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RESUMO

Salmonella € uma das principais causas de Doencas Transmitidas por
Alimentos em todo o mundo, sendo que no Estado do Rio Grande do Sul (RS) esse
microrganismo tem sido apontado como um dos principais agentes de toxinfeccdes
alimentares nos ultimos anos. Neste trabalho foram caracterizados isolados de
Salmonella envolvidas em salmoneloses ocorridas no RS, no periodo de 2007 a
2013. Entre os 163 isolados investigados, 138 (84,7%) foram sorotipificados com S.
Enteritidis, enquanto os outros isolados foram S. Schwarzengrund (n =9 — 5,5 %), S.
Typhimurium (n = 6 — 3,7%), S. Infantis (n =1 - 0,6 %), S. Agona (n =1 - 0,6 %), S.
Derby (n=1-0,6 %), S. London (n=1-0,6 %), S. Give (n=1-0,6 %), S. Panama
(n=1-0,6 %) e S. enterica (n =4 — 2,5 %). Os principais alimentos envolvidos nos
surtos foram maionese caseira (17,39%), seguido dos produtos de confeitaria (15,94
%) e carnes (12,32 %). A resisténcia da S. Enteritidis a 12 agentes antimicrobianos
também foi investigada. As maiores porcentagens de resisténcia foram encontradas
em relacdo a nitrofurantoina (94,2 %) e ao acido nalidixico (89,1 %). A resisténcia
para duas drogas foi verificada em 80,43 % dos isolados. Sendo que a
multirresisténcia para trés ou cinco antimicrobianos foi verificada em quatro e dois
isolados, respectivamente. Quando os isolados foram submetidos a PCR-
Ribotipificagdo, apenas um perfil de bandas foi identificado. Os resultados de PCR-
Ribotipificagdo sugerem que uma mesma cepa de S. Enteritidis foi isolada a partir de
alimentos envolvidos em salmoneloses ocorridas em diferentes municipios do
Estado do RS no periodo de 2007 a 2013. Uma vez que o mesmo perfil de bandas
foi identificado em S. Enteritidis causadoras de salmoneloses, durante 1999 a 2006,
os resultados indicam que a mesma cepa de S. Enteritidis tem causado surtos

alimentares no RS, durante o periodo de 1999 a 2013.

Palavras-chaves: Salmonella, surtos alimentares, resisténcia, PCR-ribotipificacao,
sul do Brasil.



ABSTRACT

Salmonella is a major cause of Foodborne Diseases worldwide, and in the State of
Rio Grande do Sul (RS) this microorganism has been identified as the main agent of
foodborne diseases in last years. In this work, Salmonella isolates responsible for
salmonellosis occurred in the State of RS, in the period 2007 to 2013 were
characterized. Among the 163 isolates investigated, 138 (84.7 %) were serotyped as
S. Enteritidis, whereas the other isolates were S. Schwarzengrund (n =9 — 5.5 %), S.
Typhimurium (n =6 — 3.7 %), S. Infantis (n =1 - 0.6 %), S. Agona (n =1 — 0.6 %), S.
Derby (n =1 - 0.6%), S. London (n =1 - 0.6 %), S. Give (h =1 - 0.6 %), S. Panama
(n=1- 0.6 %) and S. enterica (n = 4 — 2.5 %). The main food vehicles identified
were homemade mayonnaise (17.39 %), followed by pastry products (15.94 %) and
beef (12.32 %). The S. Enteritidis resistance to 12 antimicrobial agents was
investigated. The highest percentages of resistance were found to nitrofurantoin
(94.2 %) and nalidixic acid (89.1 %). The resistance to two different drugs was
observed in 80.43 % of the isolates. Multidrug-resistance for three to five
antimicrobials was observed in four and two isolates, respectively. When the isolates
were analysed by PCR-Ribotyping, only one banding profile was identified. The
results of PCR-Ribotyping suggest that the same strain of S. Enteritidis was isolated
from foods involved in salmonelloses occurred in different municipalities of the State
of RS in the period 2007-2013. Since the same banding pattern was found in strains
involved in salmonellosis outbreaks of 1999 to 2006, results indicated that the same
strain of S. Enteritidis has caused salmonellosis outbreaks in RS, during the period of
1999 to 2013.

Keywords: Salmonella, salmonellosis outbreaks, resistance, PCR-Ribotyping,

Southern Brazil.
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CAPITULO 1



1 INTRODUCAO

Salmonella € um dos principais microrganismos causadores de Doencas
Transmitidas por Alimentos (DTA), em diversos paises (HUGHES et al.,, 2007;
GREIG & RAVEL, 2009; OLIVEIRA et al., 2010a), sendo responsavel por inUmeros
problemas de saude publica e significativas perdas econémicas. No Brasil, esse
microrganismo tem sido o principal causador de DTA nos ultimos anos e, no Estado
do Rio Grande do Sul (RS), a Divisdo de Vigilancia Sanitaria (DVS/SES/RS) também
tem apontado a Salmonella como o agente etioldégico responsavel pelo maior
namero de surtos alimentares na ultima década (TONDO & RITTER, 2012). No
periodo de 1999 a 2006, as Salmonella foram responsaveis por muitos surtos
alimentares no RS (OLIVEIRA et al., 2006; MALHEIROS et al., 2007; WELKER et
al., 2010; DE PAULA et al., 2011), sendo que o sorovar S. Enteritidis causou mais de
90% dos surtos. Um fato interessante € que o maior numero de surtos ocorreu na
primavera e ndo no veréo e os alimentos mais comumente envolvidos foram aqueles
preparados a base de ovos, principalmente a maionese caseira (TONDO & RITTER,

2012).

Estudos indicam que um unico clone de S. Enteritidis ou cepas intimamente
relacionadas deste microrganismo estiveram envolvidas em surtos alimentares
ocorridos no RS, entre 1999 e 2006, uma vez que as cepas isoladas apresentaram
semelhantes perfis quando analisadas por PFGE (Eletroforese do Campo Pulsado),
sequenciamento e PCR—-Ribotipificacio (MURMANN et al., 2008; OLIVEIRA et al.,

2009; OLIVEIRA et al., 2010b).



Segundo pesquisas anteriores, a resisténcia aos antimicrobianos das cepas
de S. Enteritidis causadoras de surtos no RS tem aumentado significativamente.
Diferentes antimicrobianos tém sido analisados e os resultados demonstram o
aumento da resisténcia a ampicilina e, principalmente, ao acido nalidixico (OLIVEIRA

et al., 2010b; DE PAULA et al., 2011).

Dentro deste contexto, a caracterizacao sistematica ao longo dos anos das
cepas de Salmonella envolvidas em surtos alimentares do RS assume um papel de
grande importancia, uma vez que permite o maior conhecimento das caracteristicas

desses microrganismos, possibilitando estabelecer estratégias de prevencao.

Como forma de colaboragéo cientifica e de promocao da saude publica, o
Laboratério de Microbiologia e Controle de Alimentos do ICTA/UFRGS, a Divisédo de
Alimentos da Vigilancia Sanitaria Estadual (CEVS) e o Laboratério Central do RS
(FEPPS/IPB/LACEN/RS) vém estudando os surtos de salmonelose ocorridos no
Estado desde 1997 até 2006 (CONSTALUNGA & TONDO, 2002; SILVEIRA &
TONDO, 2006; DE PAULA et al., 2011). No intuito de dar continuidade ao estudo
desse importante patégeno, o presente trabalho tem por objetivo caracterizar cepas
de Salmonella envolvidas em surtos alimentares ocorridos no RS, entre os anos de

2007 a 2013.



1.1 OBJETIVOS
1.1.1 OBJETIVO GERAL

- Caracterizar os isolados de Salmonella envolvidos em surtos alimentares

ocorridos no Estado do Rio Grande do Sul, entre os anos de 2007 a 2013.

1.1.2. OBJETIVOS ESPECIFICOS

- Analisar e compilar os dados dos formularios de investigacao e analise de

isolados de Salmonella originados pela FEPPS/IPB/LACEN/RS;

- Analisar os principais sorovares de Salmonella envolvidos nos surtos, a

resisténcia a antimicrobianos e o0s principais alimentos envolvidos nos surtos;

- Caracterizar por PCR-Ribotipificacdo os isolados do principal sorovar de

Salmonella identificado pelas andlises da FEPPS/IPB/LACEN/RS.



1.2 REVISAO BIBLIOGRAFICA

1.2.1 SALMONELLA — CARACTERISTICAS GERAIS

As bactérias do género Salmonella pertencem a familia Enterobacteriaceae;
sdo pequenos bastonetes Gram negativos, ndo produzem esporos, anaerobios
facultativos, ndo fermentadores da lactose, amplamente distribuidos na natureza

(FRANCO & LANDGRAF, 2004; JAY, 2005).

Salmonella sdo consideradas potencialmente patogénicas, sendo o grau de
viruléncia dependente da propria linhagem, do hospedeiro e do meio ambiente. Tém
o homem ou os animais como principais reservatorios (JAY, 2005; FORSYTHE,

2013).

O pH o6timo para a sua multiplicacdo encontra-se proximo de neutralidade,
sendo que valores superiores a 9,0 e inferiores a 4,0 sdo considerados bactericidas
(JAY, 2005; FORSYTHE, 2013). Colbnias tipicas desse microrganismo sdo capazes

de se formar em 24 hs a 37°C (JAY, 2005).

Outro fator que afeta sua multiplicacdo € a atividade de agua (ay). Em relagcéo
a isso, a inibicdo do crescimento é observada em valores menores que 0,94 em
meios com pH neutro, e as Salmonella podem sobreviver por até mais de um ano
em alimentos com baixa ay, sendo o valor 6timo para o crescimento é de 0,95 (JAY,

2005; GERMANO & GERMANO, 2008; FORSYTHE, 2013).



1.2.2 CARACTERISTICAS BIOQUIMICAS E SOROLOGICAS

Apés o isolamento a partir de amostras biolégicas, aconselha-se a
caracterizacdo bioquimica e sorolégica das Salmonella a fim de identifica-las com
maior precisdo. Tais procedimentos sdo muito importantes em vista da necessidade
de confirmacdo da presenca desse microrganismo em determinada amostra,
evitando resultado falso positivo ocasionado em virtude de outros microrganismos
presentes. As principais caracteristicas bioquimicas da Salmonella s&o: a
capacidade de reduzir nitratos a nitritos, a producdo de gas a partir da glicose, a
utilizacdo do citrato como fonte de carbono, a fermentacédo de dulcitol e inositol, a
producdo de sulfeto de hidrogénio (H,S) em meios como o TSI, o LIA e 0 SIM e
reacoes de descarboxilacéo de lisina, ornitina e arginina, usualmente positivas. Nao
apresenta também, atividade de hidrdlise da ureia e ndo fermenta lactose, sacarose,

salicina e rafinose (POPOFF & LE MINOR, 1997; POPOFF et al., 2003).

A tipificacdo sorologica é realizada apdés a classificacdo bioquimica das
Salmonella. Em virtude da grande variedade de sorovares de Salmonella
identificados, a caracterizacdo soroldgica desses microrganismos assume papel
muito importante na investigacdo epidemiolégica de surtos de salmoneloses
alimentares. Atualmente, sabe-se que parcelas significativas de surtos sdo causados
por sorovares especificos, principalmente por representantes de Salmonella
Enteritidis (S. Enteritidis) e Salmonella Typhimurium (S. Typhimurium) (JAY, 2005;

DE PAULA et al., 2011).



1.2.3 CLASSIFICACAO TAXONOMICA

A taxonomia do género Salmonella € baseada na composicdo de seus
antigenos de superficie, os quais sdo antigenos somaticos (O), flagelares (H) e
capsulares (Vi). Este esquema de classificacdo proposto por Kauffmann (1972)
divide o género Salmonella em sorovares. No caso, 0 género Salmonella estaria
dividido em duas espécies (S. enterica e S. bongori) e em mais de 2.600 sorovares

(GRIMONT & WEILL, 2007; JAY, 2005; FORSYTHE, 2013).

A subespécie enterica agrupa as salmonelas associadas as infeccdes
(principalmente gastroenterites) em humanos e animais de sangue quente, enquanto
as demais subespécies e S. bongori sdo encontradas em animais de sangue frio e

no meio ambiente (SANT’ANA et al., 2008; FORSYTHE, 2013).

Além da formula antigénica, a maior parte dos sorovares sdo denominados
conforme a sindrome relacionada (Typhi, Paratyphi, etc.), hospedeiro especifico
(Abortusovis, Abortusequi, Cholerasuis, entre outros) ou origem geografica dos
primeiros isolamentos (London, Panama, Canada, etc.). Apesar da variedade,
menos de 50 sorovares sao realmente prevalentes e frequentemente isolados

infeccbes em humanos e animais (JAY, 2005).

1.2.4 SALMONELOSES

As doencas causadas por Salmonella spp. s&o conhecidas como
salmoneloses e podem ser divididas em trés grupos: a febre tiféide, causada por

Salmonella Typhi (S. Typhi), as febres entéricas, causadas por Salmonella Paratyphi



(A, B e C) e as enterocolites, causadas pelas demais Salmonella (JAY, 2005;

FORSYHTE, 2013).

A febre tifoide s6 acomete o homem e, normalmente, € transmitida por
alimentos ou agua contaminada com material fecal humano. O reservatorio de S.
Typhi € o homem e, em casos onde algumas pessoas podem se tornar portadores
assintomaticos, estes sdo considerados a principal fonte de contaminacdo de
alimentos e aguas. A febre entérica € muito semelhante a febre tiféide, porém
apresenta sintomas mais brandos, 0os quais podem persistir por até trés semanas, ao
contrario da febre tiféide que pode persistir por até nove semanas (FORSYTHE,

2013).

Os sintomas da febre tiféide sdo causados pelo lipopolissacarideo (LPS), que
induz uma resposta inflamatéria local durante a invasdo da mucosa (FORSYTHE,
2013). Ao contrario da S. Typhi, ndo se sabe ao certo se as linhagens que causam
doencas de origem alimentar (S. Enteritidis e S. Typhimurium) estdo no interior dos
macréfagos do figado e do baco. Os sintomas das gastroenterites resultam,
provavelmente, da invasdo das células da mucosa. S. Typhi causa uma infeccao
sistémica, enquanto patdégenos entéricos tais como S. Typhimurium raramente

penetram além dos tecidos submucosos (JAY, 2005).

A doenca mais comumente causada por Salmonella spp., a enterocolite
resultante também da ingestao de alimentos ou agua contaminada, € uma das mais

frequentes infec¢cbes de origem alimentar no mundo inteiro (FORSYTHE, 2013).

Apesar da enterocolite ser a mais branda das manifestacbes causadas por

Salmonella spp., a alta frequéncia dos casos é responsavel por milhares de mortes



todo ano. Somente nos Estados Unidos (EUA), estima-se que 800 a 4000 mortes
ocorram devido a salmonelose (FORSYTHE, 2013). Os sintomas mais comumente
associados as enterocolites sdo as diarreias sanguinolentas, vomitos, febre, dores
abdominais e desidratacdo, podendo resultar em morte (JAY, 2005; FORSYTHE,

2013; TONDO & BARTZ, 2014).

Tais enfermidades tém sido responsaveis por grandes problemas de saude
publica e prejuizos econémicos decorrentes de tratamento dos casos clinicos, do
recolhnimento de lotes de alimentos contaminados ou do impacto sobre a
confiabilidade dos consumidores frente aos produtos de marcas envolvidas com
surtos de salmonelose (HUGHES et al., 2007; GREIG & RAVEL, 2009; OLIVEIRA et

al., 2010a).

No RS, as salmoneloses foram responsaveis por inumeros casos de
hospitalizacbes entre os anos de 1997 a 2004, atingindo um elevado namero de
pessoas envolvidas. O maior numero de salmonelose ocorreu na primavera, e este
fato pode ser explicado por refrigeracdo inadequada dos alimentos durante esta
temporada apresentando temperaturas amenas. As faixas etarias mais afetadas
foram aquelas entre 16 e 50 anos, e o0 alimento mais comum foi salada de batata
feita com maionese caseira preparada com ovos crus. O segundo alimento envolvido
foi o grupo das carnes e derivados. A maioria dos surtos de salmonelose no RS,
ocorreu nas residéncias, e em segundo lugar estdo os servicos de alimentacdo. A
incidéncia entre homens e mulheres foi praticamente a mesma durante o periodo de

1997 a 2004 (TONDO & RITTER, 2012).
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1.2.5 CONTROLE DAS SALMONELOSES

O controle de infec¢cdes por Salmonella spp. deve ser feito através de
padrées de higiene aplicados nos setores de alimentacdo, além da utilizacdo de
recursos durante o processamento dos alimentos, como por exemplo, a utilizacédo de
tratamentos térmicos, técnicas de exclusdo competitiva, utilizacdo de acidos

organicos, entre outros (JAY, 2005).

Orgaos relacionados a satde publica, assim como laboratdrios prestadores
de servicos contribuem para a prevencao de salmoneloses, buscando identificar as
possiveis falhas ocorridas desde a producdo até o consumo dos alimentos
(WELKER et al., 2010). Entretanto, os métodos tradicionalmente utilizados muitas
vezes ndo sdo capazes de realizar tal tarefa devido aos limites de deteccéo
(sensibilidade) ou capacidade de discriminacdo entre Salmonella spp. e outros

microrganismos ou mesmo entre diferentes linhagens desta mesma bactéria.

Além disso, o sistema de saude publica necessita de métodos que auxiliem
na identificacdo das fontes de contaminacdo de microrganismos patogénicos, além
de estudos de incidéncia, nivel endémico, prevaléncia e evolucdo de surtos que

venham acometer uma determinada localidade.

Para o sucesso destes objetivos, é necessario a utilizacdo de técnicas que
tenham a capacidade de discriminar linhagens relacionadas ou n&o relacionadas
epidemiologicamente, ou seja, correlacionar microrganismos isolados de locais e
fontes distintas. Dentre as técnicas aplicadas na investigacdo de surtos alimentares

causados por Salmonella spp., os métodos moleculares tém demonstrado muito
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bons resultados, devido seu alto poder de discriminacdo (LANDERAS & MENDOZA,

1998).

1.2.6 CARACTERIZACAO GENOTIPICA DE MICRORGANISMOS

De modo geral, o envolvimento de linhagens especificas nos surtos de
salmonelose indica que essas linhagens apresentam caracteristicas diferenciadas
capazes de possibilitar sua disseminacéo entre determinadas populacdes. Com este
enfoque, fica clara a necessidade de realizar estudos referentes a epidemiologia

molecular e patogénese destas Salmonella (CASTELANI & DUARTE, 2011).

Dentre os surtos causados por S. Enteritidis, diversos estudos moleculares
sugerem que um numero limitado de linhagens com caracteristicas genéticas
semelhantes vém causando surtos em humanos (OLIVEIRA et al., 2009; OLIVEIRA

et al., 2010b).

A necessidade de aplicacdo de métodos mais sensiveis na caracterizacao de
Salmonella tem levado a utilizacdo cada vez mais frequente de técnicas moleculares

(CASTELANI & DUARTE, 2011).

Entre os métodos moleculares mais utilizados para a caracterizacao
genotipica de microrganismos patogénicos estdo: a ribotipificacdo, a PCR
(Polymerase Chain Reaction), a PCR em tempo real (Real Time PCR), a PCR
ribotipificacdo (PCR Ribotyping) e a multiplex PCR (mPCR) (GURTLER & MAYALL,
2001). Alem destes, outro meétodo utilizado € a eletroforese em gel de campo
pulsado (PFGE), que foi por muito tempo considerado padrdo ouro para a

caracterizagdo de muitas bactérias, entre as quais Salmonella spp. (OLIVEIRA et al.,
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2010b). Ele tem a vantagem de ser universal, porém em oposicdo, pode ser
considerado relativamente caro e elaborado, pois exige conhecimentos e

equipamentos especializados (JAY, 2005).

O desenvolvimento das técnicas de biologia molecular apresentam algumas
vantagens sobre os métodos convencionais, como o maior poder de discriminacéo e
melhor reprodutibilidade (CASTELANI & DUARTE, 2011). Da mesma forma, as
técnicas tradicionais baseiam-se em caracteristicas morfologicas e bioquimicas para
a tipificacdo e identificacdo de géneros, espécies e subespécies de microrganismos
que incluem padrbes de resisténcia aos antibioticos, reacdes bioquimicas e
sorologicas e muitas vezes séo ineficientes e morosas (CASTELANI & DUARTE,

2011).

A aplicacdo de métodos moleculares permite, na maioria das vezes, a
identificacdo correta da espécie e a diminuicdo do tempo necessario para a
caracterizacdo morfolégica dos microrganismos, além da investigacdo de surtos e

suas correlacoes (GANDRA et al., 2008).

1.2.6.1 Caracterizacao por PCR-Ribotipificacao

A PCR-Ribotipificacdo € considerada uma substituta da ribotipificacdo
classica e tem sido amplamente utilizada em biologia molecular, devido a sua
rapidez e eficacia (FREITAS et al., 2009). Essa técnica utiliza sequéncias iniciadoras
gue anelam nas regibes 16S e 23S e amplificam sequéncias presentes entre os
genes do operon ribossomal. As regibes espacgadoras entre as regides 16S e 23S

apresentam variagdes que podem ser utilizadas para caracterizar 0s microrganismos
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em nivel de género, espécie e subespécie (FARBER et al., 2001; CASTELANI &

DUARTE, 2011).

No Brasil, Geimba et al. (2004) consideraram a técnica de PCR-
Ribotipificacdo bastante reprodutivel e apropriada para a tipificagdo de Salmonella
envolvidas em surtos alimentares no RS. Em 2005, Oliveira et al. também
destacaram a adequacdo e a boa reprodutibilidade da PCR-Ribotipificacdo na
caracterizagdo molecular de Salmonella isoladas de alimentos envolvidos em surtos

e além disso, destacou o custo relativamente baixo de execucdo dessa técnica.

1.2.7 RESISTENCIA AOS ANTIMICROBIANOS

Salmonella ndo € s6 um problema de salde publica, devido ao nimero de
casos de salmonelose que causa, mas também porque muitas estirpes sao
resistentes a um namero de agentes antimicrobianos. A resisténcia aos antibiéticos
vem aumentando rapidamente em todo o mundo, e o0 uso indiscriminado e incorreto
de antibiéticos tem facilitado o surgimento de resisténcia em muitos sorovares.
(TONDO & RITTER, 2012). Embora a resisténcia aos antibiéticos em S. Enteritidis
tem sido considerada baixa quando comparada com o aumento dramatico da
resisténcia demonstrada por alguns isolados de S. Typhimurium (YANG et al., 2002),
deve ser dada atencdo ao isolamento frequente desse agente. A vigilancia da
resisténcia antimicrobiana crescente de S. Enteritidis € especialmente importante,
uma vez que este sorotipo passou a ser o agente predominante de salmonelose

humana em muitos paises nos ultimos anos, incluindo o Brasil. Durante a ultima
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década no Estado RS, a resisténcia de S. Enteritidis isoladas de DTA tem sido

objeto de estudos (TONDO & RITTER, 2012).

Multiplas drogas tém sido analisadas e os resultados dos isolados de S.
Enteritidis no RS demonstram o0 aumento da resisténcia a ampicilina e,
principalmente, ao acido nalidixico (OLIVEIRA et al., 2010b; DE PAULA et al., 2011).
Entre os anos de 1999 a 2006, pode ser observado que os isolados apresentaram o
mesmo comportamento para o acido nalidixico (GEIMBA et al., 2005; OLIVEIRA et

al., 2006; DE PAULA et al., 2011).

A resisténcia elevada para acido nalidixico e a resisténcia para ciprofloxacina
sao questdes de preocupacao, pois varios estudos relataram aumento do numero de
cepas de Salmonella sp. resistente as quinolonas na Alemanha (MALORNY et al.,
1999), Inglaterra e Pais de Gales (THRELFALL et al., 2006) e Espanha (MARIMON
et al., 2004). Destacando essa preocupacdo o Clinical and Laboratory Standards
Institute (CLSI) elaborou uma orientacdo recomendando laboratérios clinicos para
testar rotineiramente a resisténcia ao acido nalidixico em Salmonella extraintestinal
isoladas, a fim de alertar sobre a resisténcia emergente (NCCLS, 2005). As
quinolonas sdo amplamente utilizadas na producéo de alimentos de origem animal e
ao mesmo tempo sao disponibilizadas como métodos terapéuticos para as infeccoes

por Salmonella, em adultos (TONDO & RITTER, 2012).

Os resultados do mapeamento da susceptibilidade aos antimicrobianos sao
importantes para caracterizacdo do perfil de resisténcia e para a monitorizacao
continua das caracteristicas dos principais agentes causadores de surtos de origem

alimentar no Estado do RS (DE PAULA et al., 2011).



CAPITULO 2
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2. RESULTADOS

Os resultados do presente estudo estdo apresentados na forma de artigo
cientifico.

O subtitulo 2.1 corresponde ao artigo formatado de acordo com as
orientacdes da The Journal of Infection in Developing Countries (JIDC), revista a
qual foi aceito para publicagdo e o subtitulo 2.2 ao segundo artigo conforme normas

de submissédo da Journal of Food Safety.

2.1 Artigo 1 — Salmonella serotypes, resistance patterns and food vehicles of

salmonellosis occurred in southern Brazil, 2007 - 2012

Artigo aceito para publicacdo em 04 de dezembro de 2013.
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ABSTRACT

Introduction: Previous studies have identified Salmonella as the main causative agent of
foodborne diseases in the State of Rio Grande do Sul (RS), Southern Brazil, during 1997 to
2006. This study aimed to describe the Salmonella serotypes, the antimicrobial patterns and
food vehicles of salmonellosis occurred in RS from 2007 to 2012. Methodology: we analyzed
information regarding Salmonella isolates and salmonellosis outbreaks registered on the
official records of the Central Laboratory of RS (FEEPS/IPB-LACEN/RS). Results: Among
the 163 isolates investigated, 138 (84.7 %) were identified as S. Enteritidis. The second and
third most frequent serovars identified were S. Schwarzengrund (5.5 %) and S. Typhimurium
(3.7 %). Homemade mayonnaise was the food vehicle most frequently registered (17.39 %),
followed by pastry products (15.94 %) and beef (12.32 %). The antimicrobial resistance was
analyzed testing 12 drugs, and the higher percentages of resistance were observed to
nitrofurantoin (94.2 %) and nalidixic acid (89.1 %). The resistance to these two drugs was
verified in 80.43 % of the isolates. Multi-resistance to three and five drugs was verified in
four and two isolates, respectively. Conclusion: Comparing the results of the present study
with results of previous reports, it was possible to conclude that S. Enteritidis and homemade
mayonnaise still are the main serotype and food vehicle of salmonelloses of RS and the
antimicrobial resistance has been increasing among S. Enteritidis responsible for foodborne
outbreaks in Southern Brazil.

Keywords: Salmonelloses, Salmonella Enteritidis, antimicrobials, State of Rio Grande do

Sul, Brazil.
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INTRODUCTION

Salmonella is one of the main causative agents of foodborne disease (FBD)
worldwide, being responsible for serious health problems and significant economic losses [1-
3]. In many countries, including in Brazil, foods of animal origin have been identified as the
primary vehicles of human salmonelloses. In Brazil, meat, eggs and egg products are the
foods most frequently involved with illnesses [4-6]. Although there are more than 2,400
Salmonella serovars identified worldwide [7], in the last decade, a specific strain of S.
Enteritidis was identified as the primary cause of salmonelloses in the State of RS, the
southernmost State of Brazil [8-11]. This strain was named S. Enteritidis SE86 and has been
investigated by our group since 1997 in order to attend its effects on public health of RS
[5,6,8,9,12,13]. Among the investigations, antimicrobial resistance testing of the S. Enteriditis
isolates has been carried out since 1999 [11,14,15]. Even though the salmonelloses caused by
S. Enteritidis SE86 usually is limited to gastrointestinal tract and the treatment does not
involve antibiotics, the use of these drugs is recommended when salmonelloses affects
immunocompromised patients or when the symptoms of salmonelloses are more severe such
as the presence of blood in stools and fever. Thus, the monitoring of the Salmonella serovars
involved in foodborne diseases and its antimicrobial resistance patterns assume great
importance to the salmonelloses control and the maintenance of public health. This study
aimed at investigating the main Salmonella serovars and its resistance patterns, as well as the

food vehicles of salmonelloses occurred in the RS from 2007 to 2012.

METHODOLOGY

Source of data of Salmonella isolates
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Data on Salmonella isolates and salmonellosis outbreaks investigated in the present
study were taken from FEEPS/IPB-LACEN/RS. The official records, as well as the
information on foodborne outbreaks from FEEPS/IPB-LACEN/RS, were analyzed and
compiled by the technical staff of Laboratory of Microbiology and Food Control of Federal
University of Rio Grande do Sul - ICTA/UFRGS. Records involved information about all the
samples collected from investigated salmonelloses of RS, during the period of January 2007
to February 2012. The State of RS is one of the 27 Brazilian States and has a population of
approximately 10.7 million people, distributed in 496 cities. Salmonellosis outbreaks were
notified and investigated by regional coordinators of the Division of Health Surveillance
(DVS/RS), which, when possible, conducted sampling of suspect foods and transported them
to FEEPS/IPB-LACEN/RS. In the Laboratories of this institution, isolation and biochemical
identification of Salmonella were carried out according to the methods described by
Compendium of Methods for the Microbiological Examination of Foods [16]. Isolates were
serotyped at Laboratory of Enterobacteriaceae at National Reference Center for Intestinal
Bacterial Infections, Oswaldo Cruz Foundation (FIOCRUZ) (Rio de Janeiro, Brazil)
following methods described by Kauffman (1972) [17]. Official reports containing
information about pathogenic microorganisms and of the foodborne outbreaks were prepared
by FIOCRUZ and remitted to FEEPS/IPB-LACEN/RS. These documents were analyzed and

the information about 163 isolates of Salmonella were investigated in the present study.

Antimicrobial Susceptibility
The antimicrobial susceptibility testing was performed at FIOCRUZ. The isolates
were analyzed for susceptibility to 12 antimicrobials using the disc diffusion method,

according to the guidelines of Clinical Laboratory Standards Institute [18]. The antimicrobial



21

agents tested were ampicillin (AMP), chloramphenicol (CHL), tetracycline (TCY), cefoxitin
(FOX), ceftazidime (CAZ), streptomycin (STR), ciprofloxacin (CIP), gentamicin (GEN),
imipenem (IMP), nalidixic acid (NAL), trimethoprim/sulfamethoxazole (STX) and
nitrofurantoin (NIT). The resistance profile was determined according to the standards used

by Laboratory of Enterobacteriaceae at FIOCRUZ.

RESULTS

Among the 163 isolates analyzed, 138 (84.7 %) were identified as S. Enteritidis, 9 (5.5
%) as S. Schwarzengrund and 6 (3.7 %) as S. Typhimurium. Other six serovars were
identified, each one in only one food sample (Table 1).

As can be seen in Table 2, among the foods involved in salmonelloses caused by S.
Enteritidis in the State of RS from 2007 to 2012, homemade mayonnaise was the most
frequently identified food vehicle (17.39 %), followed by pastry products (15.94 %) and beef
(12.32 %). S. Enteritidis was isolated in 9.42 % of processed meat, 6.52 % of chicken meat
and 2.17 % of pork. The other serovars of Salmonella were isolated from the following foods:
S. Derby (processed meat), S. Infantis (sandwich), S. London (processed meat), S. Panama
(processed meat), S. Give (processed meat), S. Typhimurium (mayonnaise and processed
meat), S. Schwarzengrud (rice, pasta, meats, mayonnaise and raw vegetables), S. Agona

(processed meat), S. enterica (pastry products, meat and eggs) (data not shown).

Antimicrobial Resistance
Antimicrobial resistance patterns were investigated only in S. Enteritidis isolates and
the results are presented in Table 3. The highest resistance percentage was observed for NIT

(94.2 %) and NAL (89.1%). Only two isolates were resistant to TCY, two to AMP and two to
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FOX. Three isolates were resistant to CAZ, CIP and SXT, separately, while no isolate showed
resistance to CHL, STR, IMP and GEN. Table 4 shows the S. Enteritidis isolates resistance
profiles. Among them, 11.6 % were resistant to only one drug (NIT or NAL) and 80.43 %
were resistant to two antibiotics (NAL and NIT). Only one isolate was resistant to NAL and
TCY. Three isolates showed intermediate resistance to NIT and one to STR. One isolate was
multi-resistant to NAL, NIT and SXT. Three isolates were multi-resistant to NAL, NIT and
TCY. Two isolates demonstrated multi-resistance to NAL, NIT, AMP, FOX and CIP, while

another isolate was multi-resistant to NAL, NIT, AMP, FOX and CAZ.

DISCUSSION

According to the results demonstrated in the present study, S. Enteritidis was the
predominant Salmonella serovar isolated from foods involved in salmonelloses of RS between
2007 and 2012. This result is similar to the results demonstrated by previous studies analyzing
foods involved in salmonellosis outbreaks occurred in RS, for example: Geimba et al. [12]
demonstrated that 97 % of foods involved in salmonelloses occurred from 1999 to 2000 in the
State of RS presented S. Enteritidis. Likewise, Oliveira et al. [8] indicated that this serovar
was found in 93 % of foods involved in salmonelloses occurred in RS from 2001 to 2002. De
Paula et al. [11] demonstrated that 87 % of foods responsible for salmonelloses in RS, from
2003 to 2006, were identified as S. Enteritidis. Compiling all these results together
demonstrates that S. Enteritidis has been the main serovar isolated from foods involved in
foodborne salmonelloses in the State of RS from 1999 to 2012.

Isolates of S. Enteritidis were also identified as a major food pathogen in other States

of Brazil such as Santa Catarina [19], Parana [20,21], and Sao Paulo [22]. Recently, the same
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serovar was also identified as the main causative agent of human salmonelloses in other
countries like the United States (USA) [23] and China [24].

In the present study, homemade mayonnaise was identified as the food most
frequently involved in foodborne salmonelloses in RS, from 2007 to 2012. Similar results
were shown by Costalunga & Tondo [5] and Silveira & Tondo [6] during the investigations of
salmonelloses occurred from 1997 to 1999 and from 2000 to 2001, in RS, respectively.

According to the Centers for Disease Control and Prevention (CDC) [25], egg was the
food most involved in salmonellosis outbreaks in the United States in 2007. Eggs have been
primarily responsible for salmonelloses elsewhere in the world [1,2,26]. According to the
CDC [27] only one in ten thousand eggs are contaminated with Salmonella in the United State
and it is possible that a similar proportion of contaminated eggs could be found in Brazil,
considering the well controlled industrialized egg production in Brazil. However, eggs
without inspection may have much higher percentages of Salmonella contamination. The use
of uninspected raw eggs was identified as one of the main causative factors of salmonelloses
in the last decade in RS [5,6,12,13], even though the use of raw eggs is not allowed by the
current good manufacturing practices regulation of RS [28].

As shown in Table 2, the pastry products and beef were the second and third main
food vehicles of S. Enteritidis in the State of RS. These results can be justified by the high
handling of pastry products during its preparation, as well as the possible cross-contamination
within food services that prepare beef meals. The fact that S. Enteritidis has been associated
mainly with poultry meat [13] and according to the results of the present study, S. Enteritidis
was found on roast and baked beef strongly suggest the occurrence of cross-contamination
after heat processing of these preparations. The hypothesis that one of the main causative

factors of salmonelloses of RS during 2007 to 2012 was the cross-contamination after thermal
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processing is reinforced by the isolation of S. Enteritidis from foods like ham, mortadella,
pasta with meat sauce and rice with meat.

The 138 strains of S. Enteritidis isolated from food involved in foodborne outbreaks
were analyzed for susceptibility to antimicrobial agents (Table 3). The highest percentages of
resistance were observed for NIT and NAL.

Antimicrobial resistance is increasing rapidly worldwide, and the indiscriminate use
and misuse of antibiotics has facilitated the emergence of resistance in many Salmonella
serovars [13]. Although antimicrobial resistance in S. Enteritidis has been considered low
when compared with the dramatic resistance increase of some isolates of S. Typhimurium
[29], attention should be paid to frequent isolation of S. Enteritidis resistant to one or more
antibiotics. The increasing antimicrobial resistance surveillance of S. Enteritidis is especially
important since this serovar became the predominant agent of human salmonelloses in many
countries in recent years, including in Brazil. During the last decade in RS, the resistance of S.
Enteritidis isolated from foodborne illnesses has been the subject of several studies [8,11,13-
15]. Several drugs have been analyzed and the S. Enteritidis responsible for salmonelloses in
RS showed an increased resistance to AMP and especially to NAL [3,11]. Between the years
1999 to 2006, S. Enteritidis isolates showed a gradual increase in the resistance to NAL
[8,11,14]. If these results were put together with the results of the present study, one can
observe a clear growing increase in the proportion of S. Enteritidis isolates resistant to NAL
(Figure 1).

As an example, Geimba et al. [14] observed that in 1999 12.8 % of the S. Enteritidis
isolates were resistant to NAL, and in 2000 this percentage rose to 14.7 %. Oliveira et al. [8]
showed an increase in the resistance to the same antibiotic from 19.0 % to 24.3 % between

2001 and 2002. De Paula et al. [11] showed an increase from 40.7 % to 66.7 % from 2003 to
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2006. As demonstrated in the present study, in 2007, 89.1 % of the isolates were resistant to
nalidixic, increasing to 100 % in 2012.

Geimba et al. [14] analyzed isolates of S. Enteritidis involved in foodborne outbreaks
in RS between 1999 and 2000 and found 94.6 % of isolates with sensitivity to kanamycin,
95.9 % to trimethoprim/sulfamethoxazole, 98.6 % to chloramphenicol and 97.3 % to
sulphazotrim. However, Oliveira et al. [8] analyzed isolates of S. Enteritidis involved in
salmonellosis outbreaks in RS from 2001 to 2002 and found the highest percentage of
sensitivity to tetracycline (91.1 %) and chloramphenicol (98.7 %) These authors did not detect
resistance to trimethoprim/sulfamethoxazole or sulphazotrim. In 2005, Geimba et al. [14]
reported that from 1999 to 2000 the highest intermediate resistance was to streptomycin (37
%), gentamicin (13.7 %) and nalidixic acid (13.7 %) among S. Enteritidis isolated from foods
involved in salmonelloses of RS. Oliveira et al. [8] showed that kanamycin (29.1 %),
neomycin (17.7 %) and streptomycin (13.9 %) had the greatest intermediate resistance in
isolates of S. Enteritidis involved in foodborne outbreaks from 2001 to 2002. In the present
study, however, the intermediate resistance was found at low levels to nitrofurantoin (2.2 %)
and streptomycin (0.7 %).

In Denmark, a study from 1995 to 2000 examined 2,546 S. Enteritidis isolates. This
study demonstrated that 82 isolates (3.2 %) were resistant to nalidixic acid [30]. Prior to
Denmark study, in France from 1994 to 1997 Breuil et al. [31] found lower percentages of
resistance to nalidixic acid (2 to 4%) in S. Enteritidis isolated from human and animal
samples.

The indiscriminate use of antibiotics in poultry, especially quinolones, facilitated the
spreading of positive lots for S. Enteritidis [32]. The resistance to quinolones by S. Enteritidis

was motivated by the extensive use of quinolones and similar drugs in animal feed [32].
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Several studies have reported that Salmonella mainly from poultry has emerged as
particularly resistant to quinolones [31,33,34]. This increasing Salmonella antimicrobial
resistance in different parts of the world may indicate a spread of resistant or multi-resistant
epidemic strains [35] and it is an important fact because food from animal origin, especially
eggs and meat products, are frequently involved in salmonellosis outbreaks. One must
consider that Brazil is the largest exporter of chicken and beef meat in the world and many
meat industries are located in the southern region of the country. So the evaluation of the
resistance in Salmonella isolates is of great importance.

In conclusion, the results of the present study demonstrated that S. Enteritidis was the
serovar most isolated from foods involved in salmonelloses in RS between 2007 and 2012.
Thus, it can be concluded that this serovar was the major agent of foodborne illnesses in the
State of RS in recent years. Also, it demonstrated an important increase in the resistance of S.
Enteritidis isolates to acid nalidixic during the last decade. The results also have demonstrated
that homemade mayonnaise was the main food vehicle of salmonelloses in RS. Therefore,
continuous monitoring of main causative bacterial agents of foodborne diseases in RS is
important, in order to investigate changes in these strains and to prevent new and future

foodborne outbreaks.
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Table 1. Salmonella serovars involved in foodborne outbreaks in the State of Rio Grande do
Sul, Brazil, from 2007 to 2012.

Salmonella Serovars |[Number of involved food samples| Percentage (%0)
S. Enteritidis 138 84.7
S. Schwarzengrund 9 55
S. Typhimurium 6 3.7
S. enterica 4 2.5
S. Infantis 1 0.6
S. Agona 1 0.6
S. Derby 1 0.6
S. London 1 0.6
S. Give 1 0.6
S. Panama 1 0.6
Total 163 100




Table 2. Foods involved in salmonellosis outbreaks caused by S. Enteritidis in the State of

Rio Grande do Sul, Brazil, from 2007 to 2012.

Involved Food

Number of positive

Percentage (%)

Samples

Homemade mayonnaise 24 17.39
Pastry products (pies, cakes, puddins, sweets, 27 15.04
others).
Beef (cooked, roast, barbecue) 17 12.32
Processed meat (ham, sausage, mortadella, etc.) 13 9.42
Mixed food (pasta with sauce, rice with meat, etc). 11 7.97
Chicken meat (cooked, roasted) 9 6.52
Sandwiches (07 hamburgers and 01 stuffed fried

8 5.80
bread dough)
Cheese 6 4.35
Raw egg 5 3.62
Rice 5 3.62
Boiled vegetables (02 potatoes, 02 canned mixed

4 2.90
vegetables)
Pork meat (cooked, roasted) 3 2.17
Beans 2 1.45
Raw vegetables (01 lettuce, 01 tomato) 2 1.45
Raw capelletti 2 1.45
Fruit salad 1 0.72
Eggs threads 1 0.72
Cold chicken pie 1 0.72
Peas 1 0.72
Potato chips 1 0.72
Total 138 100
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Table 3. Antimicrobial results of S. Enteritidis involved in foodborne salmonellosis occurred

in the State of Rio Grande do Sul, Brazil, from 2007 to 2012.

Antimicrobials

Number of Resistant isolates

Percentage (%)

NIT
NAL
TCY
AMP
FOX
CAZ

CIP
SXT
CHL
STR

IMP
GEN
NIT*
STR*

130
123

WO O OO kFrRrPFPFEFEPDNMNMNDDD

1

94.2

89.1
1.4
1.4
1.4
0.7
0.7
0.7

o O O o

2.2
0.7

Ampicillin (AMP), Chloramphenicol (CHL), Tetracycline (TCY), Cefoxitin (FOX), Ceftazidima (CAZ),
Streptomycin (STR), Ciprofloxacin (CIP), Gentamicin (GEN), Imipenem (IMP), Nalidixic acid (NAL),
Trimethoprim/Sulfamethoxazole (STX), and Nitrofurantoin (NIT).

* |[ntermediate resistance.
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Table 4. Antimicrobial resistance profiles of S. Enteritidis involved in salmonellosis in the

State of Rio Grande do Sul, Brazil, from 2007 to 2012.

Antimicrobial profile

Number of isolates

NIT

NAL

NAL, NIT

NAL, TCY

NAL, NIT, SXT

NAL, NIT, TCY

NAL, NIT, AMP, FOX, CIP
NAL, NIT, AMP, FOX, CAZ
NIT*

STR*

12
4
111

N PN WEF P

1

Ampicillin (AMP), Chloramphenicol (CHL), Tetracycline (TCY), Cefoxitin (FOX), Ceftazidima (CAZ),
Streptomycin (STR), Ciprofloxacin (CIP), Gentamicin (GEN), Imipenem (IMP), Nalidixic acid (NAL),
Trimethoprim/Sulfamethoxazole (STX), and Nitrofurantoin (NIT).

* Intermediate resistance.
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Figure 1. Increase in the percentage of resistance to nalidixic acid (NAL) of S. Enteritidis
isolated from foods involved in outbreaks in the state of Rio Grande do Sul, Brazil, from 1999
to 2012. Source: Geimba et al. (2005); Oliveira et al. (2006); De Paula et al. (2011) and

present results from this study.
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2.2 Artigo 2 — PCR-Ribotyping of Salmonella Enteritidis involved in foodborne
outbreaks in Southern Brazil, from 2007 to 2013

Artigo a ser submetido na Journal of Food Safety.
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ABSTRACT

Since 1997, Salmonella has been identified as the main etiological agent of foodborne
diseases in the State of Rio Grande do Sul (RS), Southern Brazil. From 1999 to 2006, the
phenotypic and genotypic characterization of Salmonella responsible for foodborne outbreaks
in RS has indicated the involvement of only three closely related clones of S. Enteritidis. The
aim of this study was to characterize the S. Enteritidis isolates involved in foodborne
salmonelloses of the State of RS, from 2007 to 2013. S. Enteritidis isolates (n=116) were
identified and typed by PCR-Ribotyping. The results demonstrated that an unique PCR-
Ribotyping pattern was found among isolates, and this pattern was found in previous years,
indicating that the same strain of S. Enteritidis remain involved with salmonellosis outbreaks,
since 1999, in the State of Southern Brazil.
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PRACTICAL APPLICATIONS

The results of this study demonstrated that a specific banding PCR-Ribotyping pattern was
found among isolates of S. Enteritidis responsible for foodborne outbreaks in the State of Rio
Grande do Sul (RS), Southern Brazil, from 2007 to 2013. The same banding pattern was
identified in the majority of S. Enteritidis isolates responsible for salmonellosis outbreaks
during 1999 to 2006, in the State of RS. Previous studies named this strain as S. Enteritidis
SE86. Based on these results, S. Enteritidis SE86 was identified as the causative agent of

several salmonellosis outbreaks in Southern Brazil during the period of 1999 to 2013.

INTRODUCTION

In Brazil, a significant increase in the incidence of S. Enteritidis in humans and foods
involved with salmonellosis outbreaks have been recorded in the last decade (Tondo and
Ritter, 2012, Brazil, 2013, Fuzihara et al. 2000; Santos et al. 2000; Tavechio et al. 1996;
Tavechio et al. 2002). Since 1997, the Division of Health Surveillance of the State of RS
(DHS/RS) has pointed Salmonella as the leading cause of foodborne diseases in this State of
10.700 million people (Costalunga and Tondo, 2002; Oliveira et al. 2006; Silveira and Tondo,
2006; Oliveira et al. 2010; Tondo and Ritter, 2012; Wagner et al. 2013). Different studies
have shown that three closely related clones of S. Enteritidis were responsible for the majority
of foodborne salmonelloses occurred from 1999 to 2006 and the most involved strain was
named SE86 (Oliveira et al. 2010; Tondo and Ritter, 2012). Due to the increased number of
salmonellosis caused by SE86 and the importance to public health of this strain in the State of
RS, several scientific studies have been conducted in order to identify the principal
characteristics of this microorganism (Geimba et al. 2004; Costalunga and Tondo, 2002;
Oliveira et al. 2006; Silveira and Tondo, 2006; Oliveira et al. 2007; Malheiros et al. 2007
Oliveira et al. 2009; Oliveira et al. 2010; De Paula et al. 2011; Tondo and Ritter, 2012;
Wagner et al. 2013; Capalonga et al. 2014 in press). However, since 2006, the molecular

characterization of S. Enteritidis isolates involved with outbreaks in this State has not been
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performed. The aim of this study was to characterize S. Enteritidis isolated from foods
involved with foodborne outbreaks occurred in Southern Brazil, between 2007 and 2013.

MATERIALS AND METHODS

S. Enteritidis were isolated from foods involved with salmonellosis outbreaks occurred
in different cities of the State of RS, from January 2007 to May 2013. The State of RS is one
of 27 Brazilian States and has a population of approximately 10.7 million people distributed
in 497 cities. Salmonellosis outbreaks were investigated by sanitary and epidemiological
surveillance officers who, when possible, carried out sampling of suspected foods. Sampled
foods were transported to the Official Central laboratory of the State of RS in order to be
analysed Foundation of Production and Health Research of Rio Grande do Sul, Central
Laboratory of the Stare of Rio Grande do Sul (FEPPS/IPB/LACEN/RS). The isolation and
biochemical identification of Salmonella isolates were performed according to the methods
described by Compendium of Methods for the Microbiological Examination of Foods
(APHA, 2001). Isolates identified as Salmonella were sent to the Laboratory of
Enterobacteriaceae, at National Reference Center for Intestinal Bacterial Infections, Oswaldo
Cruz Foundation (FIOCRUZ) (Rio de Janeiro, Brazil) to be serotyped following methods
described by Kauffman (1972). Official reports containing information on the isolated
microorganisms were prepared by FIOCRUZ and sent to FEPPS/IPB/LACEN/RS. 116
Isolates identified as S. Enteritidis were sent to the Laboratory of Microbiology and Food
Control, Institute of Science and Technology, Federal University of Rio Grande do Sul
(ICTA/UFRGS) in order to be characterized by PCR-Ribotyping.

PCR-Ribotyping

Genomic DNA was extracted by thermal treatment, as follows: an inoculum of each
isolate was inoculated into 5 mL of BHI broth (Himedia, Mumbai, India) and incubated for 24
hours at 37° C. After incubation, 1 mL of sample was centrifuged at 5000 rpm for 4 minutes
in an Micro 120 Hettich Zentrifugen microcentrifuge at room temperature. The supernatant
was discarded and the pellet was suspended in 1 mL of TE (10 mM Tris HCI, pH 8.0, 1 mM
EDA, pH 8.0). This step was repeated three times. After, the pellet was suspended in 100 pL
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of TE and kept in a heat block for 10 minutes at 95° C, and then centrifuged at 5000 rpm for 1
min. The supernatant was used in PCR reactions as described below.

The primers used were previously described by Jensen et al (1993), and were specific
for amplification of the spacer region between the 16S and 23S rRNA genes. The sequences
of the primers were 5CAAGGCATCCACCGTGT3' and 5’ GTGAAGTCGTAACAAGG3.
Each set of PCR reactions included a control without template DNA. Each reaction in 23 pL
contained 2.5 pL of reaction buffer (100 mmol L™ Tris-HCI pH 8.8, 750 mmol L™ KCI ), 0.5
uL of 10 mmol L™ dNTPs , 1 uL de 50 mmol L™ MgCl,, 2 pL of each primer (20 pmol), 0.2
pL de Tag DNA Polimerase (Invitrogen, S&o Paulo, Brazil), 14,8 uL, sterile ultrapure water
(milliQ) and 2 puL of DNA. The program PCR-Ribotyping consisted of one cycle of pre-
incubation at 94° C for 2 min, followed by 25 cycles of 94° C for 15 s, 55° C for 4 min and
72° C for 1 min, and a step of final extension at 72° C for 30 min. All PCR analyzes were
performed in the Minicycler (MJ Research, Watertown, MA, USA) and the amplification
products were separated by horizontal agarose gel electrophoresis using TBE buffer and 2 %.
The gels were stained with ethidium bromide and visualized under ultraviolet light. Samples
showing weak bands were reanalyzed in order to confirm the banding patterns. Patterns were

visually compared and assigned to the same profile when the patterns were identical.

RESULTS

The analysis of PCR-Ribotyping was able to identify an unique banding pattern for the
116 samples of S. Enteritidis strains isolated between 2007 and 2013.

Figure 1 presents the identified profile of analysed samples.

DISCUSSION

In the present study, the primers developed by Jensen et al (1993) were able to type
strains of S. Enteritidis involved in foodborne outbreaks in the State of RS, 2007-2013. The
same technique and the same primers were used in further studies for typing S. Enteritidis
involved in salmonelloses in the State of RS, demonstrating suitability for this purpose
(Geimba et al. 2004; Oliveira et al. 2007; Oliveira et al. 2009). Even though several other
molecular methods has been used to type S. Enteritidis isolated in RS, PCR-Rybotyping was
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chosen because demonstratred the same results of other techniques and is easier to perform.
For example, Geimba et al (2004) considered the PCR-Ribotyping very reproducible and
appropriate for typing of S. Enteritidis involved in foodboorne outbreaks in the State of RS,
1999-2000. These authors identified two closely related profiles between 75 strains typified.
Later, Oliveira et al (2010) used different molecular techniques (PCR-Ribotyping and Pulsed-
field gel electrophoresis - PFGE) for typing S. Enteritidis involved in salmonelloses occurred
in the RS from 1999 to 2006 and highlighted the suitability, low cost and good reproducibility
of PCR-Ribotyping for molecular characterization of these microorganisms. In the same
study, Oliveira et al (2010) identified three closely related banding pattern of PCR-Ribotyping
among 80 strains of S. Enteritidis analyzed. The profile identified in the present study was
similar to one of the three profiles identified by Oliveira et al (2010), indicating that the same
strain of S. Enteritidis have caused salmonellosis outbreaks in several cities of the State RS, in

the last 14 years.

S. Enteritidis has been considered as the main causative agent of gastroenteritis in
humans in several countries as United States (CDC, 2009, Cho et al. 2010), China (He et al.
2011), England and Wales, (Hughes et al. 2007). In fact, these studies showed that S.
Enteritidis has been, if not the most, one of the main agents of foodborne diseases in the

world.

In Brazil, isolates of S. Enteritidis were also identified in the States of S&o Paulo
(Tavechio et al. 2002), Parana (Alcocer et al. 2006; Kottwitz et al. 2008) and Santa Catarina
(Koerich et al. 2008) as the main causative agent of salmonellosis outbreaks. In the State of
RS, a recent study investigated the foods involved in foodboorne outbreaks in RS, 2007 to
2012, and showed that S. Enteritidis continued to be frequently isolated from suspected foods
(Capalonga et al. 2014 in press). Another study (Fischer, 2014) analyzed various
microorganisms isolated from foods involved and foodborne diseases occurred in the State of
RS, from 2004 to 2013 and showed that the percentage of isolation of Salmonella spp. has
been decreased in RS since 2009. According to the author this result could be attributed to the

public health strategies for control and prevention of Salmonella in foods.

S. Enteritidis SE86 has been investigated by different researchs, revealing interesting
characteristics of this microorganism. For example, SE86 revealed an increasing antimicrobial

resistance to nalidixic acid, from 1999 to 2012. In 1999, 12.8 % of the isolates were resistant
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to this antibiotic, while in 2012 100 % of the isolates showed to be resistant to this drug
(Tondo and Ritter, 2012; Capalonga et al. 2014 in press). SE86 was able to grow faster in
homemade mayonnaise than S. Typhimurium and S. Bredeney. This food preparation is
considered the principal vehicle of salmonelloses in the State of RS, between 1997 to 2012
(Costalunga and Tondo, 2002; Silveira and Tondo, 2006, Wagner et al. 2013; Capalonga et al.
2014 in press). In another study, Malheiros et al (2007) exposed SE86 to sub-lethal pH for a
few hours and this organism become 7.5 times more acid-resistant than S. Bredeney and S.
Typhimurium. Thereafter, the acid-adapted SE86 was exposed to simulated gastric fluid at pH
1.5 and demonstrated increased rates of survival when compared to SE86 nonacid-adapted or
S. Bredeney or S. Typhimurium (Perez et al, 2011). Perez et al (2011) demonstrated that acid
adapted SE86 were more virulent than other serovars of Salmonella after infection of germ-
free mices. All those characteristics may be contributing to SE86 be an important foodborne

agent in the Southern Brazil.

Based on the results of the present study, SE86 was isolated from foods involved in
salmonelloses occurred in the State of RS, between 1999 and 2013, and the characterization
of this important foodborne pathogen must be carried out in order to follow its control in the

southern Brazil.
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Figure 1: PCR-Ribotyping profile of S. Enteritidis isolated from foods involved in

salmonellosis outbreaks in Southern, Brazil, during the years 2007 and 2013.



CAPITULO 3
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3. CONSIDERACOES FINAIS

As salmoneloses sdo apontadas como um importante problema de saude
publica em muitos paises. No Brasil, a legislacdo exige a auséncia de Salmonella
spp. em alimentos (BRASIL, 2001), porém esse microrganismo € frequentemente
isolado em amostras envolvidas em surtos alimentares. No Estado do RS a
investigacdo de surtos alimentares envolvendo Salmonella € realizada de forma
sistematica pelos 6rgaos de Vigilancia Epidemiologica e Sanitaria dos municipios e
Estado, sendo seu isolamento recorrente, uma vez que sempre que possivel os
agentes coletam amostras de alimentos suspeitos e encaminham a Secdo de
Microbiologia de Agua e Alimentos, do Laboratério Central do Estado, para andlise
microbiolégica. Os resultados dessas andlises sdo de grande importancia para o
fechamento da pesquisa pelo Setor de Epidemiologia e confirmacédo dos surtos

alimentares ocorridos no RS.

Desde 1999, ha uma parceria entre o Laboratério Central do Estado e o
Laboratério de Microbiologia e Controle de Alimentos, do Instituto de Ciéncia e
Tecnologia de Alimentos — ICTA/UFRGS, para a investigacdo e caracterizacdo das
Salmonella envolvidas em surtos alimentares, ja que esse patdégeno vem sendo
apontado, ha quase duas décadas, como o principal agente causador de DTA no Sul

do Brasil.

Neste trabalho foram caracterizadas cepas de Salmonella envolvidas em
salmoneloses no RS, no periodo de 2007 a 2013. Do total de isolados analisados, S.
Enteritidis foi o principal sorovar identificado (84,7 %). Esse mesmo sorovar foi
identificado em 97 % dos isolados envolvidos em salmoneloses, entre os anos de

1999 e 2000, no Estado do RS (GEIMBA et al., 2004). Durante o periodo de 2001 e
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2002, resultados semelhantes foram encontrados por Oliveira et al. (2006), no qual
identificaram S. Enteritidis em 93 % das amostras analisadas nesse mesmo Estado.
Ainda, entre os anos de 2003 a 2006, S. Enteritidis continuou sendo identificado
como o principal sorovar envolvido (87 %) (DE PAULA et al., 2011). Sendo assim,
esses resultados demonstram que S. Enteritidis tem sido o principal sorovar
envolvido em salmonelose, no Estado do RS, desde 1999. Além da identificacdo no
Sul do Brasil, paises como Estados Unidos (CDC, 2009; CHO et al., 2010) e China
(HE et al., 2011), por exemplo, identificaram S. Enteritidis como um dos principais

agentes causadores de gastrenterites.

Entre os alimentos envolvidos em salmoneloses do RS, a maionese caseira
(17,39 %) é apontada como o principal alimento envolvido, seguido dos produtos de
confeitaria (15,94 %) e carnes (12,32 %). Desde 1997, a maionese caseira vem
sendo relatada como principal veiculo causador de salmoneloses no Sul do Brasil
(COSTALUNGA & TONDO, 2002; SILVEIRA & TONDO, 2006). Da mesma forma,
Wagner et al. (2013) apontaram alimentos a base de ovos como o principal agente
etiolégico causador de surtos. Ja Fischer (2014) demonstrou que ha uma tendéncia
no decréscimo de contaminagao da categoria de alimentos “ovos”, nos ultimos anos,
no RS e que esse fato pode estar relacionado a elaboracdo de estratégias de
prevencdo e controle de surtos, como por exemplo: a publicacdo da Portaria
78/2009, da Secretaria Estadual de Saude (SES/RS) e os cursos de Boas Praticas
obrigatorios para os responsaveis pela manipulacdo de alimentos em servicos de

alimentacéo do Estado.

Como parte da caracterizacdo das Salmonella, o presente trabalho investigou

a resisténcia das S. Enteritidis envolvidas em surtos de origem alimentar a 12
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agentes antimicrobianos e identificou altas porcentagens de resisténcia para
nitrofurantoina (94,2 %) e acido nalidixico (89,1%). Um fato interessante a ser
destacado € o crescente aumento da resisténcia ao acido nalidixico, sendo que nos
anos de 2011 e 2012 todas as amostras foram resistentes a esse agente. Tondo &
Ritter (2012) consideram que a resisténcia aos antibidticos esta aumentando
rapidamente em todo o mundo, e o uso indiscriminado e indevido de antibidticos tem
facilitado o surgimento de resisténcia em varios sorovares de Salmonella. Além
desses autores, Silva & Duarte (2002) também consideram que o uso de antibiéticos
em alimentos para aves, principalmente das quinolonas, pode propiciar o
desenvolvimento de S. Enteritidis resistentes. Em diferentes partes do mundo ha um
acréscimo da resisténcia antimicrobiana o que pode indicar a disseminacdo de
cepas epidémicas resistentes ou multi-resistentes (CRUCHAGA et al., 2001), o que
comprova o0s resultados do presente estudo quando observou-se que diversos

isolados de S. Enteritidis apresentaram resisténcia a mais de um antimicrobiano.

Murmann et al. (2008) analisaram alimentos envolvidos em surtos alimentares
no Estado do RS, no ano de 2005, e relataram que existia um mesmo grupo clonal
de S. Enteritidis, uma vez que as amostras apresentaram um unico perfil de
macrorestricdo. Além desses autores, outros estudos demonstraram que trés clones
estreitamente relacionados de S. Enteritidis foram responsaveis pelas salmoneloses
ocorridas no Estado do RS, desde 1999, sendo essa cepa denominada SE86
(OLIVEIRA, et al., 2010b; TONDO & RITTER, 2012). Para confirmar ainda mais a
ideia de que um mesmo clone é responsavel pelas salmoneloses no Estado, o
presente estudo avaliou, através de PCR-Ribotipificacdo, os isolados de S.

Enteritidis envolvidos em surtos ocorridos entre os anos de 2007 e 2013, e a partir
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dos resultados p6de-se observar que somente um perfil de bandas foi identificado,
sugerindo que a mesma cepa de S. Enteritidis causou diferentes surtos alimentares

no Estado do RS.

Estudos demonstraram que quando comparado com outros sorovares, a S.
Enteritidis SE86 demonstrou maior capacidade de adaptacdo acida e térmica, além
de maior resisténcia contra diferentes sanificantes, principalmente o hipoclorito de
sédio (MALHEIROS et al., 2008; TONDO et al., 2010; MACHADO et al., 2011).
Ainda, Perez et al. (2011) demonstraram que a S. Enteritidis SE86 acido adaptada
foi mais virulenta do que outros sorovares de Salmonella, apés a infeccdo de
camundongos gnotobiotos. Todas essas caracteristicas podem estar contribuindo
para SE86 ser um importante agente de origem alimentar no sul do Brasil ha mais de

uma década.

A partir dos resultados do presente estudo conclui-se que um mesmo clone
de S. Enteritidis vem causando surtos de origem alimentar no Estado do RS, de
1999 a 2013, e que apesar de Fischer (2014) apontar um decréscimo no isolamento
de Salmonella spp. a partir de 2009, considera-se importante 0 monitoramento e
acompanhamento desse microrganismo envolvido em surtos alimentares, ja que a
identificacdo e caracterizagdo da bactéria pode contribuir na elaboracdo de
estratégias de reducédo, controle e prevencao de surtos de salmonelose no Estado

do RS.
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