
Introduction

Fecal pollution of water resources is a problem of

increasing worldwide concern [1,2]. Human population

growth, inadequate sewage systems, and management

of animal waste are some of the issues associated with

maintenance of supplies of clean water [3]. Underlying

this concern, there are numerous reports of waterborne

outbreaks of disease involving fecal organisms such as

Escherichia coli (which is an indicator of fecal contam-

ination), Campylobacter jejuni, Salmonella, Vibrio

cholerae and Shigellae [4-7]. Identification of the

source of the bacterial contamination is an essential first

step in seeking to control fecal contamination of water.

In particular, it is important to determine whether the

source of fecal contamination is of human, livestock, or

wildlife origin. Microorganisms of human origin are re-

garded as having greater potential to cause disease in

humans [8]. Farm animals may also harbor human

pathogens, including the potentially fatal organism E.

coli 0157: H7. Poultry are a primary reservoir of Sal-

monella spp. as are swine, which may also carry Shigel-

la spp. [9].

A number of analytical methods for differentiating

between human and nonhuman sources of fecal pollution

have been evaluated, among them the multiple antibiotic

resistance tests (MAR). The MAR patterns reflect the se-

lective pressures imposed on the gastrointestinal flora of

humans and animals during antibiotic use [10]. The MAR

test has been reported to be capable of identifying the

source of fecal contamination in water and distinguish-

ing between E. coli strains from specific point sources

[11,12]. Ribotyping has been compared to multiple an-

tibiotic resistance profiles, and both approaches were re-
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portedly complementary in discriminating between

human and nohuman sources of fecal pollution [13]. Ri-

botyping has since become a popular approach to the

problem of differentiating between fecal E. coli pollution

from humans and that of animals and birds [14]. Ribo-

typing includes DNA fingerprinting techniques, pulsed

field gel electrophoresis [15], PCR of repetitive inter-

genic sequences [16] and 16s ribosomal DNA length het-

erogeneity, PCR with terminal restriction fragments

length polymorphism [17] have been described as

promising for discriminating between fecal origin bacte-

ria from humans and animals.

The objective of this study was to differentiate be-

tween E. coli isolates of either human origin, animal ori-

gin (horse, cat and mouse) or avian origin (pigeon). This

study was extended to E. coli isolates of different water

sources (Nile water, Ismailia canal water, household

water reservoir and swimming pool water) to determine

which of these isolates was more prevalent in the water

samples examined.

Materials and Methods

Bacterial Strains

A total of 138 isolates of E. coli were isolated from

fecal samples as well as different water sources (three

replicate of each). A sum of 15, 13, 17 and 14 isolates

from human, horse, cat and mouse feces, respectively,

and 23 isolates from avian feces (pigeon). 13 isolates

were cultured from Ismailia canal water, 16 isolates from

Nile water, 15 isolates from household water reservoir

and 12 isolates from swimming pool water.

All media used were prepared according to [18],

while the procedures for the detection of E. coli were de-

scribed in the Standard Methods for Examination of

Water and WasteWater [19]. Samples of feces (or water

samples) were inoculated into peptone water for 24

hours then transferred into lauryl sulfate tryptose broth

tubes. The tubes were incubated at 37°C for 24-48 h.

A loopful of lauryl sulfate tubes that gave positive pre-

sumptive test for E. coli (turbidity and gas) were trans-

ferred into E. C broth media, incubated at 44.5°C

± 0.5°C for 24 h.

A loopful from positive tubes was streaked onto EMB

agar and MacConkey agar to confirm typical E. coli in

addition to different biochemical tests.

Multiple Antibiotic Resistance Test (MAR): 
(Disc Diffusion Technique).

The following antibiotics and concentrations (μg/ml)

were used in this study: Tobramycin, 10; Gentamycin,

10; Penicillin, 10 Units; Tetramycin, 30; Cefoperazone,

30; Erythromycin, 15; Chloramphenicol, 30; Sulfa

(Trimethoprim, 25; Doxycyclin, 30; Rifampicin, 30’

Streptomycin, 10; Ofloxacin, 10; Cephradine, 30; Ceftri-

axane, 30; Cefotaxime, 75; Clindamycin, 30; Ampicillin,

10; Amoxicllin, 25; Nitrofurantoin, 200; Norfloxacin, 10;

and Carbenicillin, 100. The 21 antibiotics were chosen in

order to permit comparisons between the different iso-

lates from different feces and water samples. The MAR

test was performed on all the isolates using the Muller

Hinton Agar according to [20].

Analysis of Protein Pattern by Polyacrylamide Gel
Electrophoresis (PAGE)

Selected E. coli isolates from the previous samples

(Feces and water sources) were subjected to protein

analysis using the PAGE technique as described by [21].

Bio-Rad (USA) vertical slab gel with size of 0.75 mm x

14 cm x 14 cm apparatus was used. The total cellular pro-

teins of the selected isolates were fractionated by elec-

trophoresis in one dimentional denatured polyacrylamide

gel. The banding patterns were visualized by staining the

gel with coomassie brilliant blue and they scored by the

computer program “Gel – pro Analyzer v. 3.1 program

(windows 95/NT Media Cyberneties 1993-1997 USA)”

which was used to estimate the molecular weight of the

bands and their quantities.

DNA Extraction and Restriction Digestion

The same fecal E. coli isolates which were previous-

ly used in protein analysis were grown in Brain Heart In-

fusion broth (BHI) [18], and DNA were extracted using

a genomic DNA purification kit manufactured by Gen-

tra systems, Minneapolis, USA. One μg of each genom-

ic DNA sample was digested at 37°C for 2hrs. with 20

units of restriction endonucleases, namely HindIII

(which recognizes the sequence A/AGCTT), EcoRI

(which recognizes the sequence G) AATTC), EcoRV

(which recognizes the sequence GAT (ATC), BglII

(which recognizes the sequence A/GATCT), and BamHI

(which recognizes the sequence G) GATCC). MULTI-

CORETM Buffer Pack (25mM tris acetate, pH7.5 (at

37°C), 100mM potassium acetate, 10mM magnesium

acetate, 1mM DTT), was used to enable co-digestion of

DNA with more than one enzyme in a single reaction.

Modest adjustments in the amount of enzyme used, will

ensure complete multiple digestion. The restriction frag-

ments were separated by 2% agarose gel electrophore-

sis.

Plasmid Extraction

Plasmid DNAs of the selected E. coli isolates were

obtained by the alkaline lysis method as described by

[22]. A mini preparations scale was performed by grow-

ing each isolate in 3ml BHI broth at 37°C for 24h.
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Results

The results in (Table1) revealed that isolates of house-

hold water reservoir displayed the highest percentages of

resistance (81%) to most of the antibiotics tested, followed

by the isolates of mouse (72%). However, water of Ismail-

ia Canal obtained (67%). Each of human, horse and Nile

water isolates gave 62%, while swimming pool isolates, cat

isolates and avian isolates showed the lowest percentage of

resistance to antibiotics 57%, 47% and 34%, respectively.

Protein Profiles

Table 2 and Fig. 1 present the results obtained for E. coli

isolates of human, animal and avian origin along with Nile

water, Ismailia canal, household water reservoir and swim-

ming pool isolates for their protein patterns. It was found

that all of the E. coli isolates were identical, except that of

the Nile water isolate. This last isolate shows extra bands

and could be an interesting one worth further research.

DNA Fingerprints

Data in Table 3 and photo 2 represent the fingerprint

patterns for the E. coli isolates of different sources. These

fingerprints were composed of 1-9 bands ranging in size

from 35-1989 bp according to the restriction endonucle-

ase enzymes used Hind III, EcoRI, EcoRV, BglII and

BamHI. Row16 at which the molecular weight ranged be-

tween 275-327 present only in avian isolate and the iso-

late selected from household water reservoir and swim-

ming pool. Although 901 bp band in avian isolates was

also present in household water reservoir, 937 bp band in

the same raw (r
10
) was detected in horse isolate as well as

Detection and Differentiation ... 641

Table 1: Multiple Antibiotic Resistance of E. coli isolates.

S: Sensitive; R: Resistant
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Table 2. Protein profiles of E. coli isolates.
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Fig. 1. Protein profile of E. coli isolates show: Lane (M): mol-

ecular weight marker, Lane (1): Human isolate, Lane (2): Horse

isolate, Lane (3): Mouse isolate, Lane (4): Cat isolate, Lane (5):

Bird isolate, Lane (6): Nile isolate, Lane (7): Ismailia canal iso-

late, Lane (8): Water reservoir isolate, and Lane (9): Swimming

pool isolate.

Fig. 2. Comparison of restriction endonucleases HindIII,

EcoRI, EcoRV, Bam HI and BglII cleavage patterns of DNA

from 9 E. coli isolates. Lane (M): DNA marker (100 bp ladder

– Pharmacia). Lane (1): Swimming pool isolate, Lane (2):

Horse isolate, Lane (3): Mouse isolate, Lane (4): Bird isolate,

Lane (5): Water reservoir isolate, Lane (6): Ismailia canal iso-

late, Lane (7): Nil.

Table 3. Classification analysis of DNA of E. coli isolates. Using restriction enzymes.



Nile water isolate. In row 11, the molecular weight (rang-

ing from 1056-1098 bp), was found to be present in iso-

lates from human, horse, mouse, household water reser-

voir, and swimming pool. The results indicated in Table

3 showed that there is a band which was present in all the

isolates of the present study, had 1366 pb molecular

weight, suggesting that it is a common sequence in E.

coli.

Table 4 represents the amount of DNA with reference

to the total amount per lane, and it is found that in human

isolate the amount of DNA ranged between 4.3064

–12.714 bp had a total of 68.02%. In animal isolates

(horse, cat and mouse), the amount of DNA ranged be-

tween 1.8261 – 19.071 bp, with a percentage of 89.095%,

87.562% and 74.216%, respectively, were higher than the

amount of DNA in human isolates. Avian protein amount

ranged between 2.643 and 14.367 bp, which is found to

be approximately similar to that of the mouse isolate. The

isolates of Ismailia canal water, Nile water, household

water reservoir and swimming pool showed a DNA

amount of 99.576%, 51.396%, 61.591% and 90.352%,

respectively.

Plasmid Profiles

All of the E. coli, isolates studied, contained a large

plasmid of 2737bp, were the amount of DNA per lane in
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Table 4. The amount of DNA (band of E. coli isolates. Using restriction enzymes.



human and swimming pool isolates were 22.88% and

22.64%, respectively. Obvious similarities appeared be-

tween the amount of DNA per lane in avian (4.4249%)

and household water reservoirs (4.8634%), as well as

a similarity between the amount of DNA in cat, mouse

and Ismailia canal water isolates, equal 0.9616%,

0.9247% and 0.5977%, respectively.

Discussion

The goal of this study was to identify a procedure that

could be used to differentiate E. coli isolates from various

host origins, by allowing the development of a system for

determining the sources of fecal pollution of water. A total

of 138 E. coli isolates were collected from nine known host

sources in different water locations in Cairo and from its

origin (feces) of human, animal and avian. The results of

the present study indicated that protein analysis (PAGE),

DNA fingerprinting using five endonuclease enzymes and

(MAR), provided the highest level of discriminatory ca-

pacity for differentiating various E. coli isolates and for

identifying the fecal contamination sources.

Multiple antibiotic resistance (MAR) is one of the

three methods investigated in this work that represent the

simplest and the least expensive approach. Several re-

searchers have previously used the MAR profiles of

streptococci to identify fecal pollution sources. [23] re-

ported that the MAR was 84%, when streptococcal iso-

lates were pooled into four possible categories (cattle,

human, poultry and wildlife). [24] demonstrated that the

average for the correct identification rate for fecal strep-

tococcus source was 87%. These results are better than

the 64.58% that was obtained in the study of [10], where

all the E. coli isolates were pooled into three possible cat-

egories (human, livestock, and wildlife). The difference

in these results might be attributed to the different bacte-

rial strains and the antibiotics used and the difference in

the diversities of the bacterial collections is also a factor

which must be taken into consideration. In the present

study a more diverse representative collection of E. coli

isolates was used. This sampling protocol could produce

a more heterogeneous collection of bacterial isolates than

other protocols. The average MAR indices for human,

horse and Nile water isolates were higher (62%) than

those for the swimming pool (57%), cat (47%) and avian

isolates (34%). These results are consistent with other re-

ports that the MAR indices of fecal E. coli from human

and livestock isolates were higher indices [9, 25].

The fingerprinting test was used for identification of

fecal E. coli from specific sources, and it has been shown

to be a powerful tool for molecular characterization of

various bacterial species, and it is proved to be quite ac-

curate for discriminating between fingerprint patterns of

isolates of human and nonhuman origin [26,27].

The choice of the restriction enzymes is crucial for

the effectiveness of fingerprint analysis. In this study five

restriction enzymes (HindIII, EcoRI, EcoRV, BamHI and

BglII) were selected. A total of 23 bands were generated

and their size ranged from 35- 1989 bp and 99 fragments.

The present results were consistent with those of [10]

who demonstrated that two restriction enzymes (EcoRI

and MseI) and two sets of primers (EcoRI-A plus MseI–

G and EcoRI –C plus MseI–CA) were selected, since the

genomes of three E. coli strains have been sequenced, the

number of bands and fragments generated by using fin-

gerprint analysis. Selective primers EcoRI–A and MseI-

G should produce more bands (50-500bp) and hence

should permit a more accurate discrimination.

The difference in the number of bands and/or frag-

ments detected, between the present results and those of

[10] could be explained by the genetic diversity of E. coli

isolates, inefficient amplification of some of the fragments

and inability of the software to detect some weak bands.

In conclusion, from the four different methods that

were evaluated to differentiate the E. coli isolates from

various sources and the origin responsible for water pol-

lution, the method of fingerprint analysis provided the

greatest discriminatory power and the highest rate of cor-

rect classification, while the three other methods (MAR,

protein profile and plasmid profile), provided from mod-

erate to high degrees of correct classification.
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