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The antibiotic resistance profiles of Escherichia coli isolated from three different sampling sites of the
Gomti River at Lucknow city was evaluated. Water samples were collected and then analyzed for the
presence of E. coli, using standard methods. Antibiotic susceptibility testing was performed by the disc
diffusion method. Of the 77 E. coli isolates tested, marked antibiotic resistances (over 70%) were
observed for amoxicillin, nitrofurozone, chloramphenicol, polymixin B, methicilin, ampicillin, nalidixic
acid, cefpodoxime, erythromycin, penicillin, rifampicin and ofloxacin depending upon the sampling
sites. All E. coli isolates also showed multiple resistance patterns in different combination of
antibiotics. The MAR index ranges were found very high indicating the high risk of environmental
contamination. The findings indicated that pollution of aquatic environments from different sources of
the city may have a potential impact on the dissemination and survival of E. coli, as well as other
pathogenic bacteria in the Gomti River water for public and animal health. This may result to a negative
effect on antibiotic therapy for infectious diseases.
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INTRODUCTION

Many antibiotics have been used in the last several years
in medical, veterinary, agriculture and aquaculture prac-
tices (Alpay-Karaoglu et al., 2007). Recently, there has
been a growing interest in the presence of different phar-
maceutical substances, mainly antibiotics in the aquatic
environment (Vulliet and Cren-Olive, 2011). The wide
application of antibiotics by human has led to large-scale
dissemination of bacteria resistant to antibiotics in water
basins (Dang et al., 2006).

Bacterial resistance to antibiotics in the aquatic envi-
ronment has received comparatively little attention. Bacte-

rial contamination of surface water, particularly contami-
nated with faecally derived bacteria, has long been a
water quality issue due to the potential for disease trans-
mission. Because of this and the potential for antibiotic
resistance, there is a new level of risk associated with
these bacteria. Recent studies have also identified anti-
biotics themselves in surface waters (Batt et al., 2006)
and the role of these antibiotics in the development,
transfer and maintenance of resistance is largely unknown.
The number of antimicrobial-resistant (AMR) bacteria in
the environment increases exponentially with the use of
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antimicrobials, as a result of increasing selective pressure
on bacterial populations (Tsiodras et al., 2008). Further-
more, AMR is increasing, and its spread between differ-
ent bacterial strains in different habitats has been demon-
strated (Drewnowska and Swiecicka, 2013; SVARM, 2006).

Untreated drinking water coming from different sources
contains coliforms including Esherichia coli. In developing
countries, drinking water supply lines and open sewage
drains are laid side by side resulting in frequent contami-
nation of water (Patoli et al., 2010). E. coli is an oppor-
tunistic pathogen. The disposal of treated sewage into
rivers, lakes, or elsewhere may or may not influence envi-
ronmental bacterial populations (Ahmed et al., 2010).
Food and water borne outbreaks of E. coli have been
documented from a number of countries (Soderstrom et
al., 2008). Increase in antibiotic resistance level is now a
global problem. Since water is one of the four compo-
nents of environment, and a usual habitat for E. coli,
therefore, the availability of antibiotic resistant E. coli
strains in water cannot be denied.

They represent one of the major contaminants in sur-
face and ground water in developing countries. In recent
decades, the increased usage of antibiotics has led to
antibiotic resistance among enteric bacteria. River water
is the main receptacle reservoir of antibiotics and antibio-
tic resistant bacteria in the environment. They are directly
introduced into surface water through animal farms and
agricultural practices. The antibiotic resistance bacteria in
drinking water are a prime concern to public health
(Igbinosa and Okoh, 2008). The wide use and abuse of
antibiotics in human therapy has produced MAR E. coli in
the faeces of human as well (Fischbach and Walsh,
2009). These practices have resulted in the coexistence
of MAR E.coli within these major reservoirs of enteric
disease for human. The aim of this study was to investi-
gate the multiple antibiotic resistance and their patterns
among the beta lactamase producing E. coli strains from
the Gomti river water in the vicinity of Lucknow city.

MATERIALS AND METHODS
Sampling

The study was carried out on the Gomti River water of Lucknow
City. Water samples were collected from three different sampling
sites in sterile 250 ml polypropylene bottles, according to STAS
3001-91. Samples were taken at 4°C until their arrival in laboratory.
This study was undertaken to determine the incidence and anti-
biotic resistant patterns of E. coli strains isolated from water sam-
ples. 77 E. coli isolates were isolated and tested against 20 com-
monly used antimicrobial agents.

Isolation and identification of metal tolerant E. coli isolates

Isolation of metal tolerant E. coli isolates from water samples were
done on metal (Cr, Cd, Co, Cu, Zn, Ni and Hg) amended EMB agar
plates at 100 pg/ml concentration. Serial dilutions of the water
samples were plated by spreading 0.1 ml on EMB medium for metal
tolerant E. coli. Plates were incubated at 37°C for 24 h. Greenish
with metallic sheen colonies were identified as E. coli and further
characterization was done by indole, methyl red, Voges Proskauer

and citrate utilization tests (IMViC tests).

Beta lactamase production

For detection of beta lactamase producing bacteria, a loopfull of
grown culture was transferred into small tube containing 1 ml of
penicillin G solution and incubated at 37°C for 30 min. 0.5 ml of
iodine solution was added and mixed for 2-3 min. Change in colour
to colourless, indicates positive result (Dierikx et al., 2010)

Determination of antibiotic resistance

The antibiotic resistance was determined by a standard disc
diffusion technique using Mueller-Hinton agar (Difco) according to
the recommendations of National Committee for Clinical Laboratory
Standards (NCCLS 2008) including Escherichia coli ATCC 25922
as a control strain. The antimicrobial drugs tested and their
sensidisk concentrations were: Amoxicillin (AMX) 25 pg, Nalidixic
acid (NA) 30 pg, Neomycin (NEO) 30 pg, Kanamycin (KAN) 30 ug,
Ampicillin (AMP) 10 pg, Cefradine (CEF) 25 pg, Gentamycin (GEN)
30 pg, Nitrofurozone (NR) 100 pg, Chloramphenicol (CHMP) 30 ug,
Polymixin B (PB) 300 pg, Methicillin (MET) 5 pg, Streptomycin
(STREPTO) 25 pg, Penicillin (PEN) 10 pg, Cefpodoxime (CPD) 10
Mg, Rifampicin (RIF) 2 pg, Ciprofloxacin (CIP) 5 pg, Erythromycin
(ERYTHRO) 15 pg, Ofloxacin (OF) 2 pg, Sulphadiazine (SZ) 300
pg and Tetracycline (TET) 10 pug. Within 15 min of the application of
the discs, the plates were inverted and incubated at 37°C. After 24
h of incubation, the plates were examined, and the diameters of the
zones of complete inhibition to the nearest whole millimetre were
measured. The zone diameter for individual antimicrobial agents
was then translated into sensitive and resistant categories. These
antimicrobial agents were chosen based on their importance in
treating human or animal E. coli infections and their use as feed
additives to promote growth in animals in agriculture, zootechny
and aquaculture (Florea, 2011)

Multiple antibiotic resistances (MAR) indexing

The MAR index profile based on isolate and sampling site was
performed to evaluate the health risk of the environment. MAR
index for test isolates was calculated according to the formula: No.
of antibiotics to which all isolates were resistant/No. of antibiotics
tested x No. of isolates as recommended by Downing et al. (2011).
Sampling site based MAR index was calculated by the same
formula modified by the total number of isolates from a sampling
site as described (Riaz et al., 2011).

RESULTS

A total of 77 E. coli isolates were isolated from three
different sites, 27 from site | and 25 each from sites Il and
Il of the Gomti River Water. All the isolates were found
beta lactamase positive and characterized on the basis of
antibiotic susceptibility test. E. coli isolates from site I, Il
and IIl showed a variable resistance against 20 different
antibiotics tested showed in Figure 1. 96% of the isolates
showed resistance against amoxicillin followed by 89, 85
and 77% against Nitrofurozone, Penicillin, Chlorampheni-
col, respectively. Lower number of isolates showed resis-
tance against Rifampicin (14.8%) followed by Gentamicin
(11.11%), (Neo 7.40%) and ciprofloxacin (3.7%).

In case of site II: A high level of resistance was also ob-
served among the isolates; all the isolates demonstrated
resistance against Amoxicillin, Polymixin B and Methicilin.
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Figure 1. Percentage of resistance against antibiotics in E. coli isolates from Gomti River water (sites I, Il
and Il1).

96% of the isolates showed resistance against cefpodo- Similar observations were recorded in the case of site
xime, rifampicin and ciprofloxacin. Minimum drug resis- Ill: All isolates demonstrated resistance against Ampi-

tance was observed by 40, 36, 32% isolates against cillin, Polymixin B and Penicillin, while 92 and 84% isolates
Kanamycin, Tetracyclin and Gentamicin, respectively. showed resistance against Amoxicillin and Nitrofurozone,
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Table 1. Antibiotic resistance pattern in 27 E. coli isolates from Gomti River water (sample 1).
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Number of
antibiotics

Resistance pattern

Number of resistance
isolates

Percentage
(%)

MAR

2

4
5
6

10

11

12

14

AMX, MET.

AMX, AMP, ERYTHRO, PB.

PEN, ERYTHRO, NEO, PB, AMX

NR, NA, AMX, OF, RIF, PB.

NR, MET, AMOX, PB, RIF, SZ.

AMX, NA, NR, CHMP, PEN, ERYTHRO, SZ, OF.

AMX, NR, MET, PEN, ERYTHRO, SZ, KAN, CHMP.

NR, CHMP, MET, PEN, ERYTHRO, SZ, AMP, TET.

AMX, NR, CHMP, MET, STREPTO, PEN, SZ, AMP, PB.

AMX, NR, CHMP, MET, STREPTO, SZ, PEN, PB, AMP.

AMX, NR, MET, STREPTO, PEN, SZ, CHMP, TET, OF.

AMX, NA, NEO, GEN, NR, ERYTHRO, SZ, CHMP, PB.

AMX, NA, NR, MET, PEN, CPD, ERYTHRO, SZ, PB, CHMP.

MET, CHMP, NR, NA, AMOX, PEN, ERYTHRO, TET, CPD, PB.
NA, NR, MET, PEN, CPD, ERYTHRO, CHMP, AMOX, AMP, PB.
AMX, NR, CH, MET, STREPTO, PEN, SZ, AMP, PB, RIF.

AMX, NA, NR , MET, STREPTO, PEN, Sz, CEF, CHMP, NEO.
AMX, NA, AMP, NR, CHMP, MET, PEN, ERYTHRO, SZ, PB.

AMX, NR, CHMP, PB, MET, PEN, ERYTHRO, SZ, TET, KAN.
AMX, AMP, GEN, NR, CHMP, MET, PEN, ERYTHRO, OF, SZ.
AMX, NA, NR, MET, STREPTO, PEN, CPD, SZ, ERYTHRO, OF, PB.
AMOX, NA, CEF, NR, CHMP, MET, PEN, CPD, ERYTHRO, OF, AMP.
AMX, NA, NR, CHMP, MET, STREPTO, PEN, SZ, AMP, PB, OF.
AMX, NR, MET, STREPTO, PEN, SZ, CHMP, TET, PB, AMP, CEF.
AMX, NA, NR, MET, STREPTO, PEN, SZ, CH, PB, AMP, OF.

AMX, NA, NR, CHMP, MET, STREPTO, PEN, SZ, AMP, PB, OF,
ERYTHRO.

AMX, NA, CEF, GEN, NR, CHMP, PB, MET, PEN, RIF, CIP,

1
1
1

3.7
3.7
3.7

7.4

11.1%

14.8%

25.6%

18.5%

3.7

3.7

0.1

0.2
0.25

0.3

0.4

0.45

0.5

0.55

0.6

0.7

ERYTHRO, SZ, AMP.

Sensitive strains- 2.

respectively. There in site lll, the least number of isolates
by 16 and 4% showed resistance against Nalidixic acid
and Ciprofloxacin, respectively.

Single and multiple antibiotic resistance patterns in 27
E. coli isolates were also recorded in the sites of the
Gomti River Water, as depicted in Tables 1, 2 and 3. In
site I, all the isolates showed 11 patterns of antibiotic
resistance against the antibiotics tested. 3.7% isolates
showed resistance to 2, 4, 5, 12 and 14 antibiotics in one
and two combinations, respectively. 7.4% isolates showed
resistance to 6 antibiotics at a time in 2 different combina-
tions. 11.1% isolates showed resistance to 8 antibiotics at
a time in three different combinations. 14% of the isolates
exhibited resistance to 9 antibiotics at a time in four com-
binations. 18.5 and 29.6% of the isolates showed resis-
tance to 11 and 10 antibiotics at a time in five and eight
different combinations, respectively.

Antibiotic resistance patterns among the 25 E. coli
isolates from site Il were also recorded. All the isolates
showed 12 different resistance patterns among the anti-

biotics tested. 4% isolates showed resistance to 6, 8, 9,
10 and 14 antibiotics at a time in one combination and
8% isolates exhibited resistance to 12, 13, 16 and 18
antibiotics at a time in two different combinations and 12,
16 and 20% isolates showed resistance to 17, 11and 15
antibiotics at a time in three, four and five different com-
binations, respectively.

In the case of site Il (25 E. coli isolates), all the isolates
showed 12 different patterns of antibiotic resistance
against the antibiotics tested. 4% of the isolates showed
resistance to 7, 8, 11, 18 and 20 antibiotics at a time in
one combination, respectively, while 8% of the isolates
exhibited resistance to 10, 12, 14, 15 and 17 antibiotics at
a time in two different combinations respectively. 16 and
24% of E. coli isolates exhibited resistance to 16 and 13
antibiotics at a time in four and six different combinations,
respectively.

M.A.R. indexing based on isolates was also calculated.
A varied trend of MAR Index was observed among the
isolates from the three different sampling sites. 3.7%
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Table 2. Antibiotic resistance pattern in 25 E. coli isolates from the effluent of Gomati River water (sample 2).
Nur.nt.)er. of Resistance pattern . Numbgr of Percentage
antibiotics resistance isolates (%) MAR
6. AMX, PEN, Sz, CPD, MET, PB. 1 4 0.3
8. CPD, MET, NA, PB, GEN, RIF, AMX, NR. 1 4 0.4
9. PB, CPD, OF, GEN, RIF, AMX, PEN, STREPTO, MET. 1 4 0.45
10. AMX, PEN, MET, PB, AMP, OF, KAN, CHMP, RIF, ERYTHRO. 1 4 0.5
AMX, PEN, MET, NA, PB, AMP, CHMP, ERYTHRO, RIF, NEO,
OF, PB, AMX, CPD, MET, NR, NA, NEO, PEN, OF, RIF,
ERYTHRO.
11 CPD, MET, CHMP, NR, CEF, SZ, PB, PEN, ERYTHRO, AMOX, 4 16 055
RIF.
AMX, PEN, CPD, MET, CH, NA, PB, AMP, STREPTO, OF, RIF.
AMX, PEN, CPD, MET, CHMP, NA, KAN, STREPTO, RIF, OF,
12. NEO, PB, PB, OF, AMX, PEN, MET, NA, GEN, STREPTO, KAN, 2 8 0.6
AMP, RIF, CPD.
AMX, PEN, Sz, CPD, MET, AMP, NA, STREPTO, CEF, NR, PB,
13. RIF, ERYTHRO, SZ, CPD, MET, PB, AMX, PEN, NR, NA, 2 8 0.05
ERYTHRO, NEO, RIF, OF, AMP.
14. AMX, PEN, SZ, CPD, MET, AMP, CHMP, NA, STREPTO, 1 4 0.7
ERYTHRO, RIF, PB, OF, CEF.
AMX, PEN, MET, AMP, CH, NA, TET, RIF, KAN, CPD, PB, NEO,
OF, SZ, ERYTHRO.
AMX, PEN, Sz, CPD, MET, NR, NA, AMP, CIP, CEF, OF, CH,
ERYTHRO, RIF, PB.
OF, AMX, PEN, SZ, CPD, MET, AMP, CHMP, NA, ERYTHRO,
15 KAN, RIF, PB, CIP, TET. 5 20 0.75
AMX, PEN, CEF, SZ, MET, CHMP, NR, ERYTHRO, PB, OF,
KAN, RIF, AMP, CPD, TET.
CEF, Sz, CPD, MET, RIF, AMX, PEN, CHMP, CIP, PEN, NA, OF,
AMP, TET, ERYTHRO.
PEN, MET, AMP, CHMP, NA, RIF, AMX, OF, KAN, PB, CPD,
16 TET, ERYTHRO, NEO, STREPTO, NR. 5 8 08
' AMP, PEN, CPD, MET, AMP, CHMP, NA, ERYTHRO, PB, GEN, '
KAN, RIF, SZ, OF, NR, NEO.
PB, AMX, PEN, CEF, SZ, CPD, MET, AMP, CHMP, NR, NA, RIF,
ERYTHRO, GEN, OF, NEO, CIP.
17. RIF, AMX, OF, PEN, SZ, CPD, MET, AMP, CHMP, CIP, NA, TET, 3 12 0.85
PB, GEN, KAN, NEO, NR.
MET, CHMP, ERYTHRO, PB, OF, KAN, RIF, AMP, TET, NA,
ERYTHRO, STREPTO, CHMP, PB, TET, NEO, OF.
PB, PEN, Sz, CPD, MET, NR, CHMP, AMX, RIF, GEN, CEF,
18. AMP, TET, NEO, CIP, NA, OF, KAN. 5 8 0.9

AMX, PEN, CPD, MET, CIP, NA, ERYTHRO, PB, GEN, CEF, SZ,
CHMP, STREPTO, NR, RIF, OF, NEO, AMP.

isolates from site | showed a MAR 0.1 - 0.7 range against
different number of antibiotics. M.A.R. 0.45, 0.5 and 0.55
were recorded by 14.8, 29.6 and 18.5% isolates respec-
tively. In the case of sampling site I, 4% isolates demon-
strated 0.3 - 0.7 MAR. range, while, MAR 0.9 was recor-
ded by 8% isolates against 18 antibiotics. Maximum MAR
was recorded among the isolates from site Ill. 4 and 8%
isolates showed MAR range 0.35- 1.0 and 0.6 - 0.9 against
different number of antibiotics, respectively.

DISCUSSION

Many studies revealed that the co-selection took place in
antibiotic resistance (Berg et al., 2005; Stepanauskas et
al., 2005; Wright et al., 2006). Bacteria in metal-contami-
nated environments appeared to be easier to obtain anti-
biotic resistance phenotypes than in control areas (Baker-
Austin et al., 2006). Wright et al. (2008) found that class 1
integrase gene was more abundant in the metal-exposed
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Table 3. Antibiotic resistance pattern in 25 E. coli isolates from the effluent of Gomati River water (sample 3).

Number of

Number of Percentage

antibiotics Resistance pattern resistance isolates (%) MAR
7. CPD, AMX, PEN, CEF, AMP, PB, MET. 1 4 0.35
8. CPD, AMX, MET, ERYTHRO, NR, PEN, PB, RIF 1 4 0.4
CPD, PEN, MET, ERYTHRO, PB, AMX, KAN, CHMP, NR, AMP.
10. CPD, SZ, OF, PEN, ERYTHRO, NR, CHMP, MET, PB, AMX. 2 8 0.5
11. gIF:’D CEF, MET, KAN, AMX, PB, ERYTHRO, NEO, NA, AMP, 1 4 0.55
CPD, AMX, MET, NR, RIF, STREPTO, AMP, CHMP, PB, NA,
12. CEF, PEN. 2 8 0.6
CPD, PEN, CEF, CIP, AMP, MET, AMX, PB, SZ, OF, NA, NR
CPD, SZ, AMX, PEN, CEF, NA, MET, ERYTHRO, NR, PB, RIF,
CHMP, AMP.
CPD, AMX, PEN, CHMP, MET, ERYTHRO, RIF, STREPTO,
AMP, NR, OF, NA, NEO.
CPD, AMX, PEN, CEF, AMP, MET, RIF, PB, CHMP, NA,
ERYTHRO, NR, KAN.
13 CPD, AMX, PEN, AMP, MET, PB, TET, NA, ERYTHRO, NR, 6 24 0.65
KAN, GEN.
CPD, AMX, PEN, CEF, MET, NR, ERYTHRO, AMP, OF, CIP,
NA, PB, SZ.
CPD, AMX, PEN, CEF, TET, OF, ERYTHRO, PB, KAN, MET,
AMP, NR, NA.
CPD, PEN, MET, ERYTHRO, RIF, CHMP, TET, CIP, AMX, PB,
14, KAN, NR, NEO, AMP. 5 8 07
CPD, Sz, AMX, CEF, NA, AMP, MET, NR, RIF, TET, OF, PEN,
PB, KAN.
CPD, Sz, AMX, PEN, CEF, TET, CHMP, MET, RIF, OF, NA, PB,
15. AMP, GEN, NR. 2 8 0.75
CPD, AMX, PEN, CEF, MET, NEO, PB, SZ, ERYTHRO, NR, OF,
NA, AMP, TET, KAN.
CPD, AMX, PEN, NA, CHMP, MET, NEO, ERYTHRO, NR, RIF,
STREPTO, CIP, AMP, OF, PB, CEF.
CPD, AMX, SZ, PEN, CEF, NA, AMP, CHMP, MET, ERYTHRO,
16. NR, RIF, TET, STREPTO, KAN, NEO. 4 16 08
CPD, SZ, AMX, PEN, CHMP, MET, ERYTHRO, CEF, AMP, CIP,
PB, RIF, NEO, NR, NA, OF, TET.
PEN, CEF, MET, RIF, CIP, PB, AMX, CPD, NR, CHMP, NA,
ERYTHRO, KAN, NEO, AMP, OF.
CPD, AMX, PEN, AMP, CHMP, MET, ERYTHRO, NR, RIF, Sz,
17 CEF, CIP, KAN, NA, OF, TET, NEO. 5 8 0.85
CPD, AMX, PEN, AMP, CHMP, MET, ERYTHRO, NR, RIF,
STREPTO, CIP, KAN, NA, TET, PB, SZ, OF.
18. CPD, PEN, MET, ERYTHRO, NR, RIF, STREPTO, CHMP, CIP, 1 4 0.9
AMX, NA, PB, CEF, NEO, TET, AMP, KAN, GEN.
20. CPD, AMX, PEN, CEF, CHMP, PB, MET, ERYTHRO, RIF, 1 4 1

STREPTO, AMP, CIP, GEN, NR, TET, KAN, SZ, NA, NEO, OF.

environments than in control, and the selective pressures
shaped the structure of the gene cassette pool, indicating
that relative gene transfer potential is higher in the micro-
bial communities of the contaminated environments.

A variety of bla genes identified in bacteria derived from

different environmental sources such as water or sedi-
ments of aquaculture areas (Srinivasan et al., 2005; Jacobs
and Chenia, 2007), STPs (Szczepanowski et al., 2004;
Leski etal., 2013; Antunes et al., 2006; Taviani et al., 2008),
and surface water (Poppe et al., 2006). The environmen-



tal compartments may further serve as reservoirs for (-
lactam resistance genes. The bla genes are often detec-
ted in environmental pathogens including Aeromonas
(Jacobs and Chenia 2007), Enterobacter (Leski et al.,
2013), Salmonella (Antunesetal., 2006; Mouraetal., 2007),
Staphylococcus (Volkmann et al., 2004), and Vibrio spp.
(Taviani et al., 2008). AmpC gene encoding p-lactamases
has been detected in the microbial isolates from waste-
water, surface water and even from drinking water films
(Blaak et al., 2010). bla genes often coexist with other
antimicrobial resistance determinants and can also be
associated with mobile genetic elements, increasing the
possibility of multidrug resistance and environmental dis-
semination (Schluter et al., 2007).

A high antibiotic resistance had been reported in the
past two decade (Michael, 2009) and antibiotic resistance
still remains a global problem today. High level of antibio-
tic resistance was observed in this study with twenty
antibiotics. From the three sampling sites, 77 isolates of
E. coli were isolated. All the isolates were tested for their
resistance against particular as well as multiple antibiotic
resistance. A varied trend of resistance among the iso-
lates was recorded from the three different sampling sites
(I, 1 and 11). All isolates showed multiple resistance to
antimicrobial agents tested. Of the 100% isolates from
sites Il and Ill there was resistance against Amoxicillin,
Polymixin B, Methicillin and Ampicillin, Polymixin B, Peni-
cillin, respectively. In the case of site I, 100% resistance
was not observed against any antibiotic. Of the >50%
isolates were found resistant against most of the antibio-
tics tested from site | while it was observed against 7 and
6 antibiotics among the isolates from sites Il and lIIl,
respectively. In the case of multiple resistance, most of
the isolates showed multiple antibiotic resistance. All the
isolates from all sampling sites showed 11-12 resistance
patterns for 20 antibiotics. In the case of site I, 18.5 and
25.6% isolates showed resistance to 11 and 10 antibio-
tics at a time in 5 and 7 different combinations, respec-
tively, while 12, 16% and 20% isolates from site Il showed
resistance to 17, 11, and 15 antibiotics at a time in 3, 4
and 5 different combinations, respectively. Of the 4%,
isolates from site-lll exhibited multiple resistance to 7, 8,
11, 18 and 20 antibiotics at a time in one combination,
respectively. However, the high level of E. coli resistance
to tested antibiotic seems to correspond to the report of
Adegunloye (2006). Most of the isolated strains of E. coli
showed high level of resistance more than other bacteria
from the intestinal tract as reported by Esposito and
Leone (2007). The bacterial isolates showed high level of
antibiotic resistance against all used antibiotics. The
resultwasin agreementwith that of Muhammad et al. (2010)
who reported that the abuse and misuse of antimicrobial
agents for growth promotion and prevention of diseases
has impressed a selective pressure that causes disco-
very of more resistant bacteria.

In another study conducted in Pakistan, the suscep-
tibility pattern of the urinary tract infection causing E. coli
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was studied. The susceptibility pattern of imepenem was
98%, while meropenem was 97%. Gentamicin had a sen-
sitivity of 48%, while Ciprofloxacin was 35% and Cotrimo-
xazole was 17%. They also concluded that multidrug re-
sistant and ESBL producing E. coli was in large propor-
tion in this region (Ullah et al., 2009). The pattern of sen-
sitivity was also affected with the type of infection, as
ESBL producers had high rate of resistance to cephalo-
sporin and penicillin groups as compared to non ESBL
producers.

CM Jardine (2012) reported that there were larger mul-
tiple antibiotic resistance of E. coli isolated in urban areas
than from rural areas. Ramteke (1997) studied the anti-
biotic resistance of 448 coliforms isolated from drinking
water and their tolerance to heavy metals. More than
90% of metal tolerant isolates showed resistance to one
or more antibiotics tested. Parveen et al. (1997) studied
total 765 E. coli isolates for their multiple-antibiotic resis-
tance profiles with 10 antibiotics and stated antibiotics
resistance pattern influenced by geographical condition.

MAR is considered as a good tool for risk assessment.
This also gives an idea of the number of bacteria showing
antibiotic resistance in the risk zone in the study’s routine
susceptibility testing. This MAR index also recommended
that all isolates, somehow, originated from the environ-
ment where antibiotics were over used (Moon, 2013).
MAR index values higher than 0.2 were considered to
have originated from high-risk sources where antibiotics
are often used (Hemen et al., 2012).

In our study we also determined the MAR index of E.
coli isolates from all three sampling sites. Isolates showed
a variation in their MAR index based on sampling sites.
Low and high risk MAR were recorded among the E. coli
isolates from the water samples of the Gomti River. MAR
range 0.1-0.7, 0.3-0.9 and 0.35-1.0 were recorded among
the isolates from site | (polluted), site Il (polluted) and site
Il (less polluted receiving the treated water near the
treatment plant), respectively. No significant difference
among the isolates from polluted and less polluted sites
was observed regarding their antibiotic (Chitanand et al.,
2010)

All E. coli strains isolated from river and polluted waters
show a high incidence of MAR phenotype. Many investi-
gators have recognized that wastewater treatment plants
are the principal recipients of enteric bacteria with multi-
ple antibiotic resistance (Selvarathum and Kuberger, 2004)
and an important site for horizontal gene transfer, by con-
taining nutrients and high concentrations of microorga-
nisms (Sloan et al., 2014).

MAR indexing is likely to provide a useful tool for better
risk assessment by identifying contamination from high-
risk environments. These investigations suggest that an
unexpected increase in the MAR index of E. coli isolates
from food should prompt an immediate investigation even
though the number of E. coli organisms present is below
the established guideline or standard. The disposal of
treated sewage into rivers, lakes or elsewhere may or may
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not influence environmental bacterial populations (Sloan
et al., 2014). Some studies have found that wastewater
treatment can raise or lower the proportions of antibiotic
resistant bacteria which carry antibiotic resistance plas-
mids (Silva et al., 2006). The observation of increased
resistance frequency to ampicillin, tetracycline, strepto-
mycin and chloramphenicol after wastewater treatment
has previously been reported by Reinthaler et al. (2013).

High-MAR E. coli are also the major reservoirs for ente-
ric diseases which are transmitted to human through food
and water. It was also found that nitrofurazone-resistant
E. coli organisms were frequently isolated from the poul-
try environment but seldom elsewhere. As mentioned
earlier, nitrofurozone has very limited use but is allowed
in animal feeds for the control of coccidiosis in poultry
and bacterial enteritis (scours) in swine. Nitrofurozone
may prove to be a useful marker, signalling fecal conta-
mination from this source (Bendall, 2009).

The aim of this study was to establish the microbiolo-
gical safety of water sources and to provide updated data
on resistance index, which may help in identifying the
high risk contamination sites in the aquatic environment.
The E. coli is indicative of general hygienic quality of the
water and potential risk of infectious diseases from water.
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