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Abstract

Verotoxigenic Escherichia coli (VTEC) are one of the most important emerging foodborne pathogens and the
principal cause of hemolytic uremic syndrome (HUS). This entity has been recognized worldwide as a priority
issue in the field of zoonoses and public health, and Argentina is the country with the highest incidence of HUS
in children less than 5 years of age.The lack of specific treatment, combined with the high morbidity rate of
VTEC infection, makes prevention the main tool for reducing the incidence of HUS. The current work aimed at
assessing the factors associated with sporadic VTEC infection in children with acute diarrhea from the Central
Eastern area of Argentina where the incidence rate of HUS in children under 5 is the highest worldwide. A
univariate analysis was performed to identify potential factors associated with VTEC infection by calculating
odds ratios (OR) with 95% confidence intervals (CI). Then, a multivariate logistic regression model was per-
formed. Interaction and association between significant factors were checked. ‘‘Recent consumption of food
prepared outside home’’ (OR: 2.4, 95% CI 1.05–5.7) and ‘‘recent vegetables consumption’’ (OR = 0.4; 0.2–0.8) were
identified as independent factors associated with VTEC infection. We believe that the data obtained from this
study further the current knowledge about the epidemiology of VTEC infection in Argentina and could be
considered when planning strategies for the prevention of the disease.

Introduction

Verotoxigenic Escherichia coli (VTEC) are one of the
most important emerging foodborne pathogens (Parry

et al., 1998; Karch et al., 1999) present in animal and human
feces. Most VTEC outbreaks and sporadic infections are as-
sociated with the intake of undercooked beef (Rodrigue et al.,
1995; CDC, 1997; Karch et al., 1999), the consumption of un-
pasteurized dairy products, or contaminated water or vege-
tables (McDowell and Sheridan, 2001; Tozzi et al., 2001;
Looper et al., 2006; Denny et al., 2008; Söderström et al., 2008).

VTEC infection in children can cause gastroenteritis, and
approximately 5%–15% of infections develop hemolytic ure-
mic syndrome (HUS). The latter is defined by acute renal
failure, thrombocytopenia, and microangiopathic hemolytic
anaemia. Currently, there is no specific treatment for HUS,
and the mortality rate among clinical cases is about 5% (Re-
petto, 1997; Rivas et al., 1998; Noris and Remuzzi, 2005). After

recovery from the acute stage, 20%–40% of patients may
suffer persistent forms of renal sequelae. From 3% to 15% of
these children will develop terminal chronic renal failure re-
quiring kidney transplantation (Loirat, 1993; Repetto, 1997;
Spizzirri et al., 1997; Gerber et al., 2002; Karch et al., 2005).
Almost all diarrhea-associated HUS cases in children are due
to VTEC infection, belonging to O157:H7 or non-O157:H7
serotypes (Proulx et al., 2001; Tarr et al., 2005; Rivas et al.,
2008).

Argentina has the worldwide highest incidence of reported
HUS cases (13.9/100 000 children aged 5 or less) (SINAVE,
2004; Rivas et al., 2006, 2008; Ibarra et al., 2008). HUS repre-
sents the main cause of acute renal failure and is one of the
leading causes of chronic renal failure and renal transplanta-
tion in children (Rivas et al., 2006, 2008). Although cases are
reported throughout the whole year, in the Central and
Southern provinces the frequency of HUS is higher, especially
during warm months (SINAVE, 2004; Rivas et al., 2006; Ibarra
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et al., 2008). For example, in Buenos Aires and Córdoba
provinces (located in the Central Eastern region of the coun-
try), the mean incidence rate of HUS is almost 20/100,000
children aged 5 or less (SINAVE, 2004). Due to the high rate of
HUS in Argentina, the lack of specific treatment, and the se-
vere sequelaes associated with this disease (Rivas et al., 2006,
2008), primary prevention of VTEC infection is essential to
reduce the incidence of HUS. Such preventive measures
should be based on a detailed understanding of the local ep-
idemiology of this infection (Karch et al., 1999, 2005; Tozzi
et al., 2001; Tarr et al., 2005). However, despite the importance
of HUS for Public Health, the factors connected with this in-
fection in our country have yet to be fully understood.

The objective of the study was to identify factors associated
with sporadic VTEC infection/HUS in children aged up to 6
with acute diarrhea from the Central Eastern area of Argentina.

Materials and Methods

Study design

A cross-sectional study was carried out in the Central
Eastern area of Argentina (El Palomar, Tandil and Bahı́a
Blanca cities, located in Buenos Aires Province, and Rı́o
Cuarto city, located in Córdoba Province) (F1 c Fig. 1).

Stool samples from children up to 6 years old with acute
diarrhea were collected, identified by code number, and kept
refrigerated in Stuart transport medium until they were ana-
lyzed in the laboratory. Patients included in the study (n = 437)
were diagnosed by a physician when they were treated at
hospitals, clinics, and other health centers. The median age of
the patients was 18 months (ranging from 1 to75 months).

VTEC/HUS case was defined as a patient having either
VTEC-associated diarrhea and/or diarrhea-associated HUS
(n = 63). Noncase was defined as a patient having diarrhea
associated with neither VTEC nor HUS (n = 374). Cases and
noncases belonged to the same sample—they were not

selected for their condition of cases or noncases. Instead, in-
dividuals were tested for the presence of the disease and for
the exposure status.

Acute diarrhea was defined as a change in normal stool
pattern, characterized by a decrease in consistency and an
increase in the frequency of bowel movements to over three
stools per day for a period of less than 4 weeks (Baldi et al.,
2009).

Stool samples were tested for the presence of VTEC by a
multiplex polymerase chain reaction. Bacteriological and
polymerase chain reaction procedures had been described in a
previous study (Rivero et al., 2010).

Data gathering and statistical analysis

Considering that the median incubation period of VTEC
infection is of 3 days (Tarr et al., 2005), recent exposure was
defined as the last 72 hours before the beginning of diarrhea.
For each patient included in the study, a structured ques-
tionnaire was filled out requiring information about factors
that could be associated with VTEC infection. Not all cases
were able to provide information on every aspect surveyed.

b T1Table 1 shows the factors selected for study, their categori-
zation, and the number of responses corresponding to the
cases and noncases.

First, a univariate analysis was performed to assess asso-
ciations between the dependent variable (case/noncase) and
the independent variables (potential risk or protective fac-
tors). Associations among all independent variables were also
assessed. All variables were compared by using a w2-test. The
null hypothesis was that there were no differences between
groups, and alpha was 5%. Second, a stepwise-forward lo-
gistic regression was performed with VTEC/HUS case/non-
case as the dependent variable, and patient characteristics
were offered as independent variables (SAS, 2009). When
seeking for the simplest model that could explain the presence
of VTEC/HUS in patients with diarrhea, only variables sig-
nificantly associated ( p < 0.05) with the dependent variable
after w2-tests were offered to the model. The estimation
method was maximum likelihood with a convergence crite-
rion of 1E-8. Interaction and potential confounding factors
were also tested. Analyses were performed using Epi Info
3.5.1 (CDC and WHO, 2008) and SAS 9.1.3. (2009).

Ethical considerations

Recommendations established in the Declaration of Hel-
sinki for Biomedical Research Involving Human Subjects,
adopted by the 18th World Medical Assembly (Helsinki,
Finland, 1964) and revised by the World Medical Assembly in
Tokyo (1975), Venice (1983), Hong Kong (1989), Somerset
West (1996), Edinburgh (2000), Washington (2002), Tokyo
(2004), and Seoul (2008), were followed.

Results

Univariate analysis of all the variables studied

b T2Table 2 shows the exposition of VTEC/HUS cases and
VTEC/HUS noncases to the variables under study and the
estimate odds ratios (OR) and 95% confidence intervals (CI).
There was a significant association ( p < 0.05) between VTEC
infection and factors related to quality of housing (HUS/
VTEC infection cases were less likely to have had garbage

FIG. 1. Geographical location of health centers involved in
the study.

2 RIVERO ET AL.

FPD-2010-0800-ver9-Rivero_1P.3d 03/24/11 12:04pm Page 2



disposal than noncases), time of the year (the frequency of
VTEC infection/HUS was higher during the warm months),
recent travel (cases were more likely to have travelled re-
cently), and food consumption (cases were more likely than
noncases to have recently consumed meat and food prepared
outside home. However, they were less likely to have recently
consumed vegetables).

When assessing associations among all independent vari-
ables that were related to VTEC infection/HUS, a direct link
was found between ‘‘recent vegetables consumption’’ and
‘‘recent meat consumption’’ ( p = 0.02) as well as between
‘‘recent consumption of food prepared away from home’’ and
‘‘recent travel’’ ( p < 0.01) (T3 c Table 3).

Multivariate analysis of variables associated
with HUS/VTEC infection

Since the variable ‘‘recent consumption of food prepared
outside home’’ was associated with the variable ‘‘recent
travel,’’ multicollinearity was present. Since both variables

would be measuring the same effect, we decided to perform a
model with all the variables that were statistically significant
in the univariate analysis ( p < 0.05), excluding the variable
‘‘recent travel.’’ In this model, ‘‘recent consumption of food
prepared outside home’’ (OR: 2.4, 95% CI 1.05–5.7) and ‘‘re-
cent vegetables consumption’’ (OR: 0.4, 95% CI 0.2–0.8) were
independently associated with HUS/VTEC infection. No in-
teractions were detected between the covariates included in
the model. The results of the multivariate logistic regression
analysis are shown in b T4Table 4.

Discussion and Conclusions

The data obtained in this study allow us to determine two
factors independently associated with HUS/VTEC infection
in a sample of children with acute diarrhea from the Central
Eastern area of Argentina. Cases were 2.4 times more likely
than noncases to have recently consumed food prepared
outside home and were 2.5 times less likely to have recently
consumed vegetables.

Table 1. Factors Selected for Studying Verotoxigenic Escherichia coli Infection-Association,

Categories and Number of Responses of Cases and Noncases

Factor Categories Cases responses Noncases responses

Age > 6 months/ £ 6 months 62 361
Gender female/male 63 372
Health insurance Yes/No 59 341
Concrete house Yes/No 56 336
Overcrowded housing (more than two people in each room) Yes/No 17 196
Sewege service Yes/No 59 340
Electric light service Yes/No 59 353
Tap water provision Yes/No 59 351
Natural gas service Yes/No 59 349
Garbage disposal Yes/No 58 347
Animals in the house Yes/No 52 264
Season Warm/Cold 63 374
Attendance at school or recreational facilities Yes/No 51 276
Breast feeding Yes/No 58 335
Regular cow’s milk consumption Yes/No 59 343
Regular pasteurized cow’s milk consumption Yes/No 43 255
Regular vegetables consumption Yes/No 55 325
Regular meat consumption Yes/No 53 330
Regular fruit consumption Yes/No 54 326
Regular pasta consumption Yes/No 49 310
Recenta ground beef consumption Yes/No 55 339
Recenta meat consumption Yes/No 45 261
Recenta vegetables consumption Yes/No 44 259
Recenta sauces consumption Yes/No 45 260
Recenta fruits consumption Yes/No 44 256
Recenta cereals consumption Yes/No 45 256
Recenta flour consumption Yes/No 45 260
Recenta dairy products consumption Yes/No 45 258
Recenta juices consumption Yes/No 44 256
Recenta soft drinks consumption Yes/No 45 256
Recenta eggs consumption Yes/No 45 259
Recenta fried food consumption Yes/No 44 256
Recenta candies consumption Yes/No 44 257
Recenta oils consumption Yes/No 45 259
Recenta chocolate consumption Yes/No 26 256
Recenta consumption of food prepared outside home Yes/No 44 289
Patient’s history of acute diarrhea Yes/No 52 324
Contact’s history of acute diarrhea Yes/No 51 328
Recenta travel Yes/No 55 356

aIn the last 72 hours.
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Table 2. Univariate Analysis of the Most Relevant Factors Studied

Factor
Cases No. exposed/

total (%)
Noncases No. exposed/

total (%) OR (CI 95%) p-Value

Age 61/62 (98) 335/361 (92.8) 4.73 (0.67–35) 0.07
Gender 32/63 (50.8%) 166/372 (44.6) 1.3 (0.7–2.2) 0.4
Health insurance 41/59 (69.5) 216/341 (63.3) 1.3 (0.7–2.4) 0.4
Concrete house 52/56 (92.9) 323/336 (96.1) 0.5 (0.2–1.6) 0.3
Overcrowded housing 1/17 (6) 29/196 (14.8) 0.4 (0.1–2) 0.3
Sewege service 41/59 (69.5) 234/340 (68.8) 1 (0.6–1.9) 0.9
Electric light service 57/59 (96.6) 351/353 (99.4) 0.2 (0–1) 0.09
Tap water provision 48/59 (81.3) 308/351 (87.7) 0.6 (0.3–1.2) 0.2
Natural gas service 47/59 (79.7) 265/349 (76) 1.2 (0.6–2.4) 0.5
Garbage disposala 50/58 (74.3) 326/347 (93.9) 0.4 (0.2–0.9) 0.03
Animals in the house 30/52 (57.7) 159/264 (60.2) 0.9 (0.5–1.6) 0.7
Seasona 45/63 (71.4) 202/374 (54) 2.1 (1.2–3.8) 0.01
Attendance at school or recreational facilities 24/51 (47) 120/276 (43.5) 1.2 (0.6–2) 0.6
Breast feeding 53/58 (91.4) 297/335 (88.6) 1.4 (0.5–3.5) 0.5
Regular cow’s milk consumption 44/59 (74.6) 280/343 (81.6) 0.7 (0.3–1.2) 0.2
Regular pasteurized cow’s milk consumption 37/43 (86) 239/255 (93.7) 0.4 (0.2–1) 0.07
Regular vegetables consumption 47/55 (85.4) 296/325 (91) 0.6 (0.2–1.3) 0.2
Regular meat consumption 52/53 (98) 312/330 (94.5) 3 (0.5–16.2) 0.3
Regular fruit consumption 50/54 (92.6) 303/326 (93) 0.9 (0.3–2.7) 0.9
Regular pasta consumption 46/49 (94) 288/310 (93) 1.2 (0.4–3.8) 0.8
Recent ground beef consumption 20/55 (36.4) 105/339 (31) 1.3 (0.7–2.3) 0.4
Recent meat consumptiona 40/45 (88.9) 196/261 (75.1) 2.6 (1.0–6.7) 0.04
Recent vegetables consumptiona 19/44 (43.2) 164/259 (63.3) 0.4 (0.2–0.8) 0.01
Recent sauces consumption 14/45 (31) 114/260 (44) 0.6 (0.3–1.1) 0.1
Recent fruits consumption 13/44 (29.5) 66/256 (25.8) 1.2 (0.6–2.4) 0.6
Recent cereals consumption 10/45 (22.2) 65/256 (25.4) 0.8 (0.4–1.8) 0.6
Recent flour consumption 25/45 (55.5) 177/260 (68) 0.6 (0.3–1.1) 0.1
Recent dairy products consumption 34/45 (75.5) 207/258 (80.2) 0.8 (0.4–1.6) 0.5
Recent juices consumption 8/44 (18.2) 80/256 (31.2) 0.5 (0.2–1) 0.08
Recent soft drinks consumption 10/45 (22.2) 41/256 (16) 1.5 (0.7–3.2) 0.3
Recent eggs consumption 8/45 (17.8) 61/259 (23.5) 0.7 (0.3–1.6) 0.4
Recent fried food consumption 8/44 (18.2) 56/256 (21.9) 0.8 (0.4–1.8) 0.6
Recent candies consumption 7/44 (15.9) 38/257 (14.8) 1 (0.5–2.6) 0.8
Recent oils consumption 21/45 (46.7) 144/259 (55.6) 0.7 (0.4–1.3) 0.3
Recent chocolate consumption 2/26 (7.7) 26/256 (10.1) 0.4 (0.1–1.6) 0.2
Recent consumption of food prepared 11/44 (25) 38/289 (13.14) 2.2 (1–4.7) 0.04
Patient’s history of acute diarrhea 12/52 (23) 73/324 (22.5) 1 (0.5–2) 0.9
Contact’s history of acute diarrhea 18/51 (35.3) 110/328 (33.5) 1 (0.6–2) 0.8
Recent travela 21/55 (38.2) 79/356 (22.2) 2.2 (1.2–3.9) 0.01

The results are expressed in No. exposed/total (%) and were calculated according to the information that was available from the patient
questionnaires; not all information was available for each patient.

aFactors significant at the 5% significance level.
OR, odds ratio; CI, confidence interval.

Table 3. p-Values Resulting from the Bivariate Analysis Performed Among Factors Associated

with Verotoxigenic Escherichia coli Infection

Garbage collection
service

Warm
season

Recent meat
consumption

Recent vegetables
consumption

Recent consumption of food
prepared outside home

Recent
travel

Garbage disposal — 0.76 0.08 0.77 0.41 0.36
Warm season — — 0.13 0.75 0.12 0.77
Recent meat consumption — — — 0.02a 0.56 0.43
Recent vegetables consumption — — — — 0.21 0.89
Recent consumption of food

prepared outside home
— — — — — <0.01a

Recent travel — — — — — —

aFactors significant at the 5% significance level.
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Recent travel history has been described as a risk factor as-
sociated with VTEC infection. Schmid et al. (2002) postulated
that VTEC infections may have some implication for traveler’s
diarrhea. O’Brien et al. (2001) also found that a history of having
travelled during the exposure period was associated with an
increased risk of infection. It should be noted that under such
circumstances, a person is more likely to eat food prepared
outside home, which might be prepared or preserved under
nonideal conditions. We actually found that patients who had
travelled recently had consumed food prepared outside home
more frequently than patients who had not travelled. More-
over, eating foods prepared outside home has been described
as a factor associated with VTEC infection in different studies
(Locking et al., 2001). In this work, ‘‘recent consumption of food
prepared outside home’’ was independently associated with
VTEC infection, as ‘‘recent travel’’ did not always account for
this factor. In fact, of the 11 cases that were exposed to ‘‘recent
consumption of food prepared outside home,’’ 3 (27.3%) had
not travelled recently. It is, therefore, strongly advised that we
be more careful and monitor food that children could eat from
restaurants, cafes, street vendors, schools, and so on.

Although in certain outbreaks vegetables were involved as
vehicles for VTEC infection (Ackers et al., 1998; Hilborn et al.,
1999; CDC, 2006; Grant et al., 2008; Söderström et al., 2008), the
results obtained from this study suggest a possible risk re-
duction in VTEC infection (in this case sporadic) associated
with the consumption of this kind of food. Other studies
carried out in the United States (Kassenborg et al., 2004;
Voetsch et al., 2007), Scotland (Locking et al., 2001), and Ar-
gentina (Rivas et al., 2008) have also pointed out the protective
effects of a diet that includes vegetables. The mechanisms that
mediate this effect appear not to be related to the replacement
of potentially riskier foods (e.g., those of animal origin) by
vegetables—in fact, ‘‘vegetables consumption’’ proved to be
positively associated with ‘‘meat consumption.’’ Therefore,
they may rather result from the benefits of a balanced diet that
might increase resistance to disease by providing the neces-
sary intestinal flora, micronutrients, and other substances that
promote the protection against pathogen colonization (Kas-
senborg et al., 2004; Voetsch et al., 2007; Rivas et al., 2008).
People with a balanced diet could be more informed and
aware of hygienic measures during food preparation or may
spend more money on high-quality raw materials and in-
gredients. Unfortunately, the findings of this study cannot
confirm this. Instead, we found there are no differences be-
tween noncases that eat vegetables and noncases that do not
eat them in regard to sewage services, tap water provision,
electric light service, health insurance, and so on.

The current study design does not allow drawing any in-
ferences for the general population but rather estimates the
risks among young children with diarrhea of being a VTEC/
HUS case. Conclusions of this study may, consequently, be
generalizable only to children with diarrhea.

We believe that some of the factors associated with diarrhea
were not detected in this study, because they are present in
both groups of cases and noncases. Instead, the factors we
found associated with VTEC infection are specific to this in-
fection and not to other pathogens.

Potential biases of this study are selection biases (some
children with diarrhea who live far away from hospitals may
not have received any medical attention and for that reason
were not included in the study), recall biases (especially when
the patient-has-had-mild-diarrhea cases are less likely to re-
member exposure), and misclassification biases (in some
cases, samples may have been taken at a time when the child
was not excreting VTEC, therefore resulting in a false non-
case).

The results obtained from this study further the current
knowledge on the epidemiology of VTEC infection in the
Central Eastern area of Argentina. The factors that emerged as
associated with VTEC infection could be taken into account
when planning strategies for the local prevention of the dis-
ease in order to diminish the incidence of HUS in this region.
Eating a varied diet that includes fruits and vegetables and
being more careful when traveling and consuming food pre-
pared outside the home could be beneficial to the prevention
of this infection.
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Table 4. Multivariate Logistic Regression Analysis of Factors Associated with Verotoxigenic

Escherichia coli Infection in the Bivariate Analysis

Factor b Standard error p-Value OR 95% CI

Constant - 2.06 0.60 0.0007 — —
Garbage disposal 0.25 0.54 0.64 1.7 (0.2–13.6)
Warm season 0.18 0.21 0.40 1.4 (0.6–3.3)
Recent meat consumption 0.44 0.32 0.18 2.4 (0.7–8.6)
Recent vegetables consumptiona - 0.53 0.20 0.008 0.35 (0.16–0.8)
Recent consumption of food prepared outside home 0.30 0.23 0.18 1.8 (0.7–4.4)
Recent travela 0.61 0.20 0.003 3.4 (1.5–7.6)

aFactors significant at the 5% significance level.
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