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Abstract.- This study was conducted to carry out the qualitative analysis of drinking water system of Lahore,
Pakistan to detect the presence of Escherichia coli O157. Potable water samples were collected from different
localities and analyzed by the most probable number tests (MPN). Initially, 42 strains that showed morphological
resemble with E. coli were characterized by growing on Eosine Methylene Blue (EMB) agar. Finally, 13 E. coli strains
that were non-sorbitol fermenters were selected and their taxonomic status was confirmed by using RapID™ ONE
identification system. Antibiotic sensitivity profiling of selected bacterial strains was also analyzed and majority were
found to be resistant against ampicillin, erythromycin and carbenicillin. All sorbitol negative and biochmically
identified E. coli strains were then subjected to serological testing using Prolex™ Latex agglutination kit for detection
of somatic antigen i.e., O157. Positive agglutination was recorded in all sorbitol non-fermenting strains except S7d
and S7e indicating the presence of this virulent strain in drinking water supply system. Analysis of biofilm formation
revealed that S7d was the most effective either as single or in co-cultures (S2a+S7d) in the presence or absence of
FeSO,. In conclusion, the detection of E. coli 0157 from drinking water suggests a possible health threat in terms of
diarrheal diseases and renal syndromes to the local community.
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INTRODUCTION

Potable or drinking water is defined as

having acceptable quality in terms of its physical,
chemical and bacteriological parameters so that it
can be safely used for drinking and cooking.
However, safe drinking water still remains
inaccessible for about 1.2 billion people in the
world.

Water is normally disinfected before being
distributed to the different end point users and the
microbial levels of the water, when leaving the
treatment plant, have to be within limits. By the
time it reaches the tap in the house of the consumer,
water quality may differ dramatically from the
quality at the time of treatment. Human illnesses
associated with water and food-borne pathogens are
as old as the universe. Globally, waves of water and
food borne diseases outbreaks have been reported
(Reynolds et al., 2008; Wood et al., 2010).
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There are a variety of bacteria, parasites and
viruses which can cause health problems when
humans ingest them in drinking water. Testing water
for each of these germs would be difficult and
expensive. Instead, water quality and public health
workers measure for the presence of bacteria in
drinking water using coliform bacteria as an
indicator. The presence of any coliform in drinking
water suggests that there may be other disease-
causing agents in water (Cappuccino and Sherman,
2002). E. coli has been suggested as an indicator of
fecal pollution as it can be easily distinguished from
the other members of coliforms. To date, several
strains of pathogenic E. coli have been reported
universally, most of which have caused water and
food borne disease outbreaks (Rompré et al., 2002;
Sharma et al., 2003; Boubetra et al., 2011).

The pathogenic E. coli strain include
enteropathogenic E. coli (EPEC), enterotoxigenic E.
coli (ETEC) and enterohemorrhagic E. coli (EHEC)
of which E. coli O157 is a member. Healthy
domestic animals, in particular ruminants like cattle,
sheep and goats are regarded as the principal
reservoir of E. coli O157. E. coli O157 is now
recognized as an important human pathogen that
cuased infection ranging from self-limited watery
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diarrhea to life threating manifestations such as
hemolytic uremic syndrome (Padhye and Doyle,
1992).

The main objective of this research work was
to carry out the qualitative analysis of drinking
water system of Lahore, Pakistan in terms of total
coliforms that may indicate the suitability of water
for consumption. Recently, a few studies reported
the presence of coliforms in potable water supply
system of Lahore (Qazi et al., 2006; Sulehria et al.,
2012). However, very little is known about the
presence of enterohemorrhagic E. coli (EHEC)
0157 and its antibiotic susceptibility pattern.
Therefore, in present study, the isolation and EHEC
was targeted from the water samples collected from
different localities of Lahore.

MATERIALS AND METHODS

Sample collection

Potable water samples were collected from
distribution system of different areas of Lahore,
Pakistan. Before sample collection, tap nozzle was
sterilized with 70% ethanol and sufficient time was
given for adequate flushing of the pipelines. Sample
collection was done in sterile borosilicate bottles of
appropriate volume by holding it within the stream
of water. The sampling bottles were labeled and
sealed with paper tape and kept in an ice box. The
samples were transported to the laboratory for
testing within 2 h.

Water analysis

The three basic tests to detect coliform
bacteria in water i.e. presumptive, confirmed and
completed were performed sequentially for each
water sample by means of the most probable
number tests (MPN). Measured aliquots of the water
to be tested were added to a lactose broth (LB) in
double or single strength with slight modifications
as mentioned in Cappuccino Sherman (2002). These
tests detect the presence of coliforms, Gram
negative, non-spore forming bacilli that ferment
lactose broth with the production of acid and gas
that is detectable following a 24 h incubation period
at 37°C. After the presumptive analysis, 42 bacterial
strains that showed close resemblance with E. coli
were selected and analyzed for colony and cell

morphology. Strains that differ in morphology were
selected and streaked on their respective medium
such as Eosin Methylene Blue Agar (EMB) or
nutrient agar. Finally, 13 bacterial strains that were
sorbitol non-fermenting E. coli were selected for
further study.

Biochemical identification of E. coli

Strains of E. coli were identified by using
RapID™ ONE identification system (Remel).
RapID™ ONE System is a qualitative micromethod
employing conventional and chromogenic substrates
for the manual identification of medically important
Enterobacteriaceae and other selected oxidase-
negative, Gram-negative bacilli. This system is
comprised of RapID™ ONE panels and reagents.
Each RapID™ ONE panel has 18 different reaction
cavities molded in the plastic tray, containing 19
biochemical tests. A suspension of the test organism
in RapID™ inoculation fluid was used to inoculate
the panel according to manufacturer’s instruction.
After incubation of the panel, each test cavity is
examined for reactivity by noting the development
of the color. In some cases, reagents were added to
the test cavities to provide a color change. The
resulting pattern of positive and negative test scores
was used as the basis for the identification of strains
by computer-generated code compendium.

Antibiotic profiling of coliforms

This assay was performed with 13 strains that
showed their affiliations with E. coli. Antimicrobial
susceptibility test discs (Bioanalyse Co., Ltd.,
Turkey) were used to evaluate the sensitivity pattern
of strains. Four different antibiotic discs of specified
concentrations were used namely ampicillin (10 pg),
erythromycin (15 pg), oxytetracycline (30 pg) and
carbenicillin (100 pg). This assay allows rapid
determination of the efficacy of this drug against
microorganisms isolated from different
environmental or clinical samples. Muller-Hinton
agar was heavily inoculated with bacterial inoculum
by means of a cotton swab to ensure the confluent
growth of microorganisms. The antibiotic discs
were aseptically applied to the surface of the agar
plate at well spaced intervals. The plates were then
incubated at 37°C for 24 h. After incubation, plates
were examined for the presence of growth of
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inhibition for each disc. The susceptibility of strains
to specific drug was determined by the size of its
zones of inhibition in millimeters and the diameter
of each zone was then compared with the
standardized chart (Cappuccino and Sherman,
2002).

Enrichment of E. coli 0157

Sorbitol MacConkey medium is a variant of
MacConkey agar in which lactose is replaced by
sucrose. Differences in sugar fermentation are used
to differentiate E. coli O157 from other coliforms. It
is based on the formula by Rappaport and Henig
(1952). Originally developed for isolating EPEC
serotypes, this medium is recommended for the
isolation and differentiation of EHEC O157. Pink
color  colonies indicate  positive  sorbitol
fermentation while colorless colonies were
considered to be of non-sorbitol fermenters. All 13
identified strains of E. coli were streaked on sorbitol
MacConkey agar and examined for growth at 37°C
after 24 h.

Prolex™ latex agglutination test

Sorbitol non-fermenting E. coli strains were
further tested for the presence of somatic antigen i.e.
0157 using Prolex™ Latex agglutination kit. The
test involves mixing the suspected organisms with
the antiserum containing E. coli 0157 antibodies.
The bacteria will agglutinate (clump) in the
presence of homologous antiserum. This kit
contained E. coli Latex reagent (blue polystyrene
latex particles coated with an antibody against E.
coli O157 somatic antigen.), E. coli O157 positive
control (E. coli O157 antigen) and E. coli O157
negative control (latex particle purified with rabbit
IgG that does not react with E. coli serogroup
0157). Before running the test, quality control
procedure  was  performed according to
Manufacturer’s instruction in order to ensure
validity of the results. For test strain, an overnight
fresh culture of test strain was used. Using a sterile
pipette, 0.2 ml of normal saline was transferred into
a 5 ml test tube. Then with the help of a sterile loop,
sufficient colonies were picked up from the plate
and suspended in saline in order to achieve tubidity
equivalent to 2 McFarland standard. One drop of E.

coli 0157 latex reagent was placed on one of the
test circle of the provided test card, onto which one
drop of test suspension was added, which were then
mixed with sterile mixing sticks. Test card was
gently rocked and examined for agglutination for 2
min. Isolates that gave positive test result were then
tested with negative control. Positive test isolate
showing no agglutination with negative control were
considered to be conclusively positive result. For
further confirmation of positive test results, clump
formation was observed under low power objective.

Biofilm forming potential of E. coli

The microtiter plate test of Stepanovi¢ et al.
(2000) was modified to determine the biofilm
forming potential of single (S2a, S2b, S6a, S7d,
S7a) and mixed cultures (S2a+S6a, S2a+S6a,
S2a+S7a). Biofilm formation was evaluated by
growing E. coli strains in R2A broth in the absence
and presence of 10 pg 1" FeSO,. The wells of plate
were filled with 200 pl of cell suspension adjusted
to 107 cells per ml in R2A broth or R2ZA+FeSO,. To
promote biofilm formation, the plates were
incubated aerobically on a shaker at 150 rpm for 72
h at 37°C. After 72 h, the content of each well was
discarded and washed three times with 250 pl of
sterile distilled water to remove any non-adherent
and weakly adherent bacteria. Negative controls
were prepared by incubating the wells only with
R2A broth and all treatments were performed in
triplicate. The bacterial biofilms in the 96-well
microtiter plates were fixed with 250 pl/well of 98%
methanol for 15 min. Afterwards, the plates were
emptied and allowed to dry and then fixed bacteria
were stained for 5 min with 200 pl of crystal violet.
Excessive stain was rinsed out by placing the plate
under low-running tap water and then allow to air
dry. Crytal violet bound to the adherent cells was
resolubilized by 200 ul/well of 33% (vol/vol) glacial
acetic acid. To measure the formation of biofilms,
optical density of the solution was measured at 570
nm using microplate spectrophotometer (Epoch,
BioTek).

Statistical analysis

For biofilm formation, data was subjected to
analysis of variance (ANOVA) and means separated
by using Duncan’s multiple range test (P =0.05).
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RESULTS

Coliforms detected in potable water

In presumptive test, following incubation at
37°C, all tubes were examined for positive gas
production. Positive gas producing tubes from all
three sets were counted to compare with MPN index
for determination of total coliforms in 100 ml water
sample. Results revealed that samples collected
from Bagarian, Multan road, Burdwood road, Green
town and Band road were contaminated with fecal
coliforms that showed, respectively, 1600, 920, 540,
240 and 240 MNP per 100 ml (Fig. 1). All positive
tubes from presumptive test were streaked on Eosin
methylene blue (EMB) agar for the detection of
coliform colonies especially E. coli. Positive
confirmed samples that showed typical coliform
colonies i.e. metallic green sheen colonies of E. coli
on EMB agar were then tested individually for the
production of acid and gas in MacConkey broth. A
total of 42 E. coli strains were isolated and all were
positive for gas and acid production. All positive
strains from completed test were streaked on N-
Agar for analysis of cell and colony morphology.
Strains that showed morphological resemble with E.
coli were characterized by growing on sorbitol
MacConkey agar. Out of 42, 13 strains that were
non-sorbitol fermenters were selected for further
screening for O157 antigen and potential for biofilm
formation.

Taxonomic status of E. coli

Finally, taxonomic status of E. coli was
confirmed by using RapID™ ONE identification
system (Remel). In this test the colors of the test
substrates were changed after 4 h of incubation at
37°C. Biochemical analysis indicated that majority
of the strains gave positive results for Ornithine
Lysine, Sorbitol, p-Nitrophenyl-R8,D-galactoside and
Indol. A few strains also showed variation for Urea,
Aliphatic thiol, Glucose, Malonate and y-glutamyl-
R-naphthylamide v-glutamyl-R-naphthylamide.
However, for rest of the biochemical tests, none of
the strains recorded positive result. The 7-digit
microcode obtained from the scoring of positive
tests before and after the addition of kit reagents,
was checked in the electronic RapIlD™
compendium ERIC® (http://www.remel.com/ERIC/

IdentificationSingle.aspx) for the identification of
the test organisms. All the test strains showed more
than 99% similarity with E. coli and the test results
are given in the Table I.

Antibiotic profiling of coliforms

Antibiotic sensitivity pattern of E. coli was
analyzed by disc diffusion method. All bacterial
strains were resistant to erythromycin and
carbenicillin (Table I1). Similarly, majority of the
strains were also resistant against ampicillin;
nevertheless, S2a and S7a showed sensitivity with
zone of inhibition 18 and 17 mm, respectively. For
oxytetracyclin, all strains except S7h and S7d were
sensitive.

Screening for E. coli 0157

A total of 42 presumptively identified E. coli
were screened for their ability to ferment sorbitol.
On the basis of sorbitol fermentation, they were
either characterized as sorbitol fermenters (SF) or
sorbitol non-fermenters (SNF). Strains of E. coli
that gave pink color growth on sorbitol MacConkey
medium after 24 h of incubation were considered to
be sorbitol fermenters while those who gave
colorless growth were known to be non sorbitol
fermenter. All strains except S2a, S2b, S2c, S7a,
S7b, S7c, S7d, S7e, S7f, S7g, S7h, S7i and S7j were
sorbitol fermenters. All biochemically characterized
sorbitol negative E. coli strains were subjected to
pre-enrichment in tryptic soy broth supplemented
with novobiocin. Afterwards, each strain was plated
on cefixime-tellurite sorbiotl MacConkey (CT-
SMAC) medium. Appearance of colorless colonies
on CT-SMAC was considered as presumptive
positive test for E. coli O157. All presumptively
positive E. coli O157 strains were then tested for the
presence of somatic antigen i.e., 0157 by Prolex ™
latex agglutination kit. When tested against Latex E.
coli O157 reagent, all strains except S7d and S7e
were agglutination positive. Strains giving positive
agglutination results were then tested against latex
E. coli 0157 negative control which showed no
clump formation (Fig. 2).

Biofilm formation
Biofilm forming potential of 5 selected
bacterial strains (S2a, S2b, S6a, S7d, S7a) was
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Fig. 1. MPN index of coliform bacteria per 100 ml of water sample from different localities of Lahore, Pakistan.
Affiliations: BWR, Burdwood Road; TS, Township; IC, Ichara; BG, Bagariyan; GT, Green Town; MR; Multan Road;
YB, Yohannabad; TK, Thokar; AS, Amar Sadu; FT, Faisal Town; SD, Shadman; BR, Band Road; GR, Ghazi Road;

KT, Khokar Town; KAM, Kot Abdul Malik

Fig. 2. Prolex™ latex agglutination test confirmed by microscope. (a) Positive control; (b) Negative control;
(c) S7c; (d) S7j; (e) S7a; (f) S7g and (g) S7c.

analyzed in terms of monoculture and co-cultures in
the absence and presence of FeSO,. In single
cultures, S7d was found to be the most potent
biofilm producer, while remaining bacterial strains
showed growth trend in the following order S6a>
S2a> S7a> S6a (Fig. 3). In co-cultures, S2a+S7d
combination was the most effective in biofilm
formation that showed statistically similar response

in the presence and absence of FeSO,. However,
other two combinations of mixed culture showed
similar response as compared to control.

DISCUSSION

In present study, potable water samples were
collected from 15 different localities of Lahore,
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Fig. 3. Biofilm formation potential of different E. coli strains in the presence and absence of FeSO,. Mean of
three replicates. Different letters on bars indicate significant difference between treatments using Duncan’s multiple

range test (P = 0.05).

Table Il.-  Antibiotic sensitivity pattern of different strains of E. coli.
Antibiotics
Strains Ery (15pg) Amp (10pg) Oxy (30pg) Car (100pg)
(an)%e) Susceptibility (Zn?rr:f) Susceptibility (Zn?rr:f) Susceptibility (Zn?rr:f) Susceptibility

S2a 0 R 18 S 22 S 10 R
S2b 0 R 11 R 23 S 9 R
S2c 0 R 15 R 21 S 10 R
S7a 13 R 17 S 24 S 11 R
S7b 11 R 16 R 21 S 14 R
S7c 9 R 14 R 22 S 16 R
S7d 7 R 10 R 18 R 10 R
S7e 12 R 15 R 23 S 11 R
S7f 7 R 14 R 22 S 14 R
S7g 7 R 14 R 19 S 15 R
S7h 9 R 10 R 17 R 18 R
S7i 11 R 10 R 19 S 16 R
S7j 11 R 14 R 22 S 11 R

Abbreviations: Ery, Erythromycin; Amp, Ampicillin; Oxy, Oxytetracyclin; Car, Carbenicillin

Pakistan. These samples were analyzed by standard
Most Probable Number (MPN) method which
provides an indirect estimate of the number of
microorganisms present in water. Out of 15, 11
water samples i.e., 73% (Fig. 1) were positive for
total coliforms (TC). Majority of the water samples
were positive for the presence of typical coliform
colonies especially E. coli. Finally, 13 strains that
were non-sorbitol fermenters were selected for
further screening for O157 antigen and potential for

biofilm formation. Taxonomic status of selected
strains was confirmed by using RapID™ ONE
identification system (Table ). Bacterial drug
resistance is a major problem in the treatment of
infectious diseases around the world. In present
study, antibiotic susceptibility pattern showed that
majority of the strains were resistant against
different drugs except oxytetracyclin (Table 11).
Similarly, Yilmaz et al. (2009) reported the
resistance of E. coli isolated from clinical samples
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against variety of antibiotics.

When tested against Latex E. coli O157
reagent, all strains except S7d and S7e were
agglutination positive. Further confirmation was
done by observing the Ag-Ab reaction under light
microscope (Fig. 2). Serotypic analysis is the
predominant mean by which pathogenic strains are
differentiated. Immunoassays are based on antibody
and antigen recognition. Antigens may be present in
both viable and dead cells and cross-reaction with
matrices may result in false-positive results. The
latex test was found to be a simple, highly efficient
and reliable test in detecting E. coli O157:H7 with
100% sensitivity and specificity (March and
Ratnam, 1989). A specific combination of O and H
antigens defines the "serotype” of an isolate. That
can be associated reproducibly with certain clinical
syndromes. According to the modified Kauffman
scheme, E. coli was serotyped on the basis of their
O (somatic), H (flagellar), and K (capsular) surface
antigen profiles (Nataroand Kaper, 1998).

Analysis of biofilm formation showed that in
single cultures, S7d was found to be the most
potent;  whereas, in co-cultures, S2a+S7d
combination was the most effective both in presence
and absence of FeSO,. The presence of iron
corrosion products is reported to favor bacterial
activity in drinking water networks, resulting in
increases of both suspended and biofilm-associated
bacteria (Niquette et al., 2000; Appenzeller et al.,
2001). Finally, it can be concluded that isolation and
detection of coliforms particularly those of fecal
origin from potable water system showed their poor
water quality with respect to the standard maximum
contamination limits (MCL) set by WHO. High
levels of fecal coliforms; especially, E. coli
suggested sewage mixing with our distribution lines
and inadequate disinfection treatment. In addition,
detection of E. coli O157 from water suggests a
possible health threat in terms of diarrheal diseases
and renal syndromes to the local community.
Biofilms are more resistant to disinfection than
suspended microflora and frequently allows the re-
growth of microorganism on arrival of favorable
conditions. High levels of biofilm formation
observed in the presence of iron suggested that these
nutrients serves as limiting factors for coliform
growth and should be eliminated from water system.

ACKNOWLEDGEMENT

University of the Punjab, Lahore, Pakistan is
acknowledged for providing financial support for
this research work.

REFERENCES

APPENZELLER, B. M., BATTE, M., MATHIEU, L., BLOCK,
J.C., LAHOUSSINE, V., CAVARD, J. AND GATEL,
D., 2001. Effect of adding phosphate to drinking water
on bacterial growth in slightly and highly corroded
pipes. Water Res., 35:1100-1105.

BOUBETRA, A., LE NESTOUR, F., ALLAERT, C. AND
FEINBERG, M., 2011. Validation of alternative
methods for the analysis of drinking water and their
application to Escherichia coli. Appl. environ.
Microbiol., 77: 3360-3367.

CAPPUCCINO, J.G. AND SHERMAN, N., 2002
Microbiology: A laboratory manual, sixth ed. Pearson
Education, Singapore.

MARCH, S. B. AND RATNAM, S., 1989. Latex agglutination
test for detection of Escherichia coli serotype 0157. J.
clin. Microbiol., 27:1675-1677.

NATARO, J.P. AND KAPER, J.B., 1998. Diarrheagenic
Escherichia coli. Clin. Microbiol. Rev., 11: 142-201.

NIQUETTE, P., SERVAIS, P. AND SAVOIR, R., 2000.
Impacts of pipe materials on densities of fixed bacterial
biomass in a drinking water distribution system. Water
Res., 34:1952-1956.

PADHYE, N.V. AND DOYLE, M.P., 1992. Escherichia coli
Q157:H7: epidemiology, pathogenesis, and methods for
dectection in food. J. Fd. Prot., 55:555-565.

QAZI, J.I., SHAHID, S. AND CHAUDHARY, N., 2006.
Occurrence of hemolytic coliform bacteria in drinking
water samples of Lahore. Pakistan J. Zool., 38: 119-
123.

RAPPAPORT, F. AND HENIG, E., 1952. Media for the
isolation and differentiation of pathogenic Escherichia
coli (serotypes O111 and O55). J. clin. Pathol., 5:361-
362.

REYNOLDS, K.A., MENA, K.D. AND GERBA, C.P., 2008.
Risk of waterborne illness via drinking water in the
United States. Rev. environ. Contam. Toxicol., 192:
117-158.

ROMPRE, A., SERVAIS, P., BAUDART, J., DE-ROUBIN,
M.R. AND LAURENT, P., 2002. Detection and
enumeration of coliforms in drinking water: current
methods and emerging approaches. J. Microbiol. Meth.,
49: 31-54.

SHARMA, S., SACHDEVA, P. AND VIRDI, J.S., 2003.
Emerging water-borne pathogens. Appl. Microbiol.
Biotechnol., 61: 424-428.



DETECTION OF E. COLI 0157 FROM POTABLE WATER 1247

STEPANOVIC, S., VUKOVIC, D., DAVIC, I, SAVIC, B.
AND SVABIC-VLAHOVIC, M., 2000. A modified
microtiter-plate test for quantification of staphylococcal
biofilm formation. J. Microbiol. Meth., 40:175-179.

SULEHRIA, A.Q.K., MUSTAFA, Y.S., SIDDIQUE, N. AND
AFZAL, S., 2012. Determination of drinking water
quality from source to consumer in Sabzazar, Lahore.
Sci. Int. (Lahore), 24: 101-104.

WOOD, J.D., BEZANSON, G.S., GORDON, R.J. AND
JAMIESON, R., 2010. Population dynamics of
Escherichia coli inoculated by irrigation into the
phyllosphere of spinach grown under commercial

production conditions. Int. J. Fd. Microbiol., 143: 198-
204,

YILMAZ, N., AGUS, N., YURTSEVER, S.G., PULLUKCU,
H., GULAY, Z., COSKUNER, A., KOSE, S,
AYDEMIR, S., GULENC, N. AND OZGENC, O.,
2009. Prevalence and antimicrobial susceptibility of
Escherichia coli in outpatient urinary isolates in Izmir,
Turkey. Med. Sci. Monit.. 15: P161-5.

(Received 27 December 2013, revised 9 April 2014)






