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Abstract

In September 2005, Sanitary Surveillance Service of the Municipality of Rio 
de Janeiro, Brazil, investigated a gastroenteritis case involving a 13-year-old 
teenager hospitalized due to bloody diarrhea and severe abdominal pain. Special 
attention was given due to the severity of symptoms and an epidemiological 
investigation was conducted in two states of Brazil. Escherichia coli O157:H- 

was isolated from stools and from a tomato salad added with cheese prepared 
in the canteen of high school where the teenager studied. This is the report of 
the first case of gastroenteritis related to E. coli O157:H- in Brazil.

Keywords: Foodborne disease; Enteropathogenic Escherichia coli; Shiga-
toxin

have reported that serotypes H7 and H- may be involved in foodborne 
outbreaks even without a uniform production of Shiga-toxin. Other 
study reported that some strains of E. coli O157:H- may lost stx 
genes during infections, isolation and cultures and others strains 
of E. coli O157:H- that are Shiga-toxin positive evolved from non-
Shiga-toxin producing E. coli O157:H- strains, acquiring stx genes 
from bacteriophages [9]. Shiga-toxin production generally occurs 
due to the induction of stx genes after stress conditions, mainly 
oxidative stress [12]. Karch and Bielaszewska [9] have suggested that 
E. coli O157:H- is frequent involved in foodborne outbreaks during 
cold periods of the year, mainly involving children <3 years-old. 
Bielazewska [13] also demonstrated that E. coli O157:H- was isolated 
from dairy cattle, indicating that these king of animals can be natural 
reservoirs, just as they are for E. coli O157:H7. Nielsen, et al. [14] 
reported that sorbitol fermenting and Shiga-toxin producing E. coli 
O157:H- are rare but emergent in Europe and syndromes produced 
by these strains frequently result in HUS. Brandal et al. [15] have 
reported that E. coli O157:H- cases were frequent in Europe, but its 
reservoir and exposure routes remained unknown. Sallam et al. [16] 
demonstrated that sorbitol fermenter E. coli O157:H- emerged as an 
important foodborne pathogen in Africa and this microorganism has 
been responsible for HUS cases, even with higher rates than non-
fermenting sorbitol E. coli O157:H7. 

In Brazil, E. coli O157:H7 has been rarely isolated, however few 
studies demonstrated its presence in bovine feces [17,18] and recently, 
in ground meat [19] and on bovine carcasses [20]. Additionally, 
there were only two registered gastroenteritis cases attributed to E. 
coli O157:H7 after the consumption of rare red meat, in 2001, in 
Campinas/SP [21], but there is no register of human gastroenteritis 
involving E. coli O157:H-. The aim of this study was to describe the 
first case of human foodborne disease caused by E. coli O157:H– in 
Brazil.

Introduction
Escherichia coli are a broad group of bacteria including harmless 

commensals up to highly pathogenic strains [1]. Among them, 
Enterohaemorrhagic Escherichia coli (EHEC) constitute a subset 
of serotypes of Shiga-Toxin (Stx)-Producing E. coli (STEC) firmly 
associated with severe human illnesses like bloody diarrhea and 
Hemolytic Uremic Syndrome (HUS).  STEC/EHEC strains have 
been isolated from several foods, including an increasing number 
of unusual food vehicles associated with human infections [2-5]. 
Currently, the most common STEC associated with human diseases 
is E. coli O157:H7 [6] and the identification of the H7 flagellar antigen 
is critical for the confirmation of this strain, however, some clinical 
isolates of E. coli O157 are Nonmotile (NM) and do not produce 
detectable H antigen [7], being designated E. coli O157:NM or E. coli 
O157:H-. 

E. coli O157: H- was first recognized as food pathogen in 1988, 
during an HUS outbreak, in Bavaria, Germany [8]. The strain involved 
with this outbreak had stx2 gene, responsible for the expression of 
Shiga-toxin, was non-motile and was able to ferment sorbitol. The 
finding of this uncommon O157 strain causing HUS in humans 
motivated in-deep studies. For example, in Germany, during the 
period between 1988 and 1991 [9], calculated the percentage of cases 
of E. coli O157:H- responsible for diarrhea and HUS and have shown 
7.4 to 25% and 13.3 to 40.5% of the cases of these two syndromes were 
caused by E. coli O157:H-, respectively. Also in Bavaria, during the 
winter of 1995/1996, one big outbreak was caused by E. coli O157:H-, 
resulting in 28 children-cases of HUS and 3 fatal victims [10]. The 
mechanisms of pathogenicity of E. coli O157:H- are not completely 
understood and some hypotheses raised. For example, in Austria 
[8], suggested that Shiga-toxin production was not essential for 
pathogenicity of E. coli O157 in humans. Similarly, in Germany [11], 
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Materials and Methods
Outbreak investigation

The foodborne outbreak was investigated by the Sanitary 
Surveillance Service of the municipality of Rio de Janeiro, Brazil, 
following recommendations of Pan-American Health Organization/
World Health Organization [22]. Sanitary Surveillance Service of 
the State of Minas Gerais helped Sanitary Surveillance Service of Rio 
de Janeiro in epidemiological investigation, because the victim and 
involved people had travelled to Minas Gerais some days before the 
burden of symptoms. 

Notification and general investigation procedures
The outbreak notification occurred by telephone (September 13, 

2005) informing a case of severe diarrhea to the Technical Center 
of Sanitary Surveillance Service of Rio de Janeiro (RJ), starting 
routine foodborne investigation. Officers were mobilized to carry 
out in-depth investigation with the victim and involved persons 
and to collect stool and food samples, if possible. Case patient and 
controls were interviewed personally or by telephone using routine 
questionnaire for foodborne outbreaks investigation. Hypothesis-
generating questions were done in order to identify commonly 
consumed foods and places of consumption. Suspect establishments 
were visited in Rio de Janeiro and Minas Gerais in order to verify 
Good Hygiene Practices (GHP), Standard Operating Procedures 
(SOP) and adherence to the Brazilian food safety regulation. Food 
handlers were interviewed regarding food preparation and recent 
illnesses. Stools and suspect food samples were collected and sent to 
the Reference Laboratory of Public Health of Rio de Janeiro, Noel 
Nutels in order to be analyzed following methods described by FDA/
CFSAN [23]. The identification of bacterial isolates was carried out in 
Fundacao Osvaldo Cruz, Rio de Janeiro as follow:

Microbiological testing
Stool samples (10 g) were homogenized in 90 ml peptone water 

diluent. After that, serial tenfold dilution was prepared using the 
same diluents, according to the expected level of contamination. 
0.1 ml of each dilution in duplicate was spread onto dried surface 
of sorbitol-MacConkey (SMAC) agar (Oxoid, England). The plates 
were incubated at 35oC and read after 18 h. Food samples (25 g) were 
homogenized in 225 ml of modified Trypticase Soy Broth (mTSB, 
Oxoid, England) containing 0.45 mg of novobiocin (Laborclin, 
Brazil) and incubated at 37oC for 24 h. After incubation, 0.1 ml of 
enrichment broth were spread onto Tellurite-Cefixime-Sorbitol 
MacConkey Agar (TC SMAC, Potassium tellurite 2.50 mg/liter and 
Cefixime 0.05 mg/liter) and incubated at 37oC for 24 h. Sorbitol-
negative colonies (pale colonies) were picked from TC SMAC and 
characterized by biochemical tests (indole and beta-glucuronidase 
assay). Motility was carried out successively growing suspect isolates 
in semisolid agar (concentrations of 0.2% to 0.8%) according to Ewing 
[24]. Non-motile, indole-positive and beta-glucuronidase-negative 
isolates were tested for agglutination with E. coli O157 antiserum 
in the Reference Laboratory of Enterobacteriaceae in Fundacao 
Osvaldo Cruz-FIOCRUZ, following methods of FDA/CFSAN [21] 
and Orskov and Orskov [25]. O157-positive isolates were further 
analyzed by tissue culture assay for verotoxins (Shiga-like toxins) [23] 
as described below. Non-O157 STEC isolates were not investigated.

Tissue culture assay for verotoxins 
Bacterial culture preparation: E. coli O157 isolates were 

inoculated in 20 ml Trypticase Soy Broth (TSB) and incubated at 
37°C for 20-24 h. Bacterial cultures were centrifuged at 7000xg for 
30 min and the supernatant was filtered through 0.45 μm membrane 
in order to remove residual cells. The filtrate was stored at 4°C and 
before use, was 1:5 diluted in Dulbecco’s phosphate-buffered saline 
(DPBS), pH 7.0.

Preparation of vero monolayer’s: Vero culture was maintained 
in Eagle’s minimal essential medium (MEME-L15) containing 2% 
milk serum added of gentamicin sulfate (50 μg/ml). Before use, the 
purity of culture was checked in 5% CO2 incubator held at 36°C for 
72 h. Normal cells were treated with trypsin to remove monolayer. 
Cells were suspended to the density of 105 per ml in growth medium 
and portions of 0.5 ml were transferred to 16 mm wells in sterile 
plastic dishes. Cells were incubated for 3-4 days at 36°C in CO2 
incubator. Growth medium was removed and replaced with 0.5 ml 
fresh medium.

Toxicity test
Portions of 0.05 ml of diluted culture filtrates were transferred to 

wells and incubated for 4 days at 36°C in CO2 incubator. Cytopathic 
effect was examined daily for rounded and shriveled cells and 
detachment). Dilute TSB 1:5 in DPBS was used as control [23]. 

Results
Foodborne outbreak description 

At night of September 13, 2005, a 13-years-old boy was 
hospitalized in the Pediatric Medical Center of Barra da Tijuca, Rio 
de Janeiro (RJ), resulting in the notification of the case. Medical 
reports demonstrated intense abdominal pain and severe diarrhea. 
Computerized tomography and ultra-sound revealed mesenteric 
adenitis. Clinical symptoms evolved to bloody diarrhea, cramps 
and one emetic episode. Intravenous antibiotic treatment was used 
each 12 hours (Rocefin, Roche). At September 16, 2005, the patient 
returned to home. Coproculture revealed a sorbitol-negative, indole 
positive, non-motile E. coli. The strain agglutinated O157 antiserum, 
being identified as E. coli O157:H-.

The victim declared that the week before the burden of symptoms, 
had lunch and consumed different meals at the canteen of school 
where he studied, at the city of Jacarepagua, RJ. The canteen was 
served by an outsourced catering service. At home, the meals were 
composed mainly by red meat, fruits and vegetables, purchased in 
three commercial food establishments. The day before the beginning 
of symptoms, the teenager and his family had lunch at the restaurant 
of the residential condominium where they lived, at Barra da Tijuca, 
RJ. The dairy routine of victim was going to school, play with friends 
at residential condominium, play football and swim in the swimming 
pool. The family did not get sick even eating the same foods and meals 
of teenager, at the same restaurant and at home, except at school 
canteen. 

Five days before get sick, the victim traveled to Tiradentes city, 
State of Minas Gerais (from 08 to 10/09/2005), in a travel organized 
by school. He had several meals at different restaurants of diverse 
cities, eating barbecue (including rare bovine meat), pizza, snacks, 



Austin J Nutri Food Sci 5(1): id1083 (2017)  - Page - 03

Tondo EC Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

lettuce, pepper, homemade ice cream and water from a font in a 
touristic city. Teachers and other students that also were in the tour 
were interviewed in order to identify possible consumption of foods 
commonly linked to transmission of E. coli O157 (rare red meat, 
non-potable water, fruits and vegetables). Among the 62 people that 
were in the tour, 58 (52 teenagers and 6 six adults) were interviewed. 
Five teenagers declared gastrointestinal symptoms after travel. One 
of them reported intense watery diarrhea, low fever, prostration, 
body pain and abdominal pain during four days. There were no 
nausea or vomit episodes. The same teenager had sore throat with 
oropharyngeal hyperemia. During the travel, students have eaten 
hamburgers, snacks, rare red meat, vegetables, fruits, non-potable 
water, homemade ice cream and Mina’s type cheese. 

At September 16, 2005, Sanitary Surveillance Service of the State 
of Minas Gerais sent a technical note and a sanitary alert informing 
about the foodborne case notified at Rio de Janeiro and the possible 
involvement of food establishments where the group had their meals 
during the travel to Minas Gerais. Official inspections were carried 
out in the establishments of Minas Gerais, as well. Inspections were 
done aiming at the verification of GHP and SOP, traceability of raw 
material and manipulation of suspect foods, as hamburgers and 
unpasteurized cheeses. Sanitary officers did not found important 
irregularities inside food establishments, turning the attention to 
food contamination inside the canteen school at Rio de Janeiro city 
where teenagers had meals before travel. 

Based on this, several foods served at school canteen were 
sampled and sent to the Reference Laboratory of Public Health of 
Rio de Janeiro Noel Nutels. A Tomato salad added with Minas type 
cheese demonstrated inadequate sensorial characteristics and counts 
of thermo tolerant coli forms above the limit established by Brazilian 
Microbiological Standard regulation [26]. The sampling was carried 
out some days after the beginning of victim symptoms and the analysis 
demonstrated E. coli O157:H-, stx gene negative. Based on the results, 
this food was considered the most probable vehicle of the foodborne 
disease. Additional sampling of Minas type cheese was carried out at 
supermarket where the cheese was purchased, but E. coli O157:H- was 
not found. Other sources of contamination also could be tomato used 
for salad or food handlers, but these were not investigated. 

Discussion
This study describes a foodborne outbreak occurred in Rio de 

Janeiro, Brazil, with characteristics indicating a foodborne illness 
caused by E. coli O157:H-. The incubation time, victim’ symptoms 
and the isolation of E. coli O157:H- from the patient stool and 
from a tomato salad added of a regional cheese prepared in a food 
establishment where the victim had made some meals strongly 
indicated that the foodborne outbreak was caused by E. coli O157:H-. 
An interesting fact was that the E. coli O157:H– isolated from patient’s 
coproculture was verotoxin-positive, while the strain isolated from 
the tomato salad did not produce verotoxin in culture tissue assay. 
Some possible explanations for these results are the lost of stx genes 
or the incapacity of expression of these genes outside of intestine. For 
example, Themphachana, et al. [27] have reported a stx-negative E. 
coli O157 causing 228 cases of diarrhea in Thailand and suggested 
that the causative agent was originally stx-positive, but lost the 
gene after establishing infection. Similar results were demonstrated 

by Whatahiki, et al. [28] who characterized strains of E. coli O111 
and O157 isolated from raw beef dishes responsible for 181 infected 
patients and five deaths, in Japan. E. coli O157 isolated from stools 
demonstrated diverse stx gene profiles and molecular analyses 
indicated that isolates originated from a single clone. The same 
authors suggested that E. coli O111 stx2-positive converted in stx-
negative during infection. Recently, Licznerska, et al. [12] reported 
that the induction of stx genes of some E. coli O157 only happens 
during human infections, mainly inside intestine, explaining why 
some strains have the stx genes, but do not produce Shiga-toxin 
during in vitro tests. 

Based on epidemiological investigation and laboratorial results, 
Sanitary Surveillance Service of Rio de Janeiro assumed that the 
foodborne outbreak was caused by E. coli O157:H-. In order to avoid 
new illness cases, officers carried out new inspections in the food 
establishments where the victim used to buy foods, i.e. restaurant 
of the residential condominium where teenager lives, his school and 
supermarkets next to his home. Further, in the school, a discussion 
session was done with students, focusing on clinical symptoms and 
most probable ways of contamination of E. coli O157. Guideline 
information about food consumption in trips was sent to school, as 
well. 

In Brazil, E. coli O157 is not routinely investigated by reference 
laboratories, because this food pathogen is not frequently found on 
foods or causing reported illnesses. However, there is the possibility 
of occurrence of non-notified cases caused by this microorganism. 
The lack of reported cases in Brazil can be reflect of the low prevalence 
of E. coli O157 on foods [29,30] or because this microorganism has 
not been investigated routinely by food microbiology laboratories, 
making difficult to know the true incidence of E. coli O157 in Brazil. 

Even though information about E. coli O157 is not abundant 
in Brazil, the importance of this food pathogen is well recognized 
and based on this fact Brazil has started to implement monitoring 
programs and control measures in order to prevent E. coli O157 
illnesses. For example, the Ministry of Agriculture, Livestock and 
Food Supply published in 17, July 2015, the regulation DIPOA/SDA 
01, approving sampling and analytical procedures for investigation 
of verotoxigenic E. coli (serovars O26, 045, O103, O111, O121, 
O145 and O157) in raw beef products. This regulation will increase 
database about real prevalence of enteropatogenic E. coli serovars and 
will contribute to food safety of Brazilian food products. 

Conclusion
The present study reported the first foodborne disease human 

case caused by E. coli O157:H- case in Brazil. The isolation of the 
same microorganism in a tomato salad added with Minas type cheese 
prepared in the same local where the victim had lunch some days 
before the burden of symptoms, strongly indicated that the source of 
contamination was the canteen of school where the victim studied. 
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