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ABSTRACT 

This stu~y aims to asses~ the pre\'alencc of Shiga to . ..:in·proclucing Escherichia coli (STEC) in ground beef 
L'Ol lccled in tll'O cities IOC:lloo in the Stateof Siio i';mlo. Brai'il.A total of250 samples of r.JW ground lx-ef were 
L'Ollcctcd in local grocery stores during the period of March to December 2002 in the cities of Ribeiriio Preto 
(114 samples) and Campinas (136 samples), Sao Paulo State. Br.lzil. The samples were processoo according to 

standard methods. The resulting 591 E.col; colonies were screened for STEC by hybridi"-.:ltion assays using 
the specific DNA probes. $/,1'1. slXl and eae. Further characterization of STEC isolates included the search for 
the ehrA sequence. detection of enterohemolysin rlnd expression of Shiga toxin usi ng the Vero cel! assay. 
~"TEC isolates belonging to serotype!> 093: H 19, ONT: HNT, ON'I': H7,and 0 174: HNT we recovered from four 
samples (J5%) collected in Ribcir.l0 l>relo.AII samples from Campinas were negativc for STEC, Threeofthc 
str.lins carried srx~ nnd elu'A sequcnces while one harbored srxi. srX! and ehxA sequences. Considering thnt 
among foods of animal origin. ground beef isan impon.'lnt \'ehiclc for STEC Iransmission.tlN.-sc data emphasi7.c 
the nccd of a closer sUJ'\'cillance of these microorganisms. They can survi\'e in unf:l\'orable condi tions 
spccinlly when the products arc refrigerated or frozen for long pcriods of time and can be the cause of 
ombrcaks affecting a great number of consumers. 
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INTRODUCfION 

Shiga toxin-producing E. coli stmins are associated wilh :1 
broad spectrum of human illnesses throughout the workl. 
!""1llging from mild diarrhea to hemorrh.'lgic L'Olitis (He), hemolytic 
uremic syndrome (HUS) and thrombotic thrombocytopenic 
purpur.J (lTP) ( 10.16). Currently, hundreds of distinct seTOtypcS 
arc recogni..-.ed as STEC and associated with human diseases 
(25).Serot),pes such as OI57:H7.0111 :H8.026:HII ,OIOJ:H2. 
referred to as t:llterohemorrhagic (EHEC) and bearing the cae 
gene and the EHEC plasmid. arc more fl\:quently rdatctlto severe 
human illnesscs(16,17). 

Domestic and wild anim.1ls arc reported:1.<; sourccs ofthcse 
microorganisms; but callie, sheep and gOO! arc considered as 
the main reservoir (2). Foods of :\I1i m':ll origin . especially ground 
beef. probably contaminated during the grinding proccss. have 
been idenlified as the main vehicles (or transmission of E.coli 
o157:H7 and othcrnon-O 157 STEC strains to hum:.ms. Ho\\'e\'cr. 
food~ like raw milk. fruits and veg.etahles, as wcll as cross 
contamination duc to inadequate food manipulation, and person ­
IO-Jler~O!l !r.tllsmission have already heen associated with 
human disease (10). 

The major STEC \'irulence fnctors arc considered to be the 
Shiga to . ..:ins.Sl-.1 and Stx2, which may be produecd together or 
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lIot by the STEC isolatC!i.Additional factors such as inti min and 
cnterohemolysin arc harbored by some serotypes, ,md a grow ing 
numbcrof putative vimlcnee factors arc also being rclXlned (22) . 

In many countries. 0157:1-17 is the most prevalent serotype 
associated to spomdil; CaSCS or large outbreaks of hemorrhagic 
colitis and HUS. Howcver. many distinct non-0lS7 STEC 
serotypcs h.·we also been increasingly reported as the causativc 
agents of human discase (16), 

Although some studies in Brazil reported the OCl;urrcnecof 
~TEC in different allin ....1 reservoirs (12.14,2-').data conecmillg 
isolation ofthe~e microorganisms from fcxxl of animal origi n is 
scarce (3,7.1 9). 

Thus, the aim of titis study was to e,'aluate the prev:llence 
of STEC in ground beef collected in two cities of the Stmc of 
Sao Paulo, l3rJ.zil. 

MATERIALS AND METHODS 

Ground beefsamples 
A tot.11 of2S0samplesof r.lW gmund bccfll"erccollected from 

local grocery slares during Ihe period of March to Ix:cembcr 
2002, in Ihe cities of Ribcir.io Prcto (114 ~mpk'S) ami Campinas 
(136 samples). both IOCllled in the StateofSiio P;mlo. Brn;.jl, 

Prt'pm-ation of samples 
Ground beef samples werc processcd according to thc 

Compendium ofMethods for tile Microbiol08kal Emlllinalioll 
ofFoodf( [3) with somc modifications. Brieny. 25gofeach sample 
was homogl'nizcd in 225 ml.of Buffered Peptone Watcr (I3PW. 
['1». incubated for6 and 2-' hours at 35"C.strcakedon MacConkcy 
Sorbitol Agar and funhcr incurnllcd for 18-24 hours aI35"'C. 

Isolation of J;,c()li 
t-:h'c to len sorbitol posilive and negative colonics from 

cach sample were inoculatcd into the presumptive diagnostic 
mcdium IAL (11:1) and incubated orcrnight at 35"C, Thc IAL 
medium is tubcd in 1\\'0 layc rs and distinguishes 
Emerobacterioceae based on the following biocbemical 
propcnies: indole. hydrogcn sulfide and un."aSC production. acid 
from glucose and sucrosc, gas from glucose, presence of 1.... 
tryptophanc dcaminasc and lysine dccarbox~ Ia.'ic. 

Screening for STEC 
A tolal of 591 E.coli isolates \\'cre scrccncd for STEC by 

colony hybridization as!i[lYs with specific DNA probcs for SIX, 

and JLf!(23).AII sorbitol negative E.(.'oli isolalc~ were pre\"iou~ly 
submitted to thc slidc agglutination test wilh 0lS7 antiserum. 

Search for additional virulence factors 
The inti min (eae) and the plasmid-encexling cnteruhernolysin 

(ellxA) gencs II'cre Octccted by PeR ass:.lys [lccording to Gannon 
et al. (8) and Schmidl et (/1, (20). respectively. 

Detection ofShign toxin (Sb:) and cnterohemolysin 
Stcrile supcrna!<"lnts, preparcd from STEC isolates, were 

inoculated into Vero cells rnonolaycrs and thc Stx cytotoxic 
effcct observed after 24-48 hours incubation periods (9). 
Entcrohcmolysin product ion was investigated according In 

Bcutin el al. (I) using blood agar platcs containing 5% of washcd 
shcep blcxxl cells and supplementcd with 10 mM CaCb. Thc 
plates were incubatcd at 37"C and the hemolytic activity was 
observed aflcr:\ hand 18-2..l. h incubation pcriods.STEC strains 
shOwing hemolytic ac ti vit)' aftcr 18-2-'- hours incuh.1tion were 
identified as entcrohcmolYlic. 

Serotyping 
OH serotyping was done following standard methods (S) 

and using cUfTelllly available 0 (01-018 I) and H (H 1- H.'i6) 
tlnlisera preparcd at InstitUlo Adolfo Lutz. Sao Paulo. using 
refcrencc strains from E, coli and Kh'bsiella International 
Refcrcncc Centre , Copcnh:lgcn, Denmark. 

RfSULTS 

STEC i'iOlntion 
Among thc 114 samples of ground heef collected in Ribcir.10 

Prcto...l.{35%) were positive for STEC whilc all samples (;olleeted 
ill Campinas wcrc negativc. 

Serotypcs and genetic profiles 
Thc four STEC stmins belonged to SCTOtypcS 093: 1,11 9: 

ONT:HNT; ONT: H7; and 0 17..l.: HNT. Sequences slxt:mdelr.rA 
were found in threc of thc strains and one carri('(] stXI, .ftxlllnd 
ehxA S(.'<juences. None c:.rried eae, Strnin charncteri stics arc 
summarizcd in the Tablc I. 

Table I , Cbaracteristics of Shign toxin-producing E. coli isolatcd 
fmill ground bccfin Ribeiriio Prcto, SP. 

Serorypes (9):HI9 ONT:HNT ONT:J17 OI7..l.: HNT 

Genetic profilc- st.f]duA sIX, .ft.f!t'h.tA srx,eh.rA .f/xlduA 
Cytotoxic actil' ity + + + + 
Enlcrohcmolysin + + + + 

-none of the strains carried the ,'(Ie sequencc. 

DISCUSSION 

Outbreaks and spDmdic cases of infections due to STEC 
strains are mainly associated with the consumption of 
cOnlo.minated food of animal origin, cspecially ground beef( 15), 
STEe isolation in ground beef and othcr foods were dcscritx.'d in 
scl'cral coumril'S. Hussein and 13011ingcr( II).anal~?.ing data from 
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STEC in ground beef 

30 SUlW)'S on jXIckaged and unpl.lckaged ll1~t from supcnnaJkets, 
showed tlmt STEC prevalencc ranged from 0.01 to 5~.2% . 

In the present study 3.5% of the ground beef samples 
collected in the region of Ribcirfio PrelO were contaminated 
with STEC.This isinagreemenl with the low frequcncy (1.75%) 
of non-O I57 STEC stmins found in minced beef and pork 
samples in Switzerland as reported by Fantelli and Stephan (6) . 
However, our data is in contrast to the high STEC rate found in 
refrigcr:Jled or froLen ground heel' and frozen hamhurger patties 
analyzed in Rio dc Janciro, Bm7.i1 (3) . 

The four str-lins iso1:ltcd from mil' ground meat in Ribeir:l0 
Preto belonged to serotypes other thlln 0157, which is ill 
accordance to the sludy conducted in Brazil by CeHlucim eta/ . 
(3) . Low f requeney of Escherichia coli 0 I57 in food samples 
has tx'Cn previously reported by sc"emlllllthors (4,6,9).lnl3mzi I 
0157:H7 STEC strains were not dcl('clcd in mcm samples 
prohahly due to the melhodology employed in thc screening 
(3,19) . 

Three of four STEC stmins Iwrboured the stx, sequenec and 
olle carried both, SrX,all(.l srx,. STEC stmins cxhihiting these 
profiles lI'ereexpeeted since STEC isolates from Bmzil ian beef 
and dairy cattlc, and from sheep were sh01\'n to carry SIX! or 
srx,+ srXI sequences (12.1-l2-t). Predomin"nce of STEC strains 
carrying .1"1.1', scquenee~ in ground meat , vcry popular among 
Brazilirm consumers, could become a serious risk to public health 
since strains carrying these sequences usually lead to extril 
intestinal complications like HUS (10,17). 

According to Sandhu Cl al. (21). presence of the eae gene in 
STEC strains is associatcd with sOllie a gronps snch as 026. 
0103,01 11,0157 among others. The "bseneeof the cae genc 
in the four strains identificd in this study probably is rdated to 
their O-groups. Fantelli and Stephan (6) also reported that all 
non -0157 STECstraills from minced meat were negalil'eforthe 
cae gene . Although eae carrying STEC slr..lins arc frequently 
associated with sel'ere infections, outbreaks of HUS by eac 
negalive STEC strains have already been reponed (17). 

The d<lla emphasi7--c the nced of a strict slIfI'eiUance of these 
microorganisms in f<XXI items, p'lrticularly in meat and other 
products of anillllli origin. STEC strains can sUfl'i\'c in 
refriger:lled or frozen food for long periods and thus easil)' 
contami nme conSUlners. 

As food .'i:lmples usually hal'e low numbers of () 157stmins, 
enrichment methods such as immullomagnetic separatiO!ls 
should be used to isolate these microorganisms. F.conomica! 
limitations in the usc of improved enrichment procedures and 
the laek of differential media fordetectioll of all other nOll-O 157 
serotypes is still a dr..lwbaek in STEC screening in developing 
countries. 

Furthermore, although food borne diseases arc important 
issues to health authorities all ol'er the world, they arc under­
reportcd leading to a scarcity of d"ta especially in developing 
countries . 
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RF..5UMO 

Prcvalcneia e earaeterlsticas de cepas de Escherichia 
coli produtoras de toxina Shiga (STEC) em carne 

bovina eolctada em Soio PlIulo, Brasil 

o objctil'o deste eSlUdo foi I'erificnr a ocorrencia de 
Escherichia coli produlorJ de toxina Shiga (STEC) em amostms 
de carne moida crua eomercializadas em duas eidades do J-:Stado 
de Silo Paulo, Br:lsil. Urn lotal dc 250 amostTaS de carne moida 
erua fo! co1ctado dc a,ouglles locais durante 0 periodo de Mar,o 
a Dczcmbrode 2002 . nascidadcsdc Ribcirdo Preto( 114amoslnls) 
e de Campinas (136 amostnls), Estado de S50 Paulo, Br:\sil.As 
amostnls for:lm proc("ssadas dc lIcordo com os lllctodos de 
refercncia. lim tolal de 591 colOnias de E.coli foi submclido.) 
Irenic;! de hibridizar,:ao de colunias u~ll1do sondas espccificas 
de DNA para a dClec,ao das seqiicncias sIx" .rlx! e cae. 
Car.tcteri7ll,6cs adicionais das CCjXls SI"EC inclufmm a pesquisa 
da scq(icncia citrA, a detec,iio da entcrohemolisina e a pesquisa 
da express;io de toxina Shiga utilizando testes com cclulas Vero . 
Em quatro amostr:ls (3,5%) colctadas em Ribcir;10 Prelo, forum 
encolltraJ"s cepas· STEC, mas todas aquclas da regiiio de 
Campinas for:uTI negativas. As cepas de STEC pertenci;un nos 
soroti pas 093: H !9, ONT: HNT, ONT: H7 , c 0 174: HNT.Tres cepas 
tinham 0 perfil stx, ehxA e umil era Ixmlldora das seqUcncias 
stx" SfX,C elixA. Considerando que entre os alimcntos de origem 
animal,a carnc mofda ainda rcprcsellla um importante rclculo de 
Iransmissiio de STEC , eSlcs dados a1cnam para a necessidade 
de lima I'igilil.neia dll presen,a destcs microrganisrnos capazes 
de sobre\'ivcr em condi,6es dcsfavor;:ivcis, espccialmcntc 
quando os prodmos sao refrigerados ou congelados por longos 
pcrfodos, podendo SCT causas de importantes sunos afetando 
grnnde nlimero de consumidores. 

Palavras-ehaves: E.~chcrichia coli; loxina Shiga; STEC; 
Sorotipos; Carne moida 
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