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Abstract The phylogenetic group distribution of Esche-

richia coli strains isolated from the Sorocaba and Jaguari

Rivers located in the State of São Paulo, Brazil, is descri-

bed. E. coli strains from group D were found in both rivers

while one strain from group B2 was isolated from the

Sorocaba river. These two groups often include strains that

can cause extraintestinal diseases. Most of the strains

analyzed were allocated into the phylogenetic groups A

and B1, supporting the hypothesis that strains from these

phylogenetic groups are more abundant in tropical areas.

Though both rivers are located in urbanized and industri-

alized areas where the main source of water pollution is

considered to derive from domestic sewage, our results

suggest that the major sources of contamination in the

sampling sites of both rivers might have originated from

animals and not humans.
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Introduction

Escherichia coli strains can be separated into four main

phylogenetic groups: A, B1, B2 and D (Selander et al.

1986; Herzer et al. 1990). Groups A and B1 often include

commensal strains (Johnson et al. 2001) and group B2, and

to a lesser extent group D, usually allocate extraintestinal

pathogenic strains (Picard et al. 1999; Johnson and Stell

2000). Among the E. coli pathotypes responsible for ex-

traintestinal infections are UPEC (uropathogenic E. coli),

EHEC (enterohaemorrhagic E. coli) and MNEC (menin-

gitis-associated E. coli) (Kaper et al. 2004). E. coli from

these pathotypes can cause haemolytic uremic syndrome,

urinary tract infection, newborn meningitis, sepsis, and

others (Dobrindt et al. 2003; Kaper et al. 2004). The

intestinal pathogenic E. coli strains belong to the patho-

types: ETEC (enterotoxigenic E. coli), EPEC

(enteropathogenic E. coli), EIEC (enteroinvasive E. coli),

EHEC (enterohaemorrhagic E. coli), EAEC (enteroaggre-

gative E. coli) and DAEC (diffusely adherent E. coli).

These pathotypes have been associated with cases of mild

and severe diarrhea in adults and children, mostly in

developing countries (Kaper et al. 2004). The intestinal

pathogenic strains are usually assigned to groups A, B1 and

D (Pupo et al. 1997).

Clermont et al. (2000) described a simple PCR-based

method that uses a combination of the chuA and yjaA genes

and the DNA fragment TSPE4.C2 to assign E. coli strains

to the phylogenetic groups A, B1, B2 and D. This meth-

odology has been used, with different purposes, by authors

interested in assigning E. coli strains into the phylogenetic

groups. In this way, Gordon and Cowling (2003) reported,

after analyzing non-domesticated vertebrates in Australia,

that climate, host diet and body mass can influence the

distribution of E. coli into the phylogenetic groups A, B1,
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B2 and D, in mammals. Dixit et al. (2004) observed that

E. coli strains isolated from different regions of the gut of

pigs belonged to the phylogenetic groups A and B1.

Nowrouzian et al. (2005) isolated E. coli strains from the

commensal intestinal flora of 70 Swedish infants and

suggested that strains from the phylogenetic group B2 have

evolved to survive in the human intestine.

The contamination of surface water by fecal pollution is

a serious problem since it represents a risk to both animal

and human health. Fecal pollution can be introduced from

multiple sources. Surface runoff and field drainage water

from fields containing grazing animals, slurry spreading,

farmyard runoff, direct fecal inputs and others can con-

tribute to riverine fecal coliform loads (Vinten et al. 2004).

Hence, surface waters are constantly monitored by the

competent agencies such as the organization responsible

for the control of environmental pollution, sewage and

water quality in the State of São Paulo (CETESB), Brazil.

The aim of this work was to allocate E. coli strains

isolated from the Jaguari and Sorocaba Rivers into the

phylogenetic groups A, B1, B2 and D as well as to find the

host source and compare their relative abundance, in each

phylogenetic group, among the two rivers and with samples

from other areas of the world that have been previously

published.

Materials and methods

Escherichia coli strains

One hundred and twenty eight strains of E. coli were iso-

lated by CETESB from water samples of the rivers Jaguari

(60) and Sorocaba (68). The number of strains isolated

from each river between January and November are shown

in Table 1.

Phylogenetic groups

Phylogenetic group determination was accomplished as

described by Clermont et al. (2000). PCR amplifications

were carried out using bacterial lysates, to identify the

chuA and yjaA genes and the DNA fragment TSPE4.C2.

The amplification products were separated in a 2% agarose

gel containing ethidium bromide. After electrophoresis, the

gel was photographed under U.V. light and strains were

assigned to phylogenetic group B2 (chuA+, yjaA+), D

(chuA+, yjaA-), B1 (chuA-, TSPE4.C2+) or A (chuA-,

TSPE4.C2-).

Statistical analysis

The differences in the frequencies of each phylogenetic

group among the rivers and periods of the year were tested

through log-linear models (Everitt 1977; Fienberg 1978)

using the function ‘‘loglm’’ of the package MASS (Ven-

ables and Ripley 2002). The frequencies of the phylogenetic

groups in our samples and those found for isolates from

different human populations (Escobar-Parámo et al. 2004;

Nowrouzian et al. 2005) were also compared by using

Correspondence Analysis (CA, implemented in the package

‘‘vegan’’ from Oksanen et al. 2005). CA calculates sets of

scores (the ordination axes) that order samples and sampled

taxonomic entities reciprocally (Gauch 1982; ter Braak

1995). Samples with similar taxa will have close scores at

each axis, as well as taxons that occurred in the same

samples. Hence, structured populations can be identified as

clusters of samples and their associated phylogenetic groups

that share similar standard scores. The frequencies of the

phylogenetic groups among clusters identified through CA

were tested using a Chi-square test, but with P-values

estimated from Monte Carlo randomizations, and not from

Chi-square Probability Distribution (hence degrees of

freedom were not reported). The frequency of strains with

chuA among these clusters was also tested in the same way.

All the statistical calculations were done under the R

environment version 2.1.0 for LINUX (R Core Team 2005).

Results and discussion

The Jaguari and Sorocaba Rivers are part of the São Paulo

State water bodies monitoring program. This program

evaluates the water quality using two indexes, one for

water supply and another for aquatic life protection. These

rivers are located in urbanized and industrialized areas and

the pressure for hydro resources is strong. The levels of

chemical and biological parameters indicate that the main

source of pollution in these rivers derives from domestic

sewage. Both rivers also receive discharge of treated

industrial sewage (CETESB 2004).

In this work, sixty E. coli strains isolated from the

Jaguari River and 68 strains isolated from the Sorocaba

Table 1 Escherichia coli strains isolated from rivers Jaguari and

Sorocaba and their distribution into phylogenetic groups A, B1, B2

and D

Months Jaguari Sorocaba Total

A B1 B2 D A B1 B2 D

Jan–Mar – – – – 20 4 1 2 27

May–Jul 15 3 0 1 8 6 0 6 39

Sep–Nov 27 10 0 5 17 4 0 0 63

Total 42 13 0 6 45 14 1 8 129
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River were allocated into four phylogenetic groups (i.e. A,

B1, B2 and D) according to the methodology described by

Clermont et al. (2000). Among the strains isolated from the

Jaguari River, 42 (70%) were allocated into phylogenetic

group A, 13 (22%) into B1 and five (8%) into D (Table 1).

Strains isolated from the Sorocaba River were allocated

into group A (45 strains, 66%), group B1 (14 strains, 21%),

group D (8 strains, 12%) and B2 (1 strain, 1%) (Table 1).

The presence of strains from group D in both rivers and

from group B2 in the Sorocaba River deserves attention

since the strains from these groups are usually pathogenic.

The strains from group B2 are usually responsible for

extraintestinal infections and exhibit several virulence

factors such as adhesins and toxins (Picard et al. 1999;

Johson and Stell 2000). These strains can cause meningitis,

intra-abdominal infections and pneumonia (Russo and

Johnson 2003). The phylogenetic group D includes path-

ogenic strains such as O157:H7, which is highly virulent

and can cause diarrhea, hemolytic uremic syndrome and

hemorrhagic colitis (Parry and Palmer 2000).

The presence of pathogenic strains in water was already

mentioned by others. Müller et al. (2001) found genes for

the virulence factors Stx1, Stx2 and enterohaemolysin

among E. coli strains isolated from water samples in South

Africa. Ohno et al. (1997) reported a high bacterial con-

tamination, which included ETEC, EPEC and EIEC strains,

in the La Paz River in Bolivia. In Quenia, Simiyu et al.

(1998) reported that 22.5% of the strains isolated from the

River Nairobi harbored the heat-stable toxin and 17.5%

harbored the heat-labile toxin, both produced by ETEC.

Besides the detection of pathogenic E. coli in water,

several authors have been investigating methods to differ-

entiate the origin (human or animal) of the strains (Turner

et al. 1997; Parveen et al. 1999; Dombek et al. 2000;

Carson et al. 2003). Goullet and Picard (1986) reported

different percentages of strains from group B2 among E.

coli isolates from humans and animals. These authors

observed that only 1.6% of the strains isolated from ani-

mals belong to group B2. Among the strains isolated from

humans, 9% belong to this group. The percentage of B2

strains isolated from the Sorocaba River (1.47%) is very

close to the one described by Goullet and Picard (1986) for

fecal isolates from animals, and did not differ statistically

from it (v2 = 0.01, P = 1.0). Despite no strains from

group B2 were found in the Jaguari River, this is not sta-

tistically different from the expected 1.6% (v2 = 0.99,

P = 0.63). For both rivers, the frequency of B2 strains was

statistically different from 9% (Sorocaba River: v2 = 4.80,

P = 0.03; Jaguari River: v2 = 6.03, P = 0.02). Based on

the results, we can speculate that the major contamination

sources in the sample collection sites of these rivers orig-

inated from animals and not humans. This is in agreement

with the fact that the sample collection site in the Jaguari

River is located in a pig feedlots area and the one from the

Sorocaba River is located near a cattle slaughtering facility.

Log-linear models showed that the frequency of strains

in each phylogenetic group did not differ among the rivers

(v2 = 1.43, 3 D.F., P = 0.70) and among sampling periods

(v2 = 6.84, 6 D.F., P = 0.34). Also, no significant differ-

ences were found when the groups were aggregated

according to the presence of chuA (A + B1 and B2 + D,

among rivers v2 = 0.36, 1 D.F., P = 0.55; among periods

v2 = 6.03, 2 D.F., P = 0.32). In February–March only the

Sorocaba River was sampled (Table 1), introducing in this

way three structural zeros in the models. However, the

results mentioned above held even when this period was

excluded.

Escobar-Páramo et al. (2004) showed that isolates from

the phylogenetic groups A and B1 were prevalent in the

tropical populations analyzed by them. This pattern was

confirmed by the Correspondence Analysis of the dataset of

these authors, to which we have added the data obtained

from a sample of infant intestinal isolates in Sweden

(Nowrouzian et al. 2005), and the strains isolated from the

Sorocaba and Jaguari Rivers. The first CA axis separated

the populations that presented a prevalence of strains from

groups A and B1 from those where the prevalent strains

belonged to groups B2 and D (Fig. 1). The former cluster

included all populations with 50% or more of prevalence of

group A strains, namely the three samples from tropical

regions, Bogota in Colombia, Cotonou in Benin and

Amerindians from French Guiana, analyzed by Escobar-

Parámo et al. (2004), and the samples from the rivers

Jaguari and Sorocaba (Fig. 1). Populations from the

Northern hemisphere were clustered at the opposite side of

the axis, and all had less than 35% of prevalence of strains

from group A, and at least 19.3% of prevalence of group D

strains. The only exception for this clear-cut pattern was a

sample obtained from pig farmers from Bryttany (Escobar-

Parámo et al. 2004) that exhibited the highest prevalence

of strains from group A and B1 (32 and 28%, respectively)

among the Northern populations, which resulted in an

intermediary score (Fig. 1).

The first CA axis explained 81% of the total inertia in

the data, which means that the main pattern of the variation

among populations is the lower prevalence of chuA in the

tropical areas. Additional samples from selected latitudes

can assert the validity of this apparent geographical gra-

dient. The second CA axis explained more 11% of the total

inertia, and separated some populations that exhibited a

higher prevalence of strains from group B1, but this pattern

showed no correlation with the regions (Fig. 1).

The Northern populations were more clustered in the

CA ordination space. In fact, the frequencies of strains in

each phylogenetic group did not differ if the Tokyo pop-

ulation was excluded (v2 = 23.0, P = 0.18). In contrast,
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samples from the tropics were more dispersed in the

ordination space, and their group frequencies were signif-

icantly different (v2 = 46.6, P \ 0.001), a result that did

not change with the exclusion of any of the samples.

However, the proximity in CA ordination of the samples

from the rivers Jaguari and Sorocaba and those from the

French Guiana Amerindians indicates that they have sim-

ilar proportions of each phylogenetic group. For the French

Guiana Amerindians these proportions were 63.4% of

strains from group A, 20.4% from group B1, 3.2% from

group B2 and 12.9% from group D, and for samples from

the rivers Jaguari and Sorocaba the proportions were 68.9–

66.2%, 21.3–20.6%, 0–1.5%, and 9.8–11.75%, respec-

tively. As expected, the frequencies of the phylogenetic

groups in the rivers Jaguari and Sorocaba did not differ

from those in the French Guiana sample (v2 = 2.67,

P = 0.88), but differed from the Bogota (v2 = 31.3,

P \ 0.001) and the Cotonou (v2 = 27.1, P \ 0.001)

samples.

The large number of strains from group A and to a lesser

extent from group B1 observed in the Jaguari and the

Sorocaba Rivers is a matter of concern since according to

Escobar-Páramo et al. (2004), E. coli from groups A and

B1 can emerge as intestinal pathogenic strains. Taken all

together, our data emphasize that the contamination of

surface water by fecal pollution is always a potential threat

to animal and human health.
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