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Abstract

Between April 2009 and July 2011, 311 surface water samples in 48 cattle feedlots distributed in an area of about
67,000 km2 were analyzed to examine the environmental dissemination of Escherichia coli O157:H7. Samples were
taken inside and outside the pens, exposed and not exposed to runoff from corrals, near the feedlots. Two types of
samples were defined: (1) exposed surface waters (ESW; n = 251), downstream from cattle pens; and (2) nonexposed
surface waters (NESW; n = 60), upstream from cattle pens. By multiplex PCR, 177 (70.5%) ESW samples were
rfbO157-positive, and 62 (24.7%) E. coli O157, and 32 (12.7%) Shiga toxin-producing E. coli (STEC) O157:H7
strains were isolated. In the NESW samples, 36 (60.0%) were rfbO157- positive, and 9 (15.0%) E. coli O157, and 6
(10.0%) STEC O157:H7 strains were isolated. These results showed that the environmental surface waters exposed
to liquid discharges from intensive livestock operations tended to be contaminated with more STEC O157:H7 than
NESW. However, no significant difference was found. This fact emphasizes the relevance of other horizontal routes
of transmission, as the persistence of E. coli in the environment resulting from extensive livestock farming. By XbaI-
PFGE, some patterns identified are included in the Argentine Database of E. coli O157, corresponding to strains
isolated from hemolytic uremic syndrome and diarrhea cases, food, and animals, such as AREXHX01.0022, second
prevalent pattern in Argentina, representing 5.5% of the total database. In the study area, characterized by the
abundance of waterways, pathogens contained in feedlot runoff could reach recreational waters and also contam-
inate produce through irrigation, increasing the potential dissemination of STEC O157:H7 and the risk of human
infections. The control of runoff systems from intensive livestock is necessary, but other alternatives should be
explored to solve the problem of the presence of E. coli O157 in the aquatic rural environment.

Introduction

Serotype O157:H7 is the predominant Shiga toxin–
producing Escherichia coli (STEC) that causes severe

foodborne illness, including hemolytic uremic syndrome
(HUS), worldwide (Karmali et al., 2003). The major animal
carriers are healthy domesticated ruminants, primarily cattle
(Gyles, 2007). Although undercooked beef and unpasteur-
ized dairy products have been considered the main sources of
human infection, it has become progressively clearer that
routes other than foods of bovine origin could contribute to
the epidemiology of human disease. Environmental con-
tamination with this pathogen, such as vegetables that have
been in contact with E. coli O157:H7–contaminated manure
(fertilizer) or polluted irrigation water during stages of pro-
duction and processing, has been pointed out as possible
routes of transmission (Oliveira et al., 2012).

Escherichia coli O157:H7 can survive in water with low
carbon source concentration and frequently has been isolated
from streams and rivers (Wang et al., 1996; Vital et al., 2008;
Tanaro et al., 2010). Runoff from livestock feeding opera-
tions could contaminate surface and groundwater, increasing
the risk of foodborne illness mediated by water ( Jackson
et al., 1998; O’Connor, 2002; Johnson et al., 2003). Many
water-related outbreaks associated with STEC, particularly
E. coli O157:H7, have been described (Chalmers et al., 2000;
Muniesa et al., 2006; Keene et al., 1994; Ackman et al., 1997;
Verma et al., 2007; Jackson et al., 1998; Mannix et al., 2007).

Other routes of spread of E. coli O157:H7, as biological
vectors, should be considered. However, the extent of STEC
O157:H7 transmission mediated by animal vectors is not clear.
Despite numerous studies on the reservoir and transmission
routes, many questions remain unanswered, and new studies
are needed to better understand the ecology of this pathogen.
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In Argentina, concentrated feeding operations have in-
creased while extensive systems are reduced to provide ad-
ditional cultivated land.

The objectives of this work were to examine the environ-
mental dissemination of E. coli O157:H7 on surface waters of
the cattle feedlots environment, and to establish the possible
clonal relationships between environmental isolates and
clinical or food strains included in the National Database of
Argentina.

Materials and Methods

Between April 2009 and July 2011, 311 samples of surface
water in 48 cattle feedlots were taken. The samples included
those taken in and outside the pens, exposed and not exposed
to runoff from corrals, near each feedlot setting. The farms
were distributed in an area of about 67,000 km2, in the
province of Entre Rios. The region is located in Argentine
Mesopotamia and is characterized by numerous watercourses
and hills that do not exceed 100 m. It has a humid subtropical
climate with an average rainfall of about 970 mm per year and
2 distinct seasons: a rainy, spring–summer, and another less
rainy, autumn–winter. Much of the soil is rich in clay and its
low permeability contributes to increase runoff.

Two types of samples were defined: (1) exposed surface
waters (ESW; n = 251), to refer to samples exposed to runoff
from cattle pens; and (2) nonexposed surface waters (NESW;
n = 60), to refer to watercourses or lagoons near the feedlot
but that do not receive runoff from the pens.

Two-liter samples were kept for 24 h at room temperature
in bottles with Moore swabs (Barrett et al., 1980). The swabs
were then placed in flasks with 100 mL of trypticase soy broth
(TSB; Difco, Becton Dickinson, Franklin Lakes, NJ) for 5 h,
and then exposed to acid shock (pH 4.0) for 30 min before
neutralization with TSB-Tris (pH 8.7) and incubation at 42�C
for 24 h (Grant et al., 2009). Immunomagnetic separation
(Dynal, Compiàgne, France) for E. coli O157 was performed
and the immunoconcentrate was streaked onto sorbitol Mac-
Conkey agar (Biokar Diagnostics, Beauvois, France),
O157:H7 ID� (bioMèrieux, Marcy l’Etoile, France) and
Chromagar� O157 (CHROMagar Microbiology, Paris,
France). After incubation at 37�C for 24 h, the confluent
growth zones and individual colonies were screened for stx1,
stx2, and rfbO157 genes by a multiplex PCR (mPCR) (Leotta
et al., 2005). Confirmation of isolates as E. coli was performed
through biochemical tests using API 20 E (bioMèrieux) and
other supplementary tests (Ewing, 1986), and serotyping was
conducted by standard procedure (Ørskov and Ørskov, 1984),
with somatic O157 (Oxoid Basingstoke, UK) and flagellar H7
antisera (prepared at the Instituto Nacional de Producción de
Biológicos–Administración Nacional de Laboratorios e In-

stitutos de Salud ‘‘Dr. Carlos G. Malbrán,’’ Buenos Aires,
Argentina). Genotyping of stx1 and stx2 variants was carried
out according to Scheutz et al. (2012). Macrorestriction frag-
ment analysis by pulsed-field gel electrophoresis (PFGE) was
performed using the 24-h PulseNet standardized PFGE pro-
tocol for E. coli O157:H7 (Ribot et al., 2006). Restriction
digestion of DNA was done with XbaI enzyme (Promega,
Madison, WI). PFGE images of gels were obtained by Gel Doc
2000 (Bio-Rad, Hercules, CA). Analysis of TIFF images was
carried out through the BioNumerics version 4.61 software
package (Applied Maths, Sint-Martens-Latem, Belgium) us-
ing the Dice coefficient and the unweighted-pair group with
arithmetic mean to generate dendrograms with 1.5% tolerance
values. The antimicrobial susceptibility was carried out by the
Kirby–Bauer method following the recommendations of the
Clinical and Laboratory Standards Institute (CLSI, 2007).

Statistical analysis

To establish the confidence interval to estimate the dif-
ference between two population proportions of STEC O157
strains isolated from NESW and ESW samples, we make
comparisons of two proportions from independent samples
using a free database program (EpiData).

Results

By mPCR, 177 (70.5%) ESW samples were rfbO157-positive,
and 62 (24.7%) E. coli O157, and 32 (12.7%) STEC O157:H7
strains were isolated. In the NESW samples, 36 (60.0%) were
rfbO157-positive, and 9 (15.0%) E. coli O157, and 6 (10.0%)
STEC O157:H7 strains were isolated (Table 1). All strains
were b-d-glucuronidase negative, nonsorbitol fermenting, and
susceptible to cephalothin, nalidixic acid, ciprofloxacin, tri-
methoprim–sulfamethoxazole, nitrofurantoin, gentamicin, and
fosfomycin, while 16% were resistant to tetracycline and 9% to
ampicillin and ampicillin–sulbactam.

Of the total 38 STEC O157:H7 strains isolated, the prev-
alent genetic profile was stx2a (19, 50%) followed by stx2a/
stx2c (18, 47.4%), and only 1 (2.6%) strain was stx1a/stx2a. All
strains harbored the eae, ehxA, and fliCH7 genes. The stx-
negative E. coli O157 strains were not analyzed. By XbaI-
PFGE, 16 different patterns were established with 83.9%
similarity, and 29 strains were grouped in 7 Clusters (I–VII)
of 2–10 strains each one and 100% homology. Nine strains
showed a unique pattern, and one of these strains harbored the
stx1a/stx2a genotype (Table 2 and Fig. 1).

Cluster I included 10 stx2a strains (AREXHX01.0489 pat-
tern) isolated from 3 farms, each of them separated approxi-
mately for 300 km. Eight strains were isolated in farm A
(August 2010), seven from ESW samples, and one from a

Table 1. Prevalence of Escherichia coli O157:H7 in Surface Environmental

Water Near Feedlot Cattle

Sample
category

No. of samples
analyzed

No. (%) of
positive
samples 95% CI

No (%) of isolated
E. coli

O157 strains 95% CI

No. (%) of isolated
STEC O157:
H7 Strains 95% CI

ESW 251 177 (70.5) 64.9–6.2 62 (24.7) 19.4–30.0 32 (12.7) 8.6–16.9
NESW 60 36 (60.0) 47.6–72.4 9 (15.0) 6.0–24.0 6 (10.0) 2.4–17.6

ESW, exposed surface waters; NESW, nonexposed surface waters; 95% CI, 95% confidence interval.
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NESW sample. The other two strains were recovered from
ESW samples in farm B (August 2010) and farm C (November
2010). Cluster II (AREXHX001.0837) grouped three stx2a

strains, isolated from different points of the effluents from farm
C during the same sampling date (August 2010). Cluster III
(AREXHX01.0731) included three stx2a strains isolated in
three different farms (A, C, D), located in two departments of
the province. One of the strains was obtained (October 2010)
300 km away from the others that were found in the same
department (August 2010). These last two strains were isolated
from NESW and ESW samples. Cluster IV (AREXHX01
.0095) included two stx2a/stx2c strains isolated from the same
farm E in May 2010. Both samples were taken in the same
stream before (NESW) and after (ESW) receiving runoff
from the feedlot pens. Cluster V (AREXHX01.0832) included
two stx2a/stx2c strains isolated from a NESW and ESW sam-
ples in the same farm A in June and July 2010. Cluster VI

(AREXHX01.0022) included seven stx2a/stx2c strains. They
were isolated in three different locations (farms A, B, and H)
separated by 150–250 km, in July (1), August (3), September
(1), November (1) of 2010, and June (1) of 2011. Cluster VII
(AREXHX01.0093) included 2 stx2a/stx2c strains isolated in 2
feedlots (C, A) approximately 300 km distant, in August 2010
and June 2011, respectively.

Discussion

In the present study, the environmental surface waters
exposed to liquid discharges from intensive livestock oper-
ations showed high contamination (12.7%) with STEC
O157:H7. Nevertheless, the presence of toxigenic E. coli
O157 strains in NESW (10.0%) is also remarkable. A sta-
tistically significant difference between the two types of
samples was not found ( p = 0.7153).

Table 2. Distribution of Shiga Toxin–Producing Escherichia coli O157:H7 Strains

in XbaI-Pulsed-Field Gel Electrophoresis (PFGE) Clusters

Cluster
XbaI-PFGE

pattern
Isolation

date
Type

of sample Farm
Geographical

department Genetic profile

I AREXHX01.0489 10/25/2010 NESW A Gualeguay rfbO157 / fliCH7 / stx2a / eae / ehxA
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
10/25/2010 ESW A Gualeguay
08/30/2010 ESW B Federación
11/24/2010 ESW C La Paz

AREXHX01.0835 10/25/2010 ESW A Gualeguay rfbO157 / fliCH7 / stx2a / eae / ehxA
AREXHX01.0840 06/14/2010 ESW J Colón rfbO157 / fliCH7 / stx1a / stx2a / eae / ehxA

II AREXHX01.0837 08/30/2010 ESW C La Paz rfbO157 / fliCH7 / stx2a / eae / ehxA
08/30/2010 ESW C La Paz
08/30/2010 ESW C La Paz

III AREXHX01.0731 10/25/2010 ESW A Gualeguay rfbO157 / fliCH7 / stx2a / eae / ehxA
08/30/2010 ESW C La Paz
08/30/2010 NESW D La Paz

AREXHX01.0314 08/02/2010 ESW E Gualeguaychú rfbO157 / fliCH7 / stx2a / eae / ehxA
AREXHX01.0838 04/12/2010 ESW F Islas del Ibicuy rfbO157 / fliCH7 / stx2a / eae / ehxA

IV AREXHX01.0095 05/31/2010 NESW E Gualeguaychú rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
05/31/2010 ESW E Gualeguaychú

AREXHX01.0834 11/24/2010 ESW B Federación rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
AREXHX01.0505 07/20/2010 ESW A Gualeguay rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
AREXHX01.0839 08/17/2010 ESW G Nogoyá rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA

V AREXHX01.0832 06/21/2011 NESW A Gualeguay rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
07/04/2010 ESW A Gualeguay

VI AREXHX01.0022 10/25/2010 ESW A Gualeguay rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
06/21/2011 ESW A Gualeguay
07/04/2010 ESW A Gualeguay
08/30/2010 ESW H La Paz
11/24/2010 ESW B Federación
08/30/2010 NESW H La Paz
08/30/2010 ESW H La Paz

VII AREXHX01.0093 08/30/2010 ESW C La Paz rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
06/21/2011 ESW A Gualeguay

AREXHX01.0833 06/21/2011 NESW A Gualeguay rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA
AREXHX01.0841 08/17/2010 ESW I Nogoyá rfbO157 / fliCH7 / stx2a/stx2c / eae / ehxA

ESW, exposed surface waters; NESW, nonexposed surface waters.
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The fact that indistinguishable strains have been isolated
from samples taken at long distances, as seen in Clusters I, III,
and VI, encourages further research about the role of birds as
vectors (Nielsen et al., 2004). This assumption could be re-
lated to the observation of large flocks of birds eating semi-
digested grains in manure of the cattle fed in the open pens at
the sampling time.

Indistinguishable strains recovered from a stream of gentle
current, before and after receiving feedlot effluent (Cluster
IV), also suggest that the aquatic fauna could act as a vector.
Brown et al. (2002) have shown that E. coli O157 can survive
and replicate in a common environmental protozoan, Acan-
thamoeba polyphaga. As protozoa are widely distributed in
water, soils, and especially effluents, they are likely to con-
stitute an important environmental reservoir for transmission
of E. coli O157 and other pathogens.

Furthermore, it should be noted that in the province of
Entre Rı́os the pastoral livestock system is also widespread
and the ability of E. coli to remain viable in the environment
for a long time should not be underestimated (Kudva et al.,
1998; LeJeune et al., 2001). In E. coli, rS factors transcribe
more than 100 genes involved in cell survival and protection

against various stress conditions, such as ultraviolet radiation
(Gruber and Gross, 2003). This assumption could be sup-
ported by indistinguishable STEC O157 strains that have
been recovered in the same place after 12 months (Table 2,
Clusters V and VI).

In geographical areas as those that were studied, character-
ized by a profusion of waterways, pathogens present in feedlot
runoff could reach recreational waters and also contaminate
products through irrigation. In previous studies, we have
confirmed the presence of E. coli O157:H7 in waters of the
River Gualeguaychú in areas for recreational activities, such as
clubs, beaches, and camping areas (Tanaro et al., 2002).

Some XbaI-PFGE patterns identified in the present study
are also included in the Argentinean Database of E. coli
O157, corresponding to strains isolated from HUS and diar-
rhea cases, food, and animals. Among them, AREXHX01
.0022 is the second prevalent pattern in Argentina, re-
presenting 5.5% of the total database. The postenteric HUS,
mainly associated with E. coli O157:H7 infection, is a sig-
nificant public health issue in Argentina, and the most prev-
alent stx subtypes associated with severe disease were those
encoded by stx2a/stx2c, coincidentally one of the most

FIG. 1. Genotypic characterization and clonal relatedness of 38 Shiga toxin–producing Escherichia coli O157:H7 strains
isolated from water in beef cattle farms, Entre Rı́os Province, Argentina, 2010–2011.
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prevalent subtypes of the isolated strains from surface waters
(Rivas, 2012).

Conclusions

In this study, E. coli O157:H7 strains, related to those
isolated from HUS cases and food, were recovered from
surface water samples taken in areas near cattle feedlots.

In addition to runoff from feedlot pens, other sources or
vectors must be considered as probable causes of this con-
tamination.

Unlike extensive feeding systems, in intensive livestock
operations the manure and slurry feedlot pens are concen-
trated in a small area, which may prevent the pathogen
spreading to the environment, if appropriate treatments are
applied. The efficiency of the control runoff systems to avoid
the dissemination of pathogens should be specifically in-
cluded in the regulations.
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