmonella (S. Panama, S. Senftenberg, S. Typhimurium and Salmonella
[4,5:-:1,2]) were included as outgroup. These two techniques were already used to analyze
different Salmonella serovars, but this study is the first to use them to discriminate the
same S. Enteritidis isolates. The MLST scheme was performed with two housekeeping
genes (hemD and mdh) combined with two virulence genes (ssaQ and slyA) to improve
the discriminatory power of method. Both methods presented high discriminatory indexes
calculated by Simpson’s index of diversity, 0.99 and 0.88 for FAFLP and MLST,
respectively. These methods were efficient to differentiate isolates of distinct Salmonella
serovars, but did not distinguish isolates probable epidemiologically non-related, and also
did not group isolates of same phage type. These results suggested that these two
techniques can be used as a tool for the epidemiological molecular characterization of S.
Enteritidis isolates.

Keywords: Salmonella Enteritidis, FAFLP, MLST, molecular characterization.
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1. Capitulo 1 INTRODUCAO E OBJETIVOS

1.1 INTRODUCAO

A Salmonella € uma bactéria de distribuicdo global, transmitida através de
alimentos contaminados, que pode provocar diversas doengas em humanos, tais como
enterocolites, bacteremia, febre entérica e infec¢des sistémicas.

As bactérias do género Salmonella sao bastonetes Gram negativos,
normalmente produtoras de H,S e nado fermentadoras de lactose, comumente
encontradas no trato intestinal de animais domésticos e selvagens. Estas bactérias séo
oxidase negativas, catalase positivas, utilizam o citrato de sédio como uUnica fonte de
carbono e descarboxilam a lisina e a ornitina'. Clinicamente, séo classificadas em dois
grupos distintos: tiféides (S. Typhi e S. Paratyphi), que causam febre tiféide, e néo
tiféides (diferentes sorovares de S. enterica), causadores de gastrenterites e outras
infeccdes associadas®. A infeccdo por Salmonella sp. tende a ter consequéncias mais
graves em criangas com menos de 5 anos de idade e em pacientes
imunocomprometidos, como os portadores de HIV . Alguns sorovares de S. enterica
sdo adaptados a um hospedeiro especifico; no entanto, a maioria pode colonizar e
causar doenca em uma grande variedade de espécies*®, tanto causando surtos
epidémicos, como estando associada com infecgdes esporadicas.

Todos o0s anos sdo reportados 40.000 casos de salmonelose nos Estados
Unidos. Entretanto, como nem todos os casos sdo diagnosticados ou reportados aos
orgaos de saude, estima-se que ocorram aproximadamente 1,4 milhdes de casos por
ano, ocasionando cerca de 400 mortes por salmonelose aguda’. Desde a década de
80, tem-se observado um significativo aumento de S. Enteritidis relacionada com
infeccbes humanas em pelo menos trés continentes (América, Europa e Asia) 8. Nos
Estados Unidos, a incidéncia de S. Enteritidis aumentou de 2,38 por 100.000 habitantes
em 1985 para 3,9 por 100.000 habitantes em 1995, e apresentou um declinio de 49%
em 1999 °, fato que parecia ser uma tendéncia, apesar deste sorovar continuar sendo
responsavel por mortes relacionadas a surtos, mas que estabilizou em 2001 '°. Dentre
0s casos de gastrenterites registrados na América do Sul e Central, cerca de 39% estao
relacionados & S. Enteritidis .



No Brasil, a partir de 1993, a S. Enteritidis emergiu como um grande problema
para a industria avicola e para a saude publica, causado provavelmente pela
importacdo de matrizes de aves contaminadas dos paises da Europa 2. A S. Enteritidis
€ descrita como prevalente em varias regides do Brasil em amostras isoladas de

humanos e de outras fontes '3141516.17.18

Aproximadamente 90% dos surtos de
salmonelose ocorridos no Parand, entre 1999 e 2002, foram causados pelo sorovar
Enteriditis ' e durante o periodo de 1999 a 2008 foram notificados 2974 surtos de toxi-
infeccbes alimentares no Brasil, sendo o género Salmonella responsavel por 1275
(42,9%) destes. Durante o mesmo periodo, 119 destes surtos foram atribuidos a S.
Enteritidis®.

A contaminacdo com S. Enteritidis normalmente ocorre pela ingestdo de
alimentos contaminados ou processados inadequadamente, especialmente aqueles de
origem animal. Os principais veiculos sao os ovos e a carne de frango, embora a
bactéria possa ser encontrada também em carne de outros animais, em embutidos e no
leite 2.

Geralmente, o agente etiolégico responsavel por um surto de infeccao é
originado de uma unica célula cuja progénie é geneticamente idéntica ou amplamente
relacionada ao organismo de origem, veiculado a partir de uma fonte comum 2.
Entretanto, pode existir diversidade suficiente ao nivel de espécie para que o0s
organismos isolados de diferentes fontes em diferentes periodos e em diferentes
regides geogréaficas possam ser diferenciados.

Os métodos convencionais para a identificacdo de Salmonella incluem o cultivo
em meio seletivo e a caracterizagao bioquimica e sorolégica 224, J4, a classificagdo da
Salmonella em sorovares é realizada de acordo com o esquema Kauffman-White, que é
baseado nas propriedades antigénicas das proteinas flagelares (H1 e H2), do
lipopolissacarideo de superficie celular (antigeno O) e do antigeno capsular (Vi) %°. O
esquema Kauffman-White reconhece 46 sorogrupos O e 114 antigenos H, resultando

na caracterizagdo de 2541 sorotipos 2°.

Este esquema tem sido muito valido no
diagnéstico clinico e epidemiolégico dos sorotipos envolvidos em Samoneloses %, mas

requer a combinagdo com outros métodos quando o objetivo é uma analise
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epidemiolégica dos isolados, ja que poucos sorovares sao responsaveis pela grande
maioria dos surtos em humanos 32,

A tipificacdo bacteriana tem sido realizada hd décadas por varios métodos e,
quanto mais métodos de tipificacdo forem empregados conjuntamente, maior serd a
probabilidade de confiar que o organismo é clonal *°. Os métodos de tipificacdo podem
ser divididos em dois grupos com base no tipo de caracteristicas ou macromoléculas
utilizadas como alvos para tipificagdo: métodos fenotipicos e genotipicos. Os métodos
fenotipicos sdo aqueles que detectam caracteristicas expressas pelo organismo e os
métodos genotipicos sdo aqueles que envolvem a andlise direta de DNA cromossémico
e/ou extracromossomico 3%,

A fagotipificacao, utilizando padrdes de lise obtidos com um conjunto definido de
bacteriéfagos, € um método classico usado desde 1950 para diferenciacdo de
sorovares bacterianos. Em 1987, foi descrito um esquema de fagotipificagdo para S.
Enteritidis, diferenciando 27 fagotipos (PT) **. Desde entdo, este método tém sido
usado como ferramenta em estudos epidemiologicos envolvendo surtos de S.
Enteritidis, e tém a vantagem de ser rapido e de facil execu¢do quando comparado com

18,35

algumas técnicas moleculares Entretanto, a fagotipificacdo tem poder

discriminatério limitado e requer uma colegédo especializada de fagos, o que dificulta a
sua realizagdo em muitos laboratérios 367

Na Europa ocidental e em alguns paises da América do Sul, desde 1987, o
aumento de casos de infecgdes por S. Enteritidis esta relacionado com o PT 4 8. A partir
de 2001, observa-se uma mudang¢a com o predominio do PT14b na Suécia a também
na Inglaterra *8. Nos Estados Unidos, os fagotipos mais comuns sdo PT8 e PT13a°. O
PT 13 foi ocasionalmente associado a sepse e ao aumento de mortalidade em frangos
no Canada *°. No Brasil, observou-se um aumento do nimero de isolados oriundos de
humanos e ndo humanos pertencentes ao PT4, fago tido como altamente clonal. No
Estado de Séo Paulo, no periodo de 1975 a 1995, na analise de 574 isolados de S.
Enteritidis, foi observada a predominancia do PT 8 (80,9%) até 1992 e, apds 1993, a
grande maioria dos isolados pertenceu ao PT 4 . J4, no Parana, o fagotipo mais

prevalente foi o PT4 até 2000'°, seguido do PT4a *° e do PT9 em 2008*'.
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Os métodos genotipicos empregados para o estudo de Salmonella incluem
andlise de perfis plasmidiais e padrdes de restricdo plasmidial *, ribotipificacdo '8,
RAPD (Random Amplified Polymorphic DNA) **, RFLP (Restriction Fragment Length
Polymorphism) *°, MLEE (Multilocus Enzyme Electrophoresis) ** PFGE (Pulsed-field
Gel Electrophoresis) ***°, repPCR *© AFLP (Amplified Fragment Length Polymorphism)
4748 o MLST (Multilocus Sequence Typing) ***°. Para S. Enteritidis, o uso de uma Unica
técnica molecular normalmente ndo é suficiente para a diferenciacao de isolados. O uso
conjunto de técnicas fenotipicas e genotipicas pode prover informagdes importantes na
evolugao, ecologia e epidemiologia de subtipos de S. Enteritidis associados a diferentes
hospedeiros >'°2°3:54,

A ribotipificacdo € um método que pode identificar e classificar bactérias
baseando-se nas diferencas do RNAr. O operon riboss6mico em bactérias € composto
principalmente de genes constitutivos e qualquer variagdo nestes genes resulta em
ribotipos polimérficos *°. Em Salmonella, este método é utilizado em conjunto com a
sorotipificacdo >

O uso de uma combinacédo de enzimas de restricdo, como Pstl e Sphl, parece
aumentar o poder discriminatério da técnica quando comparada a outros métodos,
principalmente quando o objetivo é a tipificacdo de S. Enteritidis PT4 e PT8%. A
utilizagdo da ribotipificacdo para a andlise de isolados de S. Enteritidis ndo tem
mostrado capacidade em discriminar isolados deste sorovar, o que foi atribuido a
possivel endemicidade de um ribotipo nas areas geogréficas analisadas ou a uma
grande homogeneidade clonal '®*°. Além disso, a ribotipificagdo manual é bastante
trabalhosa para uso de rotina em laboratérios e de dificil reprodutibilidade, enquanto
que a ribotipificacdo automatizada ainda é bastante onerosa 8.

A andlise de perfil plasmidial, que determina o numero e o tamanho de
plasmideos, tem sido utilizada para discriminar isolados de Salmonella de variados
sorotipos™®. Este método pode ser complementar & fagotipificacdo®, podendo
diferenciar isolados de um mesmo fagotipo, como descrito para a S. Enteritidis PT8 .
Este método apresenta a limitacdo da possibilidade de mobilidade dos plasmideos, o
que pode ser minimizado pela utilizacdo de outros métodos complementares de

analise®'.

12



A PFGE, considerada como “padrao ouro” para a avaliacao epidemiologica de
sorovares de Salmonella, estd baseada na analise de grandes fragmentos de DNA
gerados pela digestdo do DNA gendmico com enzimas de restricdo®'®2. Esta técnica

3

também pode indicar diversidade genética entre isolados *°, além de ser altamente

reprodutivel %64,

A diversidade genética entre isolados bacterianos também tem sido avaliada pela
técnica AFLP. Esta técnica é baseada na digestdo do DNA cromossdémico normalmente
com duas enzimas de restricdo, ligacdo a oligonucleotideos adaptadores especificos
que impedem a reconstituicdo dos sitios de clivagem enziméatica e posterior
amplificagdo dos fragmentos por PCR utilizando oligonucleotideos iniciadores seletivos
ou nao seletivos %>, A observacdo dos resultados normalmente é realizada em gel de
agarose °°. A AFLP tem sido usada para genotipificacdo de varias espécies de

6788 ‘incluindo Salmonella ®*"°. Uma modificacdo do método de AFLP, o SE-

bactérias
AFLP, que, emprega apenas uma enzima de restricdo para clivagem do DNA 7',
demonstrou eficiéncia e maior poder discriminatério do que rep-PCR para onze isolados
de S. Enteritidis de suinos da regiao sul do Brasil e nove isolados de outras areas
geogréficas >*. Quando sdo utilizados oligonucleotideos iniciadores marcados com

fluorescéncia, a técnica é denominada de FAFLP 727374

e os fragmentos marcados
obtidos podem ser detectados diretamente em sequenciador automatico*®, facilitando a
identificacdo de picos polimérficos em um grande nimero de isolados “®°. O poder
discriminatério da técnica pode ainda aumentar se forem acrescentados nucleotideos
especificos aos oligonucleotideos iniciadores, devido ao aumento de estringéncia
destes oligonucleotideos C.

A FAFLP tem sido eficiente para a diferenciacdo de sub-espécies ® e para a
discriminacao de sorotipos de Salmonella ®*"". A comparacéo entre PFGE e FAFLP tem
gerado resultados contrastantes. Alguns autores descrevem estas duas técnicas com

778 ‘anquanto Desai e colaboradres*® mostram que

poder de discriminagdo semelhante
FAFLP tem um maior indice de discriminacdo do que PFGE para S. Enteritidis PT4, e
Scott e colaboradores*’ relataram que culturas de referéncia de S. Enteritidis

pertencentes a 25 diferentes fagotipos originaram 25 perfis de FAFLP distintos.
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Outra técnica empregada para a analise epidemiologica de Salmonella sp. foi a
MLEE 798%8' Esta técnica é baseada na identificacdo de proteinas variaveis, devido a
substituicdo de aminoacidos, visualizadas em eletroforese em gel. Na MLEE, as
variacoes observadas na motilidade eletroforética correspondem as variagdées no locus
que codifica para a enzima. Se forem utilizadas enzimas metabdlicas, ndo submetidas a
pressdes seletivas, podem ser detectadas variagdes neutras que definem linhas clonais
relativamente estaveis na populagdo analisada ®. A MLEE é uma técnica de dificil
padronizacao entre laboratérios e nao representa um método de subtipificacao eficiente
para utilizacdo na rotina ®. Desta forma, os métodos baseados na andlise de DNA,
especialmente os automatizados, sdo mais rapidos e apresentam resultados mais
acurados do que a MLEE

A técnica da MLST, que utiliza a amplificacdo por PCR de varios genes
constitutivos, que codificam proteinas necessarias para fungdes celulares basicas, tem
sido utilizada para determinar diversidade genética entre isolados, podendo ser
empregada em estudos epidemioldgicos. Esta técnica foi desenvolvida para tipificacao
de varias bactérias, tais como Streptococcus pneumoniae ®, Staphylococcus aureus ®,
Listeria monocytogenes®, Haemophilus influenzae® e Salmonella ***°. O alto poder
discriminatério e a facilidade no compartiihamento de dados entre diferentes
laboratérios, inclusive utilizando a Web™, sdo atributos importantes para que esta
técnica possa ser considerada uma ferramenta adequada para anélise epidemiologica
global %88 O |ento acimulo de variagdo dentro dos loci dos genes constitutivos
fornece informagdes fidedignas sobre as relagdes evolutivas dos isolados, mas também
pode ser um limitador do método, impedindo a diferenciacdo de linhagens e isolados
amplamente relacionados #¥*°, destacando a importancia da correta escolha dos genes
alvo a serem utilizados neste método. Uma maneira de contornar a dificuldade de
discriminagcéo entre isolados de espécies com grande homogeneidade genética é a
inclusdo de genes com maior variabilidade, tais como aqueles que codificam para
fatores de viruléncia °>%. Além disso, outra limitacdo do método pode ser a dificuldade
em amplificar fragmentos dos genes escolhidos para todos os isolados investigados

4951 ou a amplificacdo de fragmentos oriundos de mais de uma cépia do gene, como
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descrito para o manB ', além da limitada capacidade para a discriminagdo intra-
sorotipos de Salmonella, o que também é descrito para PFGE e para fagotipificacéo °'.
Varios autores tém destacado o uso da MLST para discriminagéo de linhagens e

para tipificacdo de isolados de Salmonella 3349:52:63.88

, procurando refazer um histérico
da evolucdo deste microrganismo. A andlise filogenética de cinco sorovares
clinicamente importantes de Salmonella através de MLST demonstrou que a maioria

> A utilizacdo da

dos sorotipos desta bactéria representa linhagens monofiléticas
MLST empregando trés genes alvos, o fimA, que é um gene de viruléncia, e dois genes
constitutivos (manB e mdh), em vez dos seis genes constitutivos preconizados na

metodologia original °'

, resultou em 56 sequéncias tipo (ST) para isolados oriundos de
humanos e 6 ST para isolados bovinos, além de 10 ST comuns a humanos e bovinos®2.
Desta maneira, foi obtido um poder discriminatério semelhante ao esquema usando 6
genes constitutivos, mas com a redugao do custo do procedimento *2.

Diversos trabalhos vém sendo realizados com o objetivo de comparar a MLST
com a PFGE, apresentando resultados contrastantes. A MLST foi descrita com menor
poder discriminatério do que a PFGE para diferentes sorovares de Salmonella e para

50,91

isolados de S. Typhimurium , bem como existiram relatos afirmando o contrério,

onde a MLST proporcionou a inferéncia de relagbes genéticas entre varios sorotipos de
Salmonella 2.

A caracterizagdo por PFGE, MLST e AFLP de 110 isolados de diferentes
sorotipos de S. enterica subespécie enterica oiundos de humanos e de origem
veterinaria mostrou PFGE e AFLP com poder discriminatério semelhante, e as duas
técnicas com habilidade discriminatéria maior que a MLST °'. A combinagdo das
técnicas de MLST e FAFLP para caracterizacdo de isolados de S.Enteritidis nao foi

relatada até o presente momento.
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1.2 OBJETIVOS

1.2.1 Objetivo Geral

Avaliar a diversidade genética de isolados de Salmonella Enteritidis através das
técnicas de FAFLP e MLST, procurando estabelecer métodos que possam permitir o
entendimento da dindmica populacional e auxiliem nos estudos de levantamento

epidemiolégico das doengas causadas por este microrganismo.

1.2.2. Objetivos Especificos

1- Avaliar a capacidade do FAFLP em tipificar isolados de S. Enteritidis oriundos de
carcagas de frango, aves, suinos, alimentos e humanos envolvidos em surtos de
salmonelose.

2- Avaliar a capacidade do MLST em tipificar isolados de S. Enteritidis oriundos de
carcacas de frango, aves, suinos, alimentos e humanos envolvidos em surtos de
salmonelose.

3- Comparar o poder discriminatério das técnicas de FAFLP e MLST para a tipificacao
de isolados de S. Enteritidis.
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2. Capitulo 2 ARTIGO CIENTIFICO 1

Differentiation of Salmonella Enteritidis Isolates by FAFLP
M. V. Kober'?; M. R. Bogo'?, C. A. S. Ferreira,' and S. D. Oliveira’

Periédico: Foodborne Pathogens and Disease
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Abstract

Salmonella Enteritidis is responsible for human gastroenteritis outbreaks worldwide and
the molecular characterization of isolates is an important tool for epidemiological studies.
Fluorescent amplified fragment length polymorphism (FAFLP) analysis was performed
on thirty-two S. Enteritidis strains from South Brazil isolated from human, foods, swine,
broiler carcasses and other poultry-related samples to subtype isolates. Five strains of
S. Enteritidis from different geographical regions and four isolates of different
Salmonella serovars were also tested. Among the 41 isolates tested, 96 polymorphic
AFs were obtained, producing 40 distinct profiles with a Simpson’s index of diversity of
0.99. Nine FAFLP clusters could be inferred based in Dice similarity coefficient. FAFLP
clustering readily identified different serotypes of Salmonella, but did not distinguish
isolates non-related epidemiologically or distinct phage types. Therefore, these results
indicate that FAFLP is a rapid method for epidemiological investigations of Salmonella
outbreaks, presenting a high discriminatory power and providing an efficient

differentiation of distinct serotypes of Salmonella.
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Introduction

Salmonella is a pathogen that may infect a wide range of animal species and is
able to survive in water, soil and food for extended periods of time (Velge et al., 2005;
Crum-Cianflone, 2008). Salmonella spp transmission to humans commonly occurs
through the food chain, mainly by the consumption of contaminated eggs and poultry
meat as well as foods that contain raw eggs and/or contaminated poultry products
(Tavechio et al,, 1996). Infections by non-typhoid Salmonella serovars usually are
responsible for gastroenteritis, but these bacteria can also spread beyond the intestine
and cause systemic infections (Hensel, 2004; Crum-Cianflone, 2008). Salmonella
Enteritidis is a non-typhoid serovar and can colonize both humans and chicken. This
serovar have been the main cause of human gastroenteritis outbreaks worldwide
(Rodrigue et al., 1990; CDC, 2008) and, therefore, is responsible for significant
economical losses derived from food waste and health treatments (Sockett, 1991;
Tavechio et al., 1996; Mead et al., 1999).

For outbreak investigation and epidemiological surveillance, a correct
identification and characterization of the causal bacteria is essential. Serotyping and
phage typing are classical phenotypic typing methods used to differentiate isolates of
Salmonella (Ward et al., 1987, Olsen et al., 1994), but these methods alone are many
times not enough for an accurate identification (Liebana et al., 2004). Thus, molecular
characterization becomes an important tool for epidemiological studies. However, the
investigation of food-borne outbreaks caused by S. Enteritidis by molecular methods
have been proven difficult, as this serovar displays great genetic homogeneity and the
techniques most used for subtyping S. Enteritidis shows limited discriminatory power

(Boxrud et al., 2007). Therefore, it is crucial that a higher discriminatory molecular typing
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technique be developed in a way to differentiate S. Enteritidis strains (Foley et al.,
2007), and the use of multiple methods often is required for an effective discrimination
(Liebana et al., 2001; Oliveira et al., 2007).

Several molecular epidemiological techniques, such as PFGE (Ridley et al., 1998;
Fernandes et al., 2003), plasmid profiling (Olsen et al., 1994; Miljkovic-Selimovic et al.,
2008; Kalender et al., 2009), RAPD (Betancor et al., 2004), AFLP (Desai et al., 2001;
Scott et al., 2001;) and MLST (Kotetishvili et al., 2002; Fakhr et al., 2005), have been
performed together with phenotypic techniques in an attempt to improve the
reproducibility and discriminatory ability of S. Enteritidis genetic typing. The
implementation of these techniques has led to an enhanced surveillance of outbreaks
worldwide (Winocur et al., 2003; Sukhnanand et al., 2005).

Fluorescent amplified-fragment length polymorphism (FAFLP) is an accurate,
rapid and reproducible method based in fragmentation of genomic DNA with restriction
endonucleases, followed by ligation of adapters and latter amplification with selective or
non-selective fluorescent labeled primers (Scott et al., 2001). The fragments generated
by a large number of isolates can be analyzed directly by automated sequencing in a
short period of time (Desai et al., 2001; Foley et al., 2009). In this sense, the aim of this
study was to characterize S. Enteritidis isolates from different sources by FAFLP in order

to evaluate its discriminatory potential to this genetically homogeneous serovar.

Materials and Methods
Bacterial strains and culture conditions
Thirty-two S. Enteritidis strains isolated from human, foods, pigs, broiler

carcasses and poultry-related samples collected over the period 1995-2001 were
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evaluated by FAFLP. These strains were isolated from the Rio Grande do Sul and Santa
Catarina States, Brazil, and fagotyped in preview studies (Santos et al., 2003; Oliveira et
al., 2005). Five epidemiologically unrelated S. Enteritidis strains isolated from other
countries and four isolates of other serovars (S. Senftenberg, S. Typhimurium, S.
Panama and Salmonella [4,5:-:1,2]) were also included (Table 1). Isolates were grown

overnight in TSB (Trypticase Soy Broth) at 37°C.

DNA extraction

An 1 mL aliquot of cultures in TSB were centrifuged at 12,000 g for 5 min. Cells
were washed twice in 1 mL of 1 M NaCl and pelleted by centrifugation at 12000 g for 3
min. Cells were resuspended in 100 pyL of TE (10 mM Tris-HCI pH 8.0, 1 mM EDTA).

Genomic DNA was extracted according to the method described by Rademaker
and de Bruijn (1997). Briefly, bacterial cells were lysed with 500 uL of 5 M guanidine
thiocyanate, 0.03 M N-lauryl sarkosine and 0.1 M EDTA for 5 min at 4°C. After, 250 uL
of cold 7.5 M ammonium acetate were added; tubes were gently shaken and incubated
for 5 min at 4°C. An aliquot of 500 uL of chloroform/iso-amyl-alcohol (24:1) was added
and the mixture was vortexed vigorously. After centrifugation at 16,000 g for 10 min, the
DNA-containing pellet was further washed with isopropyl alcohol. The DNA samples

were stored at - 20°C. The DNA quantification was performed in a spectrophotometer.
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FAFLP typing

FAFLP was performed using approximately 400 ng of genomic DNA from each
isolate and simultaneously digested with 2.5 U of EcoRl and Msel restriction
endonucleases (Invitrogen), in a total volume of 25 uL. The reaction mixtures were
incubated at 37°C for 2 h and then at 70°C for 15 min to heat inactivate the enzymes.
Restriction fragments were ligated to double stranded adapters in a reaction containing
5 pmol of EcoRI adapter and 50 pmol of Msel adapter, 1 U T4 DNA ligase and 0.2 pL of
10X T4 ligase DNA buffer (Fermentas Life Sciences). The reaction mixture was
incubated at 12°C for 17 h and heated at 65°C for 10 min to inactive the ligase (Desai et
al., 1998).

The forward primer, a non-selective EcoRI primer (5’GACTGCGTACCAATTC3),
was labeled with a 6-carboxyfluorescein. The reverse primer, a non-labeled Msel primer,
had an extra selective base C at the 3' (5GATGAGTCCTGAGTAACS3’). Primers and
adapters were supplied by Integrated DNA Technologies Inc.

Amplification reactions were performed in a volume of 25 uL, containing 1 pL of
ligated DNA, 20 uM of 6-FAM labeled EcoRI primer, 100 uM of Msel primer, 0.2 U Taq
DNA polymerase (Photoneutria Biotecnologia e Servicos), 2.5 yL of 10X PCR buffer (10
mM Tris-HCI pH 8.0, 50 mM KCl), 1.5 mM MgCl; and 0.2 mM of desoxinucleotides (GE
Healthcare, USA). Touchdown PCR was performed as follows: initial denaturation at
94°C for 2 min, followed by 9 cycles of denaturation at 94°C for 20 s, annealing at 66°C
for 30 s and extension at 72°C for 2 min. The annealing temperature for the first cycle
was 66°C and for the next eight cycles the temperature was decrease by 1°C at each

cycle. The remaining 20 cycles were performed using a denaturation at 94°C for 20 s,
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annealing at 56 °C for 30 s and extension at 72°C for 2 min with a final extension at 60°C
for 30 min. Amplifications were carried out in a Thermocycler (MiniCyclerTM, MJ
Research). FAFLP products were separated on a MegaBace 1000 automatic sequencer
(GE Healthcare, USA). Each FAFLP reaction mixture was loaded with an internal size
marker ET-550R (GE Helthcare) and the electrophoresis injection conditions were 3 Kv
at 150 s and 10 Kv for 75 min. The amplified fragments (AFs) detected by the
MegaBACE™ Fragment Profiler software were screened for detection of

polymorphisms, verifying the presence or absence of fragments from 90 to 510 bp.

Data analysis

Data were scored in a binary matrix format in Microsoft Excel (Microsoft Inc.) and
exported to SPSS program (PASW Statistics 17) for the analysis of the similarity index
between pairs of isolates. Cluster analysis was performed using neighbor-joining method
based in Dice coefficient of similarity from which a dendrogram was generated. The
isolates with > 89.8% of similarity were grouped in same cluster. The discriminatory

power was measured by the Simpson’s index of diversity (D) (Hunter, 1990).

Results

The FAFLP analysis of 37 S. Enteritidis strains and four strains of other
Salmonella serovars consisted of 147 AFs in the size range of 61 bp to 510 bp. Only
fragments with sizes between 90 and 510 bp were included in the final analysis based
on a minimal sizing accuracy estimation of approximately 0.5 bp. The number of AF
differences between individual profiles ranged from 1 to 116. Nine FAFLP clusters were

generated based in Dice similarity coefficient, which can be visualized in the neighbor-
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joining dendrogram (Fig. 1 and Table 1). Among the 40 profiles obtained, 96 AFs were
shown to be polymorphic, resulting in a Simpson’s index of diversity of 0.99.

Cluster A was formed by the S. Enteritidis ATCC 13076 and 18 strains isolated
from human, food, swine, broiler carcasses and poultry-related samples, and which
belonged to phage types PT4, PT4a, PT6, PT6a, PT7, PT9 and PT11. Cluster B
included 11 isolates originated from poultry, human, food, broiler carcasses and swine,
with corresponding phage types PT4, PT4a, and one isolate of PT6a.

The strains 879 (PT4a) and 9 (PT4) isolated from broiler carcasses and poultry,
respectively, shared one FAFLP cluster (cluster C) with 19 different AFs.

The outgroup, constituted by four isolates of distinct serovars, was discriminated
by FAFLP. The S. Typhimurium and Salmonella [4,5:-:1,2] isolates were grouped in
cluster F, differing from each other by one AF (137 bp). S. Panama (cluster D) and S.
Senftenberg (cluster E) were discriminated from the other isolates and formed single
clusters.

Three strains of S. Enteritidis from different geographic locations (Albania,
Tanzania and ltaly) were clustered together (cluster A). Isolate 1978 from Egypt
constituted cluster B and isolate 1610 from Zimbabwe formed a group with the isolate
883 (cluster I).

Isolates obtained from poultry (20) and swine (23SB) formed cluster G,
presenting 92.8% of similarity and 12 divergent AFs. The two isolates of cluster H (674
and 715) from food and human, belongs to phage type 4a and presented 91.2% of
similarity, differing for 15 AFs one from each other. These two clusters showed around

88% similarity with each other.
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Discussion

FAFLP is based on the detection of genomic restriction fragments amplified by PCR and
has been shown to be efficient for the discrimination of subspecies of Salmonella (Scott
et al., 2002) and between Salmonella serovars (Aarts et al., 1998; Lindstedt et al.,
2000). This method was used in this study for the genotypic characterization of 37
isolates of S. Enteritidis from different sources, as well as four other Salmonella serovar
isolates, revealing nine clusters and an index of discrimination of 0.99. These results
were in agreement to those found by Desai et al. (2001) using the same primers and
adapters, which obtained a discriminatory index of 0.98 to subtype S. Enteritidis PT4.
These authors found association between the FAFLP analysis and epidemiological data.
Conversely, our data shows that probably non-related isolates from different
geographical areas (Albania, Tanzania, ltaly, Egypt and Zimbabwe) were grouped in a
same cluster, on the contrary that the epidemiological data could suggest. Indeed,
clusters A and B harbor most isolates tested (43.9% and 26.8%, respectively), grouping
together isolates obtained from different sources and displaying various phage types,
including type strain ATCC 13076. This result could be compared with data from
Torpdahl et al. (2005), which using three different molecular techniques (PFGE, MLST
and AFLP) did not find significant diversity on isolates of S. enterica from human and
veterinary sources, as well as with Lawson et al. (2004) that obtained 93% of outbreak
associated isolates and 82% of sporadic isolates of S. Typhimurium in a same FAFLP
profile. So, as S. Enteritidis displays great genetic similarity (Olsen et al., 1994; Saeed et
al., 2006; Boxrud et al., 2007), little discrimination between isolates could be expected,

since the same isolates used in this study, when analyzed by rep-PCR or RAPD,
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showed high genetic homogeneity and low discriminatory power (Oliveira et al., 2007;
Santos et al., 2008). However, the FAFLP results presented in this work showed a
higher discrimination index than the other techniques, showing unique profiles for almost
all isolates.

Although FAFLP clustering was not able to discriminate different phage types, it
was already described that FAFLP was able to discriminate 25 PT reference strains of
S. Enteritidis into distinct profiles, being six phage types also analyzed in this study
(Scott et al., 2001). Therefore, as phage typing still corresponds to an important tool for
epidemiological typing of S. Enteritidis, its association with molecular methods may
improve greatly the discriminatory power between isolates of this serovar. Also, as
isolates sharing the same phage type may present highly divergent FAFLP profiles, and,
therefore present considerable genomic diversity, it should be taken with caution
clustering analyses based entirely on single phenotypic markers.

This study did not intend to subtype different Salmonella serovars by FAFLP, but
four different serovars were included as outgroup. Among them, S. Senftenberg and S.
Panama were grouped in distinct clusters, E and D, respectively. S. Typhimurium and
Salmonella [4,5:-:1,2] isolates showed 99.5 % similarity, and were grouped in cluster F.
Possibly, Salmonella [4,5:-:1,2] can be a monophasic variant originated from serovar
Typhimurium (4,5,12:i:1,2), similar to what was suggested by others studies using
FAFLP and other typing methods in relation to Salmonella [4,5,12:i:-] (Guerra et al.,
2000; de la Torre et al., 2003; Alcaine et al., 2006; Soyer et al., 2009).

The context described here indicates that besides FAFLP presents a high
discriminatory power, this method also shows to be less laborious and to possess a

higher resolving power than PFGE (Desai et al., 2001; Scott et al., 2002), considered to
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be the gold standard for use in epidemiological studies of Salmonella. Furthermore,

FAFLP is easily reproducible (Torpdahl et al., 2004).

Conclusion

We conclude that FAFLP is a rapid method for epidemiological investigations of
Salmonella outbreaks, presenting a high discriminatory power and providing efficient
discrimination of different serotypes of Salmonella, although it was not able to

distinguish in the clustering analysis putative epidemiologically non-related isolates.
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Table 1. SOURCE, PHAGE TYPE AND FAFLP PATTERN OF SALMONELLA

ENTERICA SEROVAR ENTERITIDIS STRAINS STUDIED

Isolate n® Source Phage type FAFLP pattern
890 Broiler carcasses 4a A
883 Broiler carcasses 4 I
879 Broiler carcasses 4a C
362 Broiler carcasses 4a A
192 Broiler carcasses 4 B
840 Broiler carcasses 4 A
2 Poultry 6a A
24 Poultry 7 A
12 Poultry 4a B
20 Poultry 4 G
9 Poultry 4 C
15 Poultry 4a A
346 Food 6a A
1561 Food 4 B
674 Food 4a H
152 Food 4 B
355 Food 4a B
1125 Food 4 A
1666 Human 4a B
715 Human 4a H
393 Human 4 A
1650 Human 4 B
1671 Human 4 A
720 Human 4a A
1662 Human 4 B
30SL Swine ND' B
23SB Swine 7a G
24SC Swine 6 A
40SE Swine 6a A
42SE Swine 6a A
1SD Swine 6a B
2883 Tanzania 9 A
2090 ltaly 11 A
2048 Albania 6 A
1610 Zimbabwe 4 I
1978 Egypt 4 B
ATCC 13076 - ND A
1S S. Senftenberg - E
2S S. Typhimurium - F
3S S. Panama - D
4S Salmonella.[4,5:-:1,2] - F

"Not determined
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FIG.1. Dendrogram showing the genetic relationships between 37 isolates of Salmonella
Enteritidis and 4 isolates of other Salmonella serovars. Similarity was determined by
Dice coefficient and isolates clustered using neighbor-joining method on the basis of
FAFLP profiles. Isolates exhibiting > 89.8% similarity were grouped in same cluster. The
bar represents percentage of similarity.
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Abstract

Salmonella Enteritidis is a common foodborne pathogen that causes
gastroenteritis or systemic infections in humans, what turns its identification essential for
epidemiological surveillance. A collection of thirty-two S. Enteritidis isolates obtained
from human, foods, pigs, broiler carcasses and poultry-related samples from south
Brazil and four isolates of other serovars and five isolates of other countries were
characterized using a multilocus sequence typing (MLST) scheme based on the
sequence of two housekeeping genes, hemD and mdh, in combination with two
virulence genes, ssaQ and slyA. A total of 18 sequence types (STs) were identified
between 41 isolates tested, showing that relationships between genotypic profile and
place and/ or source of isolation and phage type could not to be established. The
Simpson’s index of diversity was 0.88. The results obtained showed that MSLT was
efficient in separated isolates of Salmonella from distinct serovars, but not to distinguish
isolates not-related epidemiologically. The MLST scheme used showed a high
discriminatory power in the analysis of S. Enteritidis highly genetically similar isolates,

suggesting its use as a useful tool for the epidemiological molecular characterization

Keywords: Multilocus sequence typing, Salmonella, genetic diversity, ssaQ, slyA, mah,

hemD
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1 INTRODUCTION

Salmonellosis constitutes a global public health problem, as Salmonella species,
although can reside as common commensals in the gastrointestinal tract of animals, are
the cause of different diseases, including enterocolitis, bacteremia, enteric fever and
focal infections (CDC, 2001; Crum-Cianflone, 2008). Salmonella Enteritidis represent the
most frequent serovar causing human gastroenteritis worldwide (Rodrigue et al., 1990;
CDC, 2009) and can be often transmitted through the food chain. Contaminated foods,
including beef, pork, poultry and poultry products are frequent vehicles responsible for
the transmission of these organisms to humans (Tavechio et al. 1996; de Jong and
Ekdahl, 2006; Foley et al., 2006). Enterocolitis, the most common form of salmonellosis
(CDC, 2001), cause large economical impacts due mainly to labor temporary
incapability, medical care and even human death (Sockett, 1991, Mead et al., 1999).

Numerous typing methods have been developed to characterize isolates of
Salmonella involved in outbreaks in order to improve the epidemiological surveillance.
Usually, strains of Salmonella sp. are classified into serovars according to the
Kauffmann—-White scheme (Popoff et al., 2001). Methods based on phenotypic
characterization, such as phage typing, biotyping and antimicrobial resistance
traditionally have also been used for epidemiological studies (Ward et al., 1987, Olsen et
al., 1994; Santos et al., 2003). However, these methods alone are not sufficient for an
accurate typing of S. Enteritidis isolates (Liebana et al., 2004), since this serovar
displays great genetic homogeneity (Stanley et al., 1992, Olsen et al., 1994). Therefore,
the investigation of food-borne outbreaks can be difficult and alternative molecular

typing techniques, such as PFGE (pulse-field gel electrophoresis) (Ridley et al., 1998;
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Fernandes et al., 2003), plasmid profiling (Olsen et al., 1994; Miljkovic-Selimovic et al.,
2008; Kalender et al., 2009), RAPD (Random Amplified Polymorphic DNA) (Betancor et
al., 2004), AFLP (Amplified Fragment Length Polymorphism) (Desai et al., 2001; Scott et
al., 2001;) and MLST (Multilocus Sequence Typing) (Kotetishvili et al., 2002; Fakhr et
al., 2005) are required for an appropriate differentiation between isolates (Olsen et al.,
1993; Bennasar, 2000; Foley et al, 2007). As the reproducibility and discriminatory
ability of these methods can vary (Olsen et al., 1993), it would be appropriate to use an
association of different methods for an effective discrimination (Liebana et al., 2001;
Oliveira et al. 2007) as well as for a better epidemiological investigation of outbreaks
worldwide (Winokur, 2003, Sukhnanand et al., 2005).

MLST is a method based on the sequences of gene fragments from several
housekeeping loci and has been used to subtype and explore the evolutionary
relationships of several bacterial pathogens, such as Neisseria meningitidis (Maiden et
al., 1998), Streptococcus pneumoniae (Desai et al., 1998), Listeria monocytogenes
(Salcedo et al., 2003), Escherichia coli (Adiri et al., 2003) and Salmonella sp.
(Kotetishvili et al, 2002; Torpdahl et al., 2005). The scarce variability found within
housekeeping loci becomes global studies feasible and turns the information concerning
evolutionary relationships more reliable, but it also limits the discrimination between very
closely related strains or isolates (Cooper and Feil, 2004). Therefore, serovar-specific
differences have been studied by a variation of this method, using virulence associated
genes (presenting higher degrees of variability) together with housekeeping genes
(Fakhr et al., 2005; Alcaine et al., 2006; Tankouo-Sandjong et al., 2007). Various studies

have described the use of MLST for strain discrimination and typing of Salmonella sp.
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isolates, with data that can be accurately shared between laboratories (Kotetishvili et al.,
2002; Winocur, 2003; Alcaine et al., 2006; Harbottle et al., 2006; Foley et al., 2007).

The purpose of this study was to characterize isolates of S. Enteritidis from
different sources by MLST, using housekeeping and virulence genes, aiming to obtain a

higher discriminatory power than conventional schemes.

2 MATERIALS AND METHODS

2.1. Bacterial isolates and culture conditions

A total of forty-one Salmonella isolates, including thirty-two Salmonella Enteritidis
isolated from the Rio Grande do Sul and Santa Catarina States (Brazil) collected over
the period 1995-2001, four isolates of other serovars (S. Senftenberg, S. Typhimurium,
S. Panama and Salmonella [4,5:-:1,2]), and one outgroup formed by five S. Enteritidis
strains isolated from other countries were included in this study (Table 1). The S.
Enteritidis from Brazil were isolated from human, foods, swine, broiler carcasses and
poultry-related samples and fagotyped in preview studies (Santos et al., 2003; Oliveira
et al., 2005) (Table 1). All isolates were grown overnight in TSB (Trypticase Soy Broth)

at 37°C and an aliquot of each was stored in TSB containing 15% glycerol at -80°C.

2.2. DNA Extraction
After 1 mL of cultures had been centrifuged at 12,000 g for 5 min, washed twice
with NaCl, the cells were resuspended in 100 yL of TE (10 mM Tris HCI pH 8.0,1 mM

EDTA), and genomic DNA was extracted according to the method described by
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Rademaker and de Bruijn (1997). Briefly, this extraction is based in initial bacterial lise
with 500 uL of 5 M guanidine thiocyanate, 0.03 M N-lauroyl sarkosine and 0.1 M EDTA
for 5 min at 4°C. After incubation, it was added 250 pL of cold 7.5 M ammonium acetate,
and the tubes were kept, after gently mixing, at 4°C for 5 min. An aliquot of 500 pL of
chloroform/iso-amyl-alcohol (24:1) was added, the mixture was vortexed vigorously and
centrifuged at 9000 g for 10min. The 700 uL of upper phase containing DNA was
transferring to tubes containing 378 pL of isopropyl alcohol. After centrifugation with
ethanol, DNA pellet was resuspended in 200 uL of TE. The quantification and quality of
DNA was determined in a UV spectrophotometer using A(260):A(280) absorbance

ratios.

2.3 MLST
2.3.1 Loci and oligonucleotide primers

Four genes were chosen for the MLST scheme: two housekeeping and two
virulence genes. The housekeeping genes used were mdh (malate dehydrogenase) and
hemD (uroporphyrinogen Ill cosynthase), required for growth on nonfermentable carbon
sources (Xu et al., 1992). The virulence genes used were ssaQ and slyA (salmolysin)
chosen to intent to increase discrimination power this method. The ssaQ gene, belong to
SPI2 (Salmonella Pathogenicity Island 2), is required for survival of Salmonella in
macrophages (Hensel et al., 1997) and the slyA gene codify a transcriptional regulator
of virulence genes required for survival within macrophages, but not resides in SPIs

(Soto et al., 2006). Primers used are described in Table 2.
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2.3.2 Polymerase Chain Reaction

PCR was performed in a 25 pL final volume containing 2.5 pL of 10X PCR buffer
(10 mM Tris HCI pH 8.0, 50 mM KCI), 1.5 mM MgCly, 0.2 mM of each nucleotide
(Amerscham), 20 pmoles of each primer (Integrated DNA Technologies, Inc and
Invitrogen Life Technologies), 0.2 U Tag DNA polymerase (Invitrogen Life Technologies)
and 1 uL genomic DNA template (20 ng).

The PCR conditions for slyA and ssaQ genes were initial denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1
min and extension at 72°C for 2 min, with a final extension at 72°C for 10 min. For
hemD, the amplification conditions were initial denaturation at 94°C for 5 min, 35 cycles
of denaturation at 94°C for 45 s, annealing at 55°C for 45 s and extension at 72°C for 1
min, with a final extension of 72°C for 10 min. For mdh, the cycles were the same used
for hemD except for the annealing temperature at 61°C. Amplifications were carried out
in a Thermocycler (MiniCycler™, MJ Research). Amplificons were separated on 0.8 %
agarose gel electrophoresis at 5 V/cm. Gels were stained with ethidium bromide (0.5
ug/mL) and visualized on a UV transiluminator. Sizes of amplification products were
determined by comparison with a concurrently run DNA molecular size marker (100-bp

DNA ladder) (Fermentas, Sao Paulo, Brazil).

2.3.3 Sequencing
Amplicons were treated with an equal volume of PEG solution (20% PEG 8000 in
2.5 M NaCl) and washed twice: first with 125 L of 80% ethanol followed by 125 uL of

absolute ethanol. After incubation at 37°C, the DNA fragments were ressuspended in 12
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uL Milli-Q water and quantified in 0.8% agarose gel electrophoresis. The PCR products
were then submitted to automated sequencing with either the forward PCR primer in
MegaBace 1000 (GE Healthcare, USA) or in an ABI 3130 XL Genetic Analyzer (Applied

Biosystems).

2.3.4 Data analysis

Sequences were analyzed with Chromas software and fragments were aligned
using Molecular Evolution Genetics Analysis software (MEGA, version 2.1).
Dendrograms for each of the four genes were construct with MEGA using 1000
bootstrap replicates and Sequence Type Analysis and Recombinational Tests (START

1.0.5) program (http://pubmist.org/software/analysis/start) were used to determine

proportion of polymorphic sites, number of alleles and to construct an unweighted pair
group method with arithmetic (UPGMA) phylogenetic tree with all genes tested (Jolley et
al., 2001). Sequence types (ST) were determined from a concatenated code of alleles
assignment for individual genes and ST numbers were assigned using arbitrary
numbers. The discriminatory power was measured by the Simpson’s index of diversity
(D) (Hunter, 1990). All gene sequences were subjected to a BLAST search in Gene
Bank and hemD sequences were compared with sequences deposited in MLST website

database (http://mlst.ucc.ie) to verify allele types.
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3 RESULTS AND DISCUSSION

The characterization of isolates of genetically homogenous species normally
needs the use of several phenotypic and genotypic typing methods. MLST was chosen
as a genotypic typing method in this work due to its ability to differentiate serotypes and
provide information about the genetic relationship between isolates (Sukhnanand et al.
2005). On the other hand, the low level of nucleotide variation obtained with classical
MLST schemes, based in housekeeping /loci, limits the discriminatory power of highly
homogenous isolates (Cooper and Feil, 2004), what justifies the inclusion of genes that
present higher levels of genetic variability, such as virulence genes (Tankouo-Sandjong
et al., 2007).

A total of 37 Salmonella Enteritidis isolates from human, foods, pigs, broiler
carcasses and poultry-related samples, as well as five S. Enteritidis isolates from other
geographical areas and four isolated from other Salmonella serovars were
characterized. The MLST scheme developed in this study included a partial DNA
sequence of two housekeeping genes (hemD and mdh) already used as targets for
MLST to subtype Salmonella sp. (Kidgell et al. 2002, Alcaine et al., 2006), and two
virulence genes (slyA and ssaQ), whose proteins are involved in the bacterial survival
mechanisms within macrophages.

The total length of sequences obtained was 1709 bp, with 459, 457, 325 and 468
bp for hemD, mdh, slyA and ssaQ, respectively (Table 2). The target genes presented
four to twelve allelic types. The number of polymorphic sites for each gene ranged from
7 to 12 (1.5 to 3.7%) with the ssaQ gene displaying the highest variability (3.7%), but

showing only five allelic types. mdh and hemD genes demonstrated less variable
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sequences than the virulence genes, showing indexes of 1.5% and 1.7%, respectively
(Table 2). Although hemD and mdh are widely accepted as reliable gene markers in
MLST schemes, mainly for highly similar isolates, as they show higher variability levels
than other housekeeping genes (Harbottle et al., 2006; Alcaine et al., 2006), the results
presented here shows that the inclusion of the virulence genes ssaQ and slyA led to a
higher discriminatory power, specially slyA, which data grouped the isolates in 12
different clusters (data not shown). The mdh and hemD sequences obtained in other
MLST schemes presented higher indexes of polymorphic sites (Sukhnanand et al.,
2005; Torpdahl et al., 2005; Alcaine et al., 2006; Harbottle et al., 2006), however these
studies were performed using isolates from different Salmonella serovars, which may
explain the presence of a higher polymorphism. Therefore, the inclusion of virulence
genes in the MLST scheme improved its discriminatory power, as already described in
other studies using other virulence genes, such as fliC (Tankouo-Sandjong et al. 2007)
and fimA (Alcaine et al, 2006). However, Fakhr et al. (2005), the use in a MLST scheme
of the housekeeping genes manB, pduF and glnA with the virulence gene spaM, found
100% nucleotide identity between 85 S. Typhimurium isolates. These results
corroborates the importance of the identification of genes with adequate sequence
variation indexes in MLST schemes, in order to elucidate the relationship between
isolates that present a high genetic similarity, like S. Enteritidis, specially those not
recognized by serotyping.

A simple MLST scheme has also been described using genes fimA, manB and
mdh and used to genetically type 41 Salmonella isolates of various serotypes, allowed
discrimination of 25 sequence types among 66 isolates and showed good correlation

between STs and serotypes tested (Sukhnanand et al., 2005).
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The comparison of the hemD sequences obtained in this study with allele types

describe on the S. enterica MLST website database (http://mist.ucc.ie) showed high

similarity between the sequences of 35 isolates with hemD91, S. Panama isolate with
hemD 25, and the another 5 isolates with hemD12, including Salmonella [4,5:-:1,2], S.
Senftenberg and S. Typhimurium isolates.

The use of MLST for Salmonella has revealed difficulties in the amplification of
gene targets from isolates investigated (Kotetishvili et al., 2002). Another challenge for
some MLST schemes is the occurrence of more than one allelic type for the same gene,
as the two distinct manB alleles within three avian S. Montevideo isolates (Sukhnanand
et al., 2005) or the two copies of manB found in 33 isolates of a total 335 isolates from
bovine and humans (Alcaine et al., 2006). However, in this study all amplifications were
successful and neither of the genes analyzed displayed any evidence of multiple
genomic copies.

A dendrogram was constructed by UPGMA using the concatenated sequences of
all four genes with the START program displaying the clustering of 18 MLST Sequence
Types (STs) between the 41 isolates tested (Fig. 1). The overall discriminatory abilities
for MLST, determinated by Simpson’s index of diversity test (Hunter ,1990), was 0.88,
what may be considered a high value when compared with the 0.61 obtained with MLST
in S. Newport isolates (Harbottle et al., 2006) and 0.92 encountered for a collection of
355 clinical isolates of Salmonella sp. (Alcaine et al., 2006). Among the clusters, ST 1
(cluster A) harbored 29.3% of isolates from poultry, broiler carcasses, food, swine,
human and the S. Enteritidis ATCC 13076, which belongs to PT4, PT4a, PT6 and PT6a
phage types. Another clusters, named C and F, showed STs with 5 and 6 isolates,

respectively, from broiler carcasses, human, swine and poultry. Cluster | (ST 9)
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presented three isolates, corresponding to the isolate from Tanzania (PT6) and two
isolates from poultry and broiler carcasses (PT4). The other clusters presented one or
two isolate sequences (Fig. 1). These results did not show any direct association
between genotypic profiles, place of isolation/source of infection and phage type.
Indeed, the putative epidemiologically non-related isolates from other geographical
areas formed independent clusters with isolates of S. Enteritidis from different sources,
further indicating that the epidemiological data did not reflect genetic divergence.
Therefore, it may be assumed that different outbreaks, even in different geographical
areas and from distinct sources, can be caused by bacteria of a common origin. Similar
results were obtained in the typing of the same isolates by FAFLP (Kober et al., 2010,
submitted). This context indicates that assumptions based on epidemiological data
and/or on single phenotypic markers alone should be analyzed with caution.

All S. Enteritidis isolates showed a high divergence comparing to the outgroup,
with the exceptions of isolates 1SB and 30SL, which grouped more closely to
Salmonella [4,5:-:1,2]. S. Senftenberg, S. Typhimurium and S. Panama formed distinct,
but related, clusters. These results denote the efficiency of MLST to differentiate isolates
of different Salmonella serotypes, corroborating previous published data (Sukhnanand
et al., 2005; Torpdahl et al., 2005). However, the characterization of intra-serovars has
been shown that it may become a challenge, as the S. Enteritidis isolates tested in this
study were previously typed for rep-PCR, presenting a low discriminatory power
(Oliveira et al., 2007). Although MLST showed to possess a higher discriminatory power
as compared with rep-PCR, this method was not as discriminatory as FAFLP (Kober et
al., 2010, submitted). In this sense, Torpdahl et al. (2005) suggested that MLST is more

suitable to analyse evolutionary relationships on a more global scale and that FAFLP
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could be a possible tool in local outbreak investigation. However, MLST is easiest to
interpret and to compare between laboratories (Maiden, 2006; Harbottle et al., 2006),
providing phylogenetic-relationship inferences and no ambiguous data that are easily
reproducible.

In conclusion, our results indicate that MLST present a high discriminatory power
in the analysis of S. Enteritidis highly genetically similar isolates, suggesting its use as a

useful tool for the epidemiological molecular characterization.
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Table 1 Source, phage type and characterization of Salmonella Enteritidis isolates by
FAFLP and MLST.

Isolate n® Source Phage type FAFLP cluster’ MLST cluster
890 Broiler carcasses 4a A A
883 Broiler carcasses 4 I I
879 Broiler carcasses 4a C D
362 Broiler carcasses 4a A A
192 Broiler carcasses 4 B A
840 Broiler carcasses 4 A C
2 Poultry 6a A A
24 Poultry 7 A E
12 Poultry 4a B A
20 Poultry 4 G I
9 Poultry 4 C A
15 Poultry 4a A F
346 Food 6a A A
1561 Food 4 B A
674 Food 4a H C
152 Food 4 B K
355 Food 4a B J
1125 Food 4 A C
1666 Human 4a B F
715 Human 4a H A
393 Human 4 A F
1650 Human 4 B F
1671 Human 4 A L
720 Human 4a A A
1662 Human 4 B G
30SL Swine ND? B O
23SB Swine 7a G H
24SC Swine 6 A F
40SE Swine 6a A A
42SE Swine 6a A C
1SB Swine 6a B N
2883 Tanzania 9 A I
2090 ltaly 11 A C
2048 Albania 6 A F
1610 Zimbabwe 4 I H
1978 Egypt 4 B B
ATCC - ND A A
13076
1S S. Senftenberg - E Q
2S S. Typhimurium - F P
3S S. Panama - D R
4S5 Salmonella. [4,5:-:1,2] - F M

"Kober et al. (2010), submitted for publication.
°Not determined
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Table 2 Primers used for the amplification of target genes hemD, mdh, ssaQ and slyA,
size of amplicon, number of alleles and number of polymorphic sites detected for each

gene.
Target  Primer sequences (5—3’) Size N° of N- Reference
gene (op) alleles (percentage) of
polymorphic
sites
hemD F: GTG GCC TGG AGT TTT CCACT 459 4 8(1,7) Kidgell
R: GAC CAA TAG CCG ACA GCG TAG 2002
madh F: TAT CCA GCA TAG CGT CCA GC 457 7 7 (1,5) Alcaine,
R: GAT GAA AGT CGC AGT CCT CG 2006
slyA F: GCC AAAACT GAAGCTACAGGTG 468 12 11 (2,4) Guerra
R: CGG CAG GTC AGC GTG TCG TGC 2000
ssaQ F: GAA TAGCGA ATGAAGAGCGTCC 325 5 12 (3,7) Soto 2006

R: CAT CGT GTT ATC CTG TGT CAG C
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Fig. 1. Dendrogram shows the relationship of 37 Salmonella Enteritidis isolates and four
other Salmonella serovars constructed by the unweighted pair-group method using with
arithmetic averages (UPGMA) based on the concatenated sequences of four genes in
MLST scheme. The bar represents linkage distance. The clusters are represented by
letters.
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4. Capitulo 4 CONSIDERACOES FINAIS

A Salmonella Enteritidis € uma bactéria de distribuicao global que representa um

importante problema de saude publica, sendo considerada uma das principais causas

14,92,81

de gastrenterites e responsavel por perdas econdmicas significativas com faltas

ao trabalho e internagdes para tratamento dos infectados %944,

A correta identificacdo de isolados envolvidos em surtos e seu acompanhamento
sao essenciais para estudos epidemiol6gicos e torna-se bastante dificultada, uma vez
que a S. Enteritidis apresenta grande homogeneidade genética *>%°%¢ %8 sendo
necessaria a utilizacdo de varios métodos fenotipicos e genotipicos de tipificacao

associados para uma melhor discriminagao 6%

. Neste contexto, este é o primeiro
estudo utilizando as técnicas de FAFLP e MLST para o mesmo grupo de isolados de S.
Enteritidis.

Dentre as técnicas genotipicas, PFGE tem sido o0 método de escolha, ja que é de
facil reproducdo e bem padronizado, para discriminar isolados de S. Enteritidis e tem
demonstrado maior eficiéncia do que perfil plasmidial ou ribotipificacdo *, contudo nem

sempre consegue distinguir entre fagotipos %8%°

100,101

ou separar isolados nao relacionados
epidemiologicamente , além de ser um método demorado e bastante trabalhoso *.
Outros métodos de tipificagédo, tais como FAFLP e MLST, podem ser utilizados com o
objetivo de minimizar estas limitagées. Os resultados obtidos neste trabalho mostraram
que tanto a FAFLP como a MLST apresentaram um alto poder discriminatério para a
diferenciagdo de S. Enteritidis, indices de diversidade de Simpson de 0,99 e 0,88,
respectivamente, bem como capacidade para discriminar entre isolados de diferentes
sorovares. A FAFLP tem sido utilizada para caracterizagcdo molecular de sorovares de

69,70,48

Salmonella , mostrando maior poder de resolugdo do que PFGE, além de menos

48,73 8

trabalhosa e de facil comparagdo entre laboratérios ®, podendo ser faciimente
utilizada em estudos epidemioldgicos na investigacdo de surtos causados por S.
Enteritidis.

A MLST também tem sido usada para caracterizagdo molecular de Salmonella
88.91.102 o ' uma modificagdo deste método com a inclusdo de genes de viruléncia, além

dos genes constitutivos, com o objetivo do aumento do poder discriminatério e melhor

65



deteccao de pequenas variagées entre isolados, tem mostrado alta capacidade de
diferenciagdo entre sorovares * e contribuido para reducdo de custos, uma vez que
podem ser usados menos genes em um esquema de MLST *2. Os resultados obtidos
com a utilizacdo da MLST mostraram que a inclusdo dos genes de viruléncia ssaQ e
slyA aumentou o poder discriminatério do esquema de MLST proposto. Entretanto,
outros autores obtiveram variabilidade ainda maior utilizando os genes de viruléncia f/iC

e fimA, %%

em diferentes sorovares de S. enterica, 0 que pode ter favorecido este
padrao de diferencga.

Isolados de S. Enteritidis oriundos de quatro outros paises, provavelmente
epidemiologicamente nao relacionados, incluidos neste estudo nao foram discriminados
dos demais isolados de S. Enteritidis por MLST nem por FAFLP. O uso de genes
constitutivos pode nao ser eficiente para distinguir entre isolados com variacao recente
ou linhagens com grande similaridade genética, ressaltando a importancia deste
método para estudos epidemiolégicos mais globais e ndo na investigacao local de
surtos ">®. E importante também a escolha dos genes de viruléncia que fardo parte do
esquema do MLST, priorizando aqueles com maior capacidade de variacao dentro do
mesmo subtipo.

A MLST origina dados de mais facil interpretagcdo e reproducdo por outros
laboratérios °'. J& o FAFLP é descrito como um método répido, facilmente reprodutivel,
que necessita de pouca quantidade de DNA para amplificar fragmentos em diferentes
locais no genoma “4°. Entretanto, esta combinagdo de FAFLP e MLST ainda n&o tinha
sido relatada para investigacdo de isolados de S. Enteritidis até o presente estudo.
Nossos resultados mostraram maior poder discriminatério para FAFLP, entretanto
isolados de mesmo fagotipo e de mesma origem, ndo foram agrupados pelos dois
métodos.

A correta caracterizacdo de isolados envolvidos em surtos causados por
Salmonella Enteritidis € de extrema importdncia para o acompanhamento e para

desenvolvimento de estratégias para controle desta bactéria.
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5. Conclusoes

1-

2-

A FAFLP é um método com alto poder de discriminacdo para diferenciar
Salmonella Enteritidis em estudos epidemioldgicos

A FAFLP e a MLST foram eficientes na discriminacdo de diferentes
sorovares, entretanto ndo foram capazes de agrupar isolados de mesmo
fagotipo, nem distinguir aqueles provavelmente n&o relacionados
epidemiologicamente;

A inclusdao dos genes de viruléncia slyA e ssaQ no esquema de MLST
aumentaram o poder discriminatorio desta técnica para a tipificacdo de S.
Enteritidis.

67



6. Anexo

ScholapCOne hManuscripts Page 1 o’ 1

1] o s ecou | ot stetne soboers | L0 St
ausg Disease

~ Submissien Confrmatken
Yol A e Ieaoad ws as Silvia Glivelrs
S bieninnary
Confirmation

Thenk pon fen b

T pen en Tl L Snnatbe e Belaagess and Semeane

Manusripl [D: FRS 2010 2539

Tl DilesrnlllGn of Saloneiks Cotens o Isolates De FAFLF
Hober, Marcks

Aran. Fauricis

Lmrrminey CArine Alemcer

Ohwaia. Silvia

LL-Jan -2010

SchodaTwc Manuscioos ¥ w21 lcatert TTLEET, 76T 2nd TF.I6EEEL
Foholarme Msusir s s 8 E=cemars
Tar=s 2rd o i

Fo Scbulaiiee. e,
e

St cdatme, Ins Sdiuhanioe in w1 vat
£ Salpda Coms Poveay Sl ey - Gt Hal

Yiedananascripieediral eome Dood o e




7 REFERENCIAS

1 Koneman, E.W.; Allen, S.D.; Dowell, V.R.; Janda, W.M.; Sommers, H.M.; WINN, W.C.
Enterobacteriaceae. In: Color Atlas and Textbook of Diagnostic Microbiology, 62 ed,
Philadelphia, JB Lippincot CO, 2005.

2 Levinson, W, Jawetz, E. 2005. Microbiologia médica e Imunologia. Porto
Alegre:Artmed 72ed.cap.18.

3 Celum CL, Chaisson RE, Rutherford GW, Barnhart JL, Echenberg DF. Incidence of
salmonellosis in patients with AIDS. J Infect Dis. 1987;156:998-1002.

4 Le Minor, L. and Popoff, M.Y. Request for a opinion. Designation of salmonella
enterica sp.nov.rev., as the type and only species of the genus salmonella. Int J Syst
Bacteriol. 1987;37:465-468.

5 Chan K, Baker S, Kim CC, Detweiler CS, Dougan G, Falkow S. Genomic Comparison
of Salmonella enterica Serovars and Salmonella bongori by Use of an S. enterica
Serovar Typhimurium DNA Microarray. J Bacteriol. 2003;185(2):553-563.

6 Tindall BJ, Grimont PAD, Garrity GM, Euzeby JP. Nomenclature and taxonomy of the
genus Salmonella. Int J Syst Evol Microbiol. 2005;55:521-524.

7 CDC-2009. Preliminary FoodNet Data on the Incidence of Infection with Pathogens
Transmitted Commonly Through Food — 10 States, 2008 MMWR, 58, 333-337.

8 Rodrique CD, Tauxe RV, Rowe B. International increase in Salmonella enteritidis: a
new pandemic? Epidemiol Infect. 1990;105:21-27.

9 Patrick ME, Adcock PA, Gomez TM, Altekruse SF, Holland BH, Tauxe RV, Swerdlow
DL. Salmonella Enteritidis Infections, United States, 1985-1999 Emerg Infect Diseases.
2004;10(1):1-7.

10 Crum-Cianflone NF. Salmonellosis and the Gl Tract: More than Just Peanut Butter.
Curr Gastroenterol. 2009;10:424—431.

11 WHO Global Salm-Surv South America Working Group and WHO Global Salm-Surv.
A WHO Gilobal Salm-Surv progress report (2000-2005). Progress report (2000-2005):
building capacity for laboratory-based foodborne disease Atlanta, United States of
America Fev. 2006

12 Silva EM, Duarte A. Salmonella Enteritidis em Aves: retrospectiva no Brasil. Rev
Bras Cienc Avic. 2002;4:85-100.

69



13 Hofer E, Silva Filho SJ, Reis EMF. Prevaléncia de sorovares de Salmonella isolados
de aves no Brasil. Pesq Vet Bras. 1997;17:55-62.

14 Tavechio AT, Fernandes AS, Neves BC, Dias AMG, Irino K. Changing patterns of
Salmonella serovars: increase of Salmonella Enteritidis in Sdo Paulo, Brazil. Rev Inst
Med Trop Sao Paulo. 1996;38(5):315-322.

15 Irino K, Fernandes AS, Tavechio AT, Neves BC, Dias AMG. Progression of
Salmonella Enteritidis phage type 4 strains in Sdo Paulo state. Brazil. Rev Inst Med Trop
Sao Paulo. 1996;38(3):193-196.

16 Peresi JTM. Surtos de enfermidades transmitidas por alimentos causados por
Salmonella Enteritidis. Rev Saude Publica, 1998;32(5):1-13.

17 Tavechio AT, Ghilardi ACR, Peresi JTM, Fuzihara TO, Yonamine EK, Jakabi M,
Fernandes SA. Salmonella serotypes isolated from nonhuman sources in Sdo Paulo,
Brazil, from 1996 through 2000. J Food Protec. 2002;65(6):1041-1044.

18 Fernandes SA, Ghilardi ACR, Tavechio AT, Machado AMO, Pignatari ACC.
Phenotypic and molecular characterization of Salmonella Enteritidis strains isolated in
Sao Paulo, Brazil. Rev Inst Med Trop Sao Paulo. 2003;45:59-63.

19 Alcocer |. Sorotipagem, fagotipagem, caracterizacdo molecular de cepas de
Salmonella spp. e avaliagdo epidemioldgica de surtos ocorridos no Parana de 1999 a
2004. Londrina, 2004, 218 p. Tese (doutorado em Ciéncia de Alimentos), Departamento
de Tecnologia de Alimentos e Medicamentos, Centro de Ciéncias Agrarias,
Universidade Estadual de Londrina (UEL).

20 Brasil. Misisterio da Saude. COVEH/CGDT/DEVEP/SVS/MS) 2008. disponivel em
dta@saude.gov.br.

21 Caffer MI, Eiguer T. Salmonella enteritidis in Argentina. Int J Food Microbiol.
1994;21:15-19.

22 Olive DM, Bean P. Principles and applications of methods for DNA-based typing of
microbial organisms. J Clin Microbiol. 1999; 37:1661-1669.

23 Bennasar A, Luna G, Cabrer B, Lalucat J. Rapid identification of Salmonella
typhimurium, S.enteritidis and S.virchow isolates by polymerase chain reaction based
fingerprinting methods. Internatl Microbiol. 2000;3:31-38.

24 Santos LR, Nascimento VP, Oliveira SD, Rodrigues DP, Reis EMF, Seki LM, Ribeiro
AR, Fernandes SA. Phage types of Salmonella Enteritidis isolated from clinical and food
samples, and from broiler carcasses in Southern Brazil. Rev Inst Med Trop S&o Paulo.
2003;45:1-4.

70



25 Popoff MY, Le Minor L. Antigenic formulas of the Salmonella serovars, 7th revision.
WHO Collaborating Centre for Reference and Research on Salmonella. Institute
Pasteur, Paris, France, 1997.

26 Popoff MY, Bockemuhl, J, Gheesling LL. “Supplement 2002 (no. 46) to the
Kauffmann-White scheme. Res Microbiol. 2004;155:568-570.

27 Cooke FJ, Brown DJ, Fookes M, Pickard D, Ilvens A, Wain J, Roberts M, Kingsley
RA, Thomson NR, Dougan D. Characterization of the Genomes of a Diverse Collection
of Salmonella enterica Serovar Typhimurium Definitive Phage Type 104. J Bacteriol.
2008;190(24):8155-8162.

28 Burr MD, Josephson KL, Pepper IL. An evaluation of DNA-based methodologies for
subtyping Salmonella. Crit Rev Environ Sci Technol. 1998; 28:283-323.

29 Santos LR, Nascimento VP, Oliveira SD, Rodrigues DP, Reis EMF, Seki LM, Ribeiro
AR, Fernandes S. Phage Types of Salmonella Enteritidis Isolated from Clinical and Food
Samples, and from Broiler Carcasses in Southern Brazil. Rev Inst Med Trop Sao Paulo.
2003;45(1):1-4.

30 Olsen JE, Skov,MN, Threlfall EJ, Brown DJ. Clonal lines of Salmonella enterica
serotype Enteritidis documented by 1S200-, ribo-, pulsed-field gel electrophoresis and
RFLP typing. J Med Microbiol. 1994;40:15-22.

31 Helmuth R, Schroeter A. Molecular typing methods for S. enteritidis. Intern. J Food
Microbiol. 1994;21:69-77.

32 Arbeit RD. Laboratory procedures for epidemiologic analysis of microorganisms. In:
Murray, P.R.; Baron, E.J.; Pfaller, M.A.; Tenover, F.C.; Yolken, R.H. Manual of Clinical
Microbiology. Washington, DC: American Society for Microbiology.1995. p.190-208.

33 Foley SL, Zhao S, Walker RD. Comparison of molecular typing methods for the
differentiation of Salmonella foodborne pathogens. Foodborne Pathog Dis. 2007;4:253-
276.

34 Ward LR, De Sa JDH, Rowe B. A phage-typing scheme for Salmonella enteritidis.
Epidemiol Infect. 1987;99:291-294.

35 Hickman-Brenner FW, Stubbs AD, Farmer JJ. Phage Typing of Salmonella enteritidis
in the United States. J Clin Microbiol. 1991;29(12):2817-2823.

36 Ridley AM, Threlfall EJ, Rowe B. Genotypic Characterization of Salmonella enteritidis

Phage Types by Plasmid Analysis, Ribotyping, and Pulsed-Field Gel Electrophoresis. J
Clin Microbiol. 1998;36:2314—-2321.

71



37 Liebana EC, Clouting L, Garcia-Migura FA, Clifton-Hadley E, Lindsay EJ, Threlfall
RH, Davies R. Multiple genetic typing of Salmonella Enteritidis phage-types 4, 6, 7, 8
and 13a isolates from animals and humans in the UK. Vet Microbiol. 2004;100:189-195.

38 Velge P, Cloeckaert A, Barrow P. Emergence of Salmonella epidemics: The
problems related to Salmonella enterica serotype Enteritidis and multiple antibiotic
resistance in other major serotypes. Vet Res 2005;36:267—-288.

39 Poppe C, McFadden KA, Brouwer AM, Demczuk W. Characterization of Salmonella
enteritidis Strains. Can J Vet Res. 1993;57:176-184.

40 Alcocer |, Oliveira KMP, Vidotto MC, Oliveira TCRM. 2006. Discriminagdo de
sorovares de Salmonella spp. I1solados de carcacas de frango por REP e ERIC-PCR e
fagotipagem do sorovar enteriditis' Cienc Tecnol Aliment. 2006;26(2):414-420.

41 Kottwitz LBM, Oliveira TCRM, Alcocer |, Farah SMSS, Abrahdo WSM, Rodrigues DP.
Avaliacdo epidemioldgica de surtos de salmonelose ocorridos no periodo de 1999 a
2008 no Estado do Parana, Brasil. Acta Sci Health Sci. 2010;32:9-15.

42 Martins CHG, Santos VR, Castro FA, Fernandes AS, Martinez R. Ribotyping of
Salmonella Enteritidis strains reveals the spread of a single genotype in the Brazilian city
of Ribeirdo Preto. J Bras Patol Med Lab 2006;42 (1):19-23.

43 Betancor L, Schelotto F, Martinez A, Pereira M, Algorta G, Rodriguez MA, Vignoli R,
Chabalgoity JA. Random Amplified Polymorphic DNA and Phenotyping Analysis of
Salmonella enterica Serovar Enteritidis Isolates Collected from Humans and Poultry in
Uruguay from 1995 to 2002. J Clin Microbiol. 2004;42:1155-1162.

44 Boyd EF, Wang F, Whittam TS, Robert K, Selander RK. Molecular Genetic
Relationships of the Salmonellae. Appl Environ Microbiol. 1996;62:804—-808.

45 Fernandez J, Fica A, Ebensperger G, Calfullan H, Prat S, Fernandez A, Alexandre M,
Heitmann |. Analysis of Molecular Epidemiology of Chilean Salmonella enterica
Serotype Enteritidis Isolates by Pulsed-Field Gel Electrophoresis and Bacteriophage
Typing. J Clin Microbiol. 2003;41:1617-1622.

46 Oliveira SD, Bessa MC, Santos LR, Cardoso MRI, Brandelli A, Canal CW.
Phenotypic and Genotypic Characterization of Salmonella Enteritidis Isolates. Braz J
Microbiol. 2007;38:720-728.

47 Scott F, Threlfall J, Stanley J, Arnold C. Fluorescent amplified fragment length
polymorphism genotyping of Salmonella Enteritidis: a method suitable for rapid outbreak
recognition. Clin Microbiol Infect. 2001;7:479-485.

48 Desai M, Threlfall EJ, Stanley J. Fluorescent Amplified-Fragment Length

Polymorphism Subtyping of the Salmonella enterica Serovar Enteritidis Phage Type 4
Clone Complex. J Clin Microbiol. 2001;39: 201-206.

72



49 Kotetishvili M, Stine OC, Kreger A, Glenn Morris JJr, Sulakvelidze A. Multilocus
Sequence Typing for Characterization of Clinical and Environmental Salmonella Strains.
J Clin Microbiol. 2002;40:1626—1635.

50 Fakhr MK, Nolan LK, Logue CM. Multilocus Sequence Typing Lacks the
Discriminatory Ability of Pulsed-Field Gel Electrophoresis for Typing Salmonella enterica
Serovar Typhimurium. J Clin Microbiol. 2005;43:2215-2219.

51 Sukhnanand S, Alcaine S, Warnick LD, Su WL, Hof J, Craver MPJ, McDonough P,
Boor KJ, Wiedmann M. DNA Sequence-Based Subtyping and Evolutionary Analysis of
Selected Salmonella enterica Serotypes. J Clin Microbiol. 2005;43(8):3688—3698.

52 Alcaine SD, Soyer Y, Warnick LD, Su WL, Sukhnanand S, Richards J, Fortes ED,
McDonough P, Root TP, Dumas NB, Grohn Y, Wiedmann M. Multilocus Sequence
Typing supports the hypothesis that cow- and human associated Salmonella isolates
represent distinct and overlapping populations. Appl Environ Microbiol. 2006;72:7575-
7585.

53 Winokur PL. Molecular epidemiological techniques for Salmonella strain
discrimination. Front Biosci 2003; 8:14-24.

54 Streck AF, Vaz CSL, Marks FS, Oliveira SD, Cardoso MRI, Canal CW. Analise do
poder discriminatério da SE-AFLP para Salmonella Enteritidis frente a outras técnicas
fenotipicas e genotipicas. Acta Scientiae Vet. 2007;35:73-78.

55 Bouchet V, Huot H, Goldstein R. Molecular Genetic Basis of Ribotyping. Clin
Microbiol Rev. 2008;21(2):262—-273.

56 Martins CHG, Santos VR, Castro FA, Fernandes SA, Martinez R. Ribotyping of
Salmonella Enteritidis strains reveals the spread of a single genotype in the Brazilian city
of Ribeirdo Preto. J Bras Patol Med Lab. 2006;42(1):19-23.

57 Clark CG, Kruk TMAC, Bryden L, Hirvi Y, Ahmed R, Rodgers FG. Subtyping of
Salmonella enterica Serotype Enteritidis Strains by Manual and Automated Pstl-Sphl
Ribotyping. J Clin Microbiol. 2003;41(1):27-33.

58 Cho S, Boxrud DJ, Bartkus JM, Whittam TS, Saeed M. Multiple-locus variable-
number tandem repeat analysis of Salmonella Enteritidis isolates from human and non-
human sources using a single multiplexPCR. FEMS Microbiol Lett. 2007;275:16—23.

59 Miljkovic-Selimovic B, Babic T, Kocic B, Stojanovic P, Ristic L, Dinic M. Plasmid
profile analysis of Salmonella enterica serotype enteritidis. Acta Medica Medianae.
2008;47(2):54-57.

60 Stubbs AD, Hickman-Brenner FW, Cameron DN, Farmer JJIIl. Differentiation of
Salmonella enteritidis phage type 8 strains: evaluation of three additional phage typing

73



systems, plasmid profiles, antibiotic susceptibility patterns, and biotyping. J Clin
Microbiol. 1994;32:199-201.

61 Liebana E, Guns D, Garcia-Migura L, Woodward MJ, Clifton-Hadley FA, Davies RH
Molecular Typing of Salmonella Serotypes Prevalent in Animals in England: Assessment
of Methodology. J Clin Microbiol. 2001;39(10):3609—-3616.

62 Schwartz DC, Cantor C.R. Separation of yeast chromosomesized DNAs by pulsed-
field gradient gel electrophoresis. Cell. 1984;37:67—75.

63 Eriksson J, Loéfstrdom C, Aspan A, Gunnarsson A, Karlsson |, Borch E, Jong B,
Winocur PR. Comparison of genotyping methods by application to Salmonella
livingstone strains associated with an outbreak of human salmonellosis.
Int J Food Microbiol. 2005;1045:93-103.

64 Gaul SB, Wede S, Erdman MM, Harris DL, Harris IT, Ferris KE, Hoffman L. Use of
Pulsed-Field Gel Electrophoresis of Conserved Xbal Fragments for Identification of
Swine Salmonella Serotypes. J Clin Microbiol. 2007;45(2):472—-476.

65 Vos P, Hogers R, Bleeker M, Reijans M, Lee T, Hornes M, Frijters A, Pot J, Peleman
J, Kuiper M, Zabeau M. AFLP: a new technique for DNA fingerprinting. Nucleic Acids
Res. 1995;23:4407-4414

66 Achtman M. A Phylogenetic Perspective on Molecular Epidemiology. In: Molecular
Medical Microbiology. Academic Press, San Diego. 2001. p.485-509.

67 Janssen P, Coopman R, Huys G, Swings J, Bleeker M, VOS P, Zabeau M, Kersters
K. Evaluation of the DNA fingerprinting method AFLP as a new tool in bacterial
taxonomy. Microbiol. 1996;142:1881-1893.

68 Savelkoul PHM, Aarts HIM, De Haas J, Dijkshoorn L, Duim B, Otsen M, Rademaker
JLW, Schouls L, Lenstra JA. Amplified-Fragment Length Polymorphism Analysis:the
State of an Art. J Clin Microbiol. 1999;37:3083-3091.

69 Aarts HJM, van Lith LAJT, Keijer J. High-resolution genotyping of Salmonella strains
by AFLP-fingerprinting. Lett Appl Microbiol. 1998;26:131-135.

70 Lindstedt BA, Heir E, Vardund T, Kapperud G. Fluorescent Amplified-Fragment
Length Polymorphism Genotyping of Salmonella enterica subsp. enterica Serovars and
Comparison with Pulsed-Field Gel Electrophoresis Typing. J Clin  Microbiol.
2000;38:1623-1627.

71 Peters TM, Threfall EJ. Single-enzyme amplified fragment length polymorphism and
its applicability for Salmonella epidemiology. Syst Appl Microbiol. 2001;24:400-404.

74



72 Goulding JN, Stanley J, Saunders N, Arnold C. Genome-sequence-based fluorescent
amplified-fragment length polymorphism analysis of Mycobacterium tuberculosis. J Clin
Microbiol. 2000;38:1121-1126.

73 Scott F, Threlfall J, Arnold C. Genetic structure of Salmonella revealed by fragment
analysis. Intern. J.Systematic.Evolut. Microbiol.2002;52:1701-1713.

74 Mortimer P, Arnold C. FAFLP: last word in microbial genotyping. J Med Microbiol.
2001;50:393-395.

75 Foley SL, Lynne AM, Nayak R. Molecular typing methodologies for microbial source
tracking and epidemiological investigations of Gram-negative bacterial foodborne
pathogens. Infec Genet Evol. 2009;9:430—440.

76 Kassama Y, Rooney PJ, Goodacre R. Fluorescent amplified fragment length
polymorphism probabilistic database for identification of bacterial isolates from urinary
tract infections. J Clin Microbiol. 2002;40: 2795-2800.

77 Lindstedt BA, Heir E, Vardund T, Kapperud G. Fluorescent Amplified-Fragment
Length Polymorphism Genotyping of Salmonella enterica subsp. enterica Serovars and
Comparison with Pulsed-Field Gel Electrophoresis Typing. J Clin  Microbiol.
2000;38:1623-1627.

78 Akiba M, Uchida I, Nishimori K, Tanaka K, Anzai T, Kuwamoto Y, Wada R, Ohya T,
Ito H. Comparison of Salmonella entérica serovar Abortusequi isolates of equine origin
by pulsed-field gel electrophoresis and fluorescent amplified-fragment length
polymorphism figerprinting. Vet Microbiol. 2003; 92:379-388.

79 Selander RK, Dominique L, Caugant A, Ochman H, Musser JM,Gilmour MN, Whittam
TS. Methods of multilocus enzyme electrophoresis for bacterial population genetics and
systematics. Appl Environ Microbiol. 1986;51(5):873-884.

80. Beltran P, Plock SA, Smith NH, Whittan T S, Old DC, Selander RK. Reference
collection of strains of the Salmonella typhimurium complex from natural populations. J
Gen Microbiol. 1991; 137, 601-606.

81 Boyd EF, Wang FS, Beltran P, Plock SA, Nelson K, Selander RK. Salmonella
reference collection B (SARB): strains of 37 serovars of subspecies I. J Gen Microbiol.
1993;139:1125-1132.

82 Torpdahl M, Ahrens P. Population structure of Salmonella investigated by amplified
fragment length polymorphism. J Appl Microbiol. 2004; 97:566-573.

83 Enright MC, Spratt BG. A multilocus sequence typing scheme for Streptococcus

pneumoniae: identification of clones associated with serious invasive disease. Microbiol.
1998;144:3049-3060.

75



84 Heym B, Moal ML, Lefevre LA, Nicolas-Chanoine MH. Multilocus sequence typing
(MLST) shows that the ‘Iberian’ clone of methicillin-resistant Staphylococcus aureus has
spread to France and acquired reduced susceptibility to teicoplanin. J Antim Chem.
2002;50:323-329.

85 Salcedo C, Arreaza L, Alcala B, Fuente L de la, Vazquez JA. Development of a
Multilocus Sequence Typing Method for Analysis of Listeria monocytogenes Clones. J
Clin Microbiol. 2003 41:757-762.

86 Meats E, Feil EJ, Stringer S, Cody AJ, Golstein R, Kroll JS, Popovic T, Spratt BG
Characterization of encapsulated and noncapsulated Haemophilus influenzae and
determination of phylogenetic relationships by multilocus saquence typing. J Clin
Microbiol. 2003;41:1623-1636.

87 Maiden MCJ, Bygraves JA, Feil E, Morellis G, Russel JE, Urwin R, Zhang Q, Zhou J,
Zurth K, Caugant DA, Feavers IA, Achtman M, Spratt BG. Multilocus sequence typing: a
portable approach to the identification of clones within populations of pathogenic
microorganisms. Proc Natl Acad Sci USA. 1998;95:3140-3145.

88 Harbottle H, White DG, McDermott PF, Walker RD, Zhao S. Comparison of
Multilocus Sequence Typing, Pulsed-Field Gel Electrophoresis, and Antimicrobial
Susceptibility Typing for Characterization of Salmonella enterica Serotype Newport
Isolates J Clin Microbiol. 2006;44(7):2449-2457.

89 Cooper JE, Feil EJ. Multilocus sequence typing—what is resolved? Trends Microbiol.
2004;12:373-377.

90 Tankouo-Sandjong B, Sessitsch A, Liebana E, Kornschober C, Allerberger F, Hachler
H, Bodrossy L. MLST-v, multilocus sequence typing based on virulence genes, for
molecular typing of Salmonella enterica subsp. Enterica serovars. J Microbiol Meth.
2007;69:23-36.

91 Torpdahl M, Skov MN, Sandvang D, Baggesen DL. Genotypic characterization of
Salmonella by multilocus sequence typing, pulsed-field gel electrophoresis and amplified
fragment length polymorphism. J Microbiol. Meth. 2005;63(2):173-184.

92 De Jong B, Ekdahl K. The comparative burden of salmonellosis in the European
Union member states, associated and candidate countries. BMC Public Health.
2006:6:1-9.

93 Sockett PN. The economic implications of human Salmonella infection. J Appl
Bacteriol. 1991;71:289-95.

94 Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C, Griffin PM, Tauxe

R.V. Food-related illness and death in the United States. Emerg Infect Diseases.
1999;5:607-625.

76



95 Stanley J, Goldsworthy M, Threlfall EJ. Molecular phylogenetic typing of pandemic
isolates of Salmonella enteritidis. FEMS Microbiol Lett. 1992;90,153-160.

96 Saeed AM, Walk ST, Arshad M, Whittam TS: Clonal structure and variation in
virulence of Salmonella enteritidis isolated from mice, chickens, and humans. J AOAC
Int. 2006; 89:504-511.

97 Ruiz M, Rodriguez JC, Sirvent E, Escribano I, Cebria, Royo usefulness of different
techniques in the study of the epidemiology of salmonellosis. APMIS 2003;111: 848-56.

98 Thong KL, Cordano AM, Yassin RM, Pang AT. Molecular Analysis of Environmental
and Human Isolates of Salmonella typhi. Appl Environ Microbiol. 1996;62:271-274.

99 Ahmed R, Soule G, Demczuk WH, Clark C, Khakhria R, Ratnam S, Marshall S, Ng
LK, Woodward DL, Johnson WM, Rodgers AFG. Epidemiologic Typing of Salmonella
enterica Serotype Enteritidis in a Canada-Wide Outbreak of Gastroenteritis due to
Contaminated Cheese. J Clin Microbiol. 2000;38:2403-2406.

100 Lukinmaa S, Schildt R, Rinttila T, Siitonen A. Salmonella Enteritidis Phage Types 1
and 4: Pheno- and Genotypic Epidemiology of Recent Outbreaks in Finland J Clin
Microbiol. 1999;37(7):2176-2182.

101 Pang JC, Chiu TH,Chiou CS, Schroeter A, Guerra B, Helmuth R, Tsen HY. Pulsed-
field gel electrophoresis, plasmid profiles and phage types for the human isolates of
Salmonella enterica serovar Enteritidis obtained over 13 years in Taiwan J Appl
Microbiol 2005;99:1472—-1483

102 Octavia S, Lan R. Frequent recombination and low level of clonality within
Salmonella enterica subspecies |. Microbiol. 2006;152:1099-1108.

77



