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ABSTRACT

This study aims to assess the prevalence of Shigatoxin-producing Escherichia coli (STEC) in ground beef
collected intwo citieslocated in the State of S&o Paulo, Brazil. A total of 250 samples of raw ground beef were
collected inlocal grocery stores during the period of March to December 2002 in the cities of Ribeirdo Preto
(114 samples) and Campinas (136 samples), Sdo Paulo State, Brazil. The sampleswere processed according to
standard methods. The resulting 591 E.coli colonies were screened for STEC by hybridization assays using
the specific DNA probes, stxi, stx, and eae. Further characterization of STEC isolatesincluded the search for
the ehxA sequence, detection of enterohemolysin and expression of Shiga toxin using the Vero cell assay.
STEC isolates bel onging to serotypes O93:H19, ONT:HNT, ONT:H7, and O174:HNT werecovered fromfour
samples (3.5%) collected in Ribeirdo Preto. All samplesfrom Campinaswere negativefor STEC. Three of the
strains carried stx, and ehxA sequences while one harbored stx;, stx, and ehxA sequences. Considering that
among foods of animal origin, ground beef isanimportant vehiclefor STEC transmission, these dataemphasize
the need of a closer surveillance of these microorganisms. They can survive in unfavorable conditions
specialy when the products are refrigerated or frozen for long periods of time and can be the cause of

outbreaks affecting a great number of consumers.
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INTRODUCTION

Shigatoxin-producing E. coli strains are associated with a
broad spectrum of human illnesses throughout the world,
ranging from mild diarrheato hemorrhagic colitis(HC), hemolytic
uremic syndrome (HUS) and thrombotic thrombocytopenic
purpura(TTP) (10,16). Currently, hundreds of distinct serotypes
are recognized as STEC and associated with human diseases
(25). SerotypessuchasO157:H7, O111:H8, 026:H11, O103:H2,
referred to as enterohemorrhagic (EHEC) and bearing the eae
geneand the EHEC plasmid, aremorefrequently related to severe
humanillnesses(16,17).

Domestic and wild animals are reported as sources of these
microorganisms; but cattle, sheep and goat are considered as
themainreservoir (2). Foodsof animal origin, especially ground
beef, probably contaminated during the grinding process, have
been identified as the main vehicles for transmission of E.coli
0157:H7 and other non-O157 STEC strainsto humans. However,
foods like raw milk, fruits and vegetables, as well as cross
contamination dueto i nadequate food mani pulation, and person-
to-person transmission have already been associated with
human disease (10).

The major STEC virulence factors are considered to be the
Shigatoxins, Stx1 and Stx2, which may be produced together or
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not by the STEC isolates. Additional factors such asintimin and
enterohemolysin are harbored by some serotypes, and agrowing
number of putativevirulencefactorsare also being reported (22).

In many countries, O157:H7 isthe most prevalent serotype
associated to sporadic cases or large outbreaks of hemorrhagic
colitis and HUS. However, many distinct non-O157 STEC
serotypes have also been increasingly reported asthe causative
agents of human disease (16).

Although some studiesin Brazil reported the occurrence of
STEC indifferent animal reservoirs(12,14,24), dataconcerning
isolation of these microorganismsfrom food of animal originis
scarce(3,7,19).

Thus, the aim of this study was to evaluate the prevalence
of STEC in ground beef collected in two cities of the State of
S&o Paulo, Brazil.

MATERIALSAND METHODS

Ground beef samples

A total of 250 samplesof raw ground beef were collected from
local grocery stores during the period of March to December
2002, inthecitiesof Ribeir&o Preto (114 samples) and Campinas
(136 samples), both located inthe State of S&o Paulo, Brazil.

Preparation of samples

Ground beef samples were processed according to the
Compendium of Methods for the Microbiological Examination
of Foods(13) with some modifications. Briefly, 25g of each sample
was homogenized in 225 mL of Buffered Peptone Water (BPW,
1%), incubated for 6 and 24 hoursat 35°C, streaked on MacConkey
Sorbitol Agar and further incubated for 18-24 hoursat 35°C.

I solation of E.coli

Five to ten sorbitol positive and negative colonies from
each sample were inoculated into the presumptive diagnostic
medium 1AL (18) and incubated overnight at 35°C. The IAL
medium is tubed in two layers and distinguishes
Enterobacteriaceae based on the following biochemical
properties: indole, hydrogen sulfide and urease production, acid
from glucose and sucrose, gas from glucose, presence of L-
tryptophane deaminase and lysine decarboxylase.

Screeningfor STEC

A total of 591 E.coli isolates were screened for STEC by
colony hybridization assays with specific DNA probesfor stx;
and stx; (23). All sorbitol negative E.coli isolateswere previously
submitted to the slide aggl utination test with O157 antiserum.

Sear ch for additional virulencefactors

Theintimin (eae) and the plasmid-encoding enterohemolysin
(ehxA) geneswere detected by PCR assays according to Gannon
etal. (8) and Schmidt et al. (20), respectively.
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Detection of Shigatoxin (Stx) and enterohemolysin

Sterile supernatants, prepared from STEC isolates, were
inoculated into Vero cells monolayers and the Stx cytotoxic
effect observed after 24-48 hours incubation periods (9).
Enterohemolysin production was investigated according to
Beutin et al. (1) using blood agar plates containing 5% of washed
sheep blood cells and supplemented with 10 mM CaCl,. The
plates were incubated at 37°C and the hemolytic activity was
observed after 3 h and 18-24 hincubation periods. STEC strains
showing hemolytic activity after 18-24 hours incubation were
identified as enterohemolytic.

Serotyping

OH serotyping was done following standard methods (5)
and using currently available O (01-0181) and H (H1- H56)
antisera prepared at Instituto Adolfo Lutz, Sdo Paulo, using
reference strains from E. coli and Klebsiella International
Reference Centre, Copenhagen, Denmark.

RESULTS

STEC isolation

Among the 114 samples of ground beef collected in Ribeiréo
Preto, 4 (3.5%) werepositivefor STEC whileall samplescollected
in Campinaswere negative.

Serotypesand genetic profiles

The four STEC strains belonged to serotypes O93:H19;
ONT:HNT; ONT:H7; and O174:HNT. Sequences stx,andehxA
were found in three of the strains and one carried stxi, stx, and
ehxA sequences. None carried eae. Strain characteristics are
summarizedintheTable 1.

Table 1. Characteristics of Shigatoxin-producing E. coli isolated
from ground beef in Ribeirdo Preto, SP.

Serotypes 093:H19 ONT:HNT ONT:H7 O174:HNT

Genetic profile*  stxoehxA  stx; stxo ehxA  stxoehxA  stx; ehxA
Cytotoxic activity + + + +
Enterohemolysin + + + +

*none of the strains carried the eae sequence.

DISCUSSION

Outbreaks and sporadic cases of infections due to STEC
strains are mainly associated with the consumption of
contaminated food of animal origin, especially ground beef (15).
STEC isolationinground beef and other foodswere described in
severa countries. Hussein and Bollinger (11), andlyzing datafrom



30 surveyson packaged and unpackaged meat from supermarkets,
showed that STEC prevalenceranged from 0.01 to 54.2%.

In the present study 3.5% of the ground beef samples
collected in the region of Ribeirdo Preto were contaminated
with STEC. Thisisin agreement with thelow frequency (1.75%)
of non-0157 STEC strains found in minced beef and pork
samplesin Switzerland asreported by Fantelli and Stephan (6).
However, our dataisin contrast to the high STEC ratefoundin
refrigerated or frozen ground beef and frozen hamburger patties
analyzedin Rio de Janeiro, Brazil (3).

Thefour strainsisolated from raw ground meat in Ribeiréo
Preto belonged to serotypes other than 0157, which is in
accordanceto the study conducted in Brazil by Cerqueiraet al.
(3). Low frequency of Escherichia coli 0157 in food samples
has been previously reported by several authors(4,6,9). InBrazil
0157:H7 STEC strains were not detected in meat samples
probably due to the methodology employed in the screening
(3,19).

Three of four STEC strains harboured the stx, sequence and
one carried both, stx; and stx,. STEC strains exhibiting these
profileswere expected since STEC isolatesfrom Brazilian beef
and dairy cattle, and from sheep were shown to carry stx, or
stxi+ stx, sequences (12,14,24). Predominance of STEC strains
carrying stx, sequences in ground meat, very popular among
Brazilian consumers, could becomeaseriousrisk to public heath
since strains carrying these sequences usually lead to extra
intestinal complicationslikeHUS(10,17).

According to Sandhu et al. (21), presence of theeaegenein
STEC strains is associated with some O groups such as 026,
0103, 0111, 0157 among others. The absence of the eae gene
in the four strainsidentified in this study probably isrelated to
their O-groups. Fantelli and Stephan (6) also reported that all
non-0157 STEC strainsfrom minced meat were negativefor the
eae gene. Although eae carrying STEC strains are frequently
associated with severe infections, outbreaks of HUS by eae
negative STEC strains have already been reported (17).

Thedataemphasize the need of astrict surveillance of these
microorganisms in food items, particularly in meat and other
products of animal origin. STEC strains can survive in
refrigerated or frozen food for long periods and thus easily
contaminate consumers.

Asfood samplesusually havelow numbers of O157strains,
enrichment methods such as immunomagnetic separations
should be used to isolate these microorganisms. Economical
limitations in the use of improved enrichment procedures and
thelack of differential mediafor detection of al other non-O157
serotypesis still adrawback in STEC screening in devel oping
countries.

Furthermore, although foodborne diseases are important
issues to health authorities all over the world, they are under-
reported leading to a scarcity of data especially in developing
countries.

STEC inground beef
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RESUMO

Prevaléncia e caracteristicas de cepasde Escherichia
coli produtorasdetoxina Shiga (STEC) em carne
bovina coletada em S&o Paulo, Brasil

O objetivo deste estudo foi verificar a ocorréncia de
Escherichia coli produtoradetoxinaShiga (STEC) em amostras
de carne moidacruacomercializadasem duas cidades do Estado
de So Paulo, Brasil. Um total de 250 amostras de carne moida
cruafoi coletado de agougueslocais durante o periodo de Marco
aDezembro de2002, nascidadesde Ribeirdo Preto (114 amostras)
e de Campinas (136 amostras), Estado de Séo Paulo, Brasil. As
amostras foram processadas de acordo com os métodos de
referéncia. Um total de 591 coldnias de E.coli foi submetido a
técnica de hibridizacdo de coldnias usando sondas especificas
de DNA para a deteccdo das seqiiéncias stx;, stx. e eae.
CaracterizacOes adicionaisdas cepas STEC incluiram apesguisa
dasequénciaehxA, adeteccdo daenterohemolisinaeapesguisa
daexpressdo detoxina Shigautilizando testes com células Vero.
Em quatro amostras (3,5%) coletadas em Ribeirdo Preto, foram
encontradas cepas STEC, mas todas aquelas da regido de
Campinas foram negativas. As cepas de STEC pertenciam aos
sorotiposO93:H19, ONT:HNT, ONT:H7,eO174:HNT. Tréscepas
tinham o perfil stx, ehxA e uma era portadora das seqiiéncias
stxi, stxe ehxA. Considerando que entre os alimentosde origem
animal, acarne moidaaindarepresentaum importanteveiculo de
transmissdo de STEC, estes dados alertam para a necessidade
de uma vigilancia da presenca destes microrgani smos capazes
de sobreviver em condicdes desfavoraveis, especialmente
guando os produtos sdo refrigerados ou congel ados por longos
periodos, podendo ser causas de importantes surtos afetando
grande nimero de consumidores.

Palavras-chaves: Escherichia coli; toxina Shiga; STEC;
Sorotipos; Carne moida
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