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Studies on antibiotic resistance profiles of thermotolerant Escherichia coli anj
multiple antibiotic resistance index of different water sources
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Abstract

The rationale behind this study was that no clear data from Durg District is available on the antibiotic resistance profiles of E.
coli, the most common pathogen of both humans and animals. Water being one of the most prevalent routes of transmission
of E. coli, the present study aimed at isolation and characterization of the same from widely used water sources of Durg-Bhilai
region. Thermotolerant E. coli (n=50) were isolated from municipal water, ground water, lake (Talpuri Talab), and river
Shivnath. Multiple antibiotic resistance (MAR) indexing was performed using antibiotics viz. amoxicillin, chloramphenicol, co-
trimoxazole, ceftriaxone, ciprofloxacin, cephotaxime, nalidixic acid, gentamycin and tetracycline. 85.4% of isolates showed
resistance to 2 or more antibiotics. Resistance to three or more antibiotics (multidrug resistance) was shown by 24.4% of
isolates. Plasmid bands ranging in size from 0.5 kb — 35 kb were present in 35 out of 50 isolates. Multiple plasmids were
shown in 6 isolates. MAR index of isolates ranged from 0.11 to 0.55. 61% of isolates in this study had an index of 0.22,
14.63% had 0.44, 7.23% had 0.33 and 2.44% had 0.55. A high index of 0.79 was shown by River Shivnath followed by 0.2 by
Talpuri Talab. The MAR index >0.2 is considered to originate from high risk source of contamination. High MAR indices of
individual isolates and sampling sites in Durg-Bhilai region showed that water sources are contaminated with antibiotic
resistant E. coli arising from high risk sources of contamination.
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INTRODUCTION

Antibiotic resistance among pathogens is emerging as a
threat to human and veterinary medicine. This is due to the extensive
and indiscriminate use of antibiotics for treatment, prophylaxis or
growth promotion. Rise of antimicrobial resistance in E. coli to
multiple antibiotics is a major concern both in developed and
developing countries (1,2). Contamination of water sources with
faecal bacteria like E. coli is a serious problem due to its ability to
transmit diseases. The risk associated with these bacteria further
increases if they are antibiotic resistant (3). Several waterborne
outbreaks due to multidrug resistant E. coli have been reported world
wide. It is difficult to accurately determine the sources of
contamination of water bodies. Multiple antibiotic resistance (MAR)
indexing is one such method used for determining the source of
faecal contamination (4,5). Hence, the aim of this study was to
isolate antibiotic resistant E. coli from water sources of Durg district
and bring out the level of contamination of different sources with the
same.

MATERIALS AND METHODS
Microbiological analysis of water samples
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A total of 158 water samples were collected from surface
water (54), municipal water (74) and ground water (30) of Durg-Bhilai
region. Microbiological examination of samples was performed at
44.5°C by membrane filtration technique (MFT) using EMB agar
(HiMedia Labs Pvt. Ltd., Mumbai) to isolate thermotolerant E. coli (6).
Identification of E. coli was based on standard bacteriological tests
such as cultural, morphological and biochemical tests.

Antibiotic susceptibility test

Nine antibiotics (HiMedia) amoxicillin  (Amx  30ug),
chloramphenicol (C 10ug), co-trimoxazole (Cot 25ug), ceftriaxone
(Ctr 30pg), ciprofloxacin (Cip 5ug), cephotaxime (Cfx 30ug),
nalidixic acid (Na 30ug), gentamycin (Gen 10ug) and tetracycline
(Te 30ug) were used to determine the resistance pattern of isolates
using disc diffusion method. The diameter of zone of inhibition was
measured in millimetre, compared with standard interpretative chart
and characterized as sensitive, intermediate and resistant (7).
Isolates resistant to three or more antibiotics were considered
multidrug resistant (MDR).

Multiple antibiotic resistance (MAR) indexing

MAR index of individual isolates and sampling sites were
calculated using the equations given below (8):

MAR index of isolate = No. of antibiotics to which isolate was
resistant / Total no. of antibiotics to which isolate was exposed.

MAR index of site = Average resistance index of all isolates from a
site / (No. of antibiotics tested x no. of isolates from the site)
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Isolates with an MAR index of 20.2 are said to originate from
high risk sources of contamination. An MAR index of 0.4 or higher is
associated with human faecal source and less than 0.4 with non
human faecal source of contamination (9).

Plasmid profiling

Plasmid DNA was extracted by the alkaline lysis method and
resolved by electrophoresis in 0.8% agarose gel incorporated with
ethidium bromide (10). Super mix DNA ladder (Genei Pvt. Ltd.,
Bangalore, India) was run along with samples as reference. The E.
coli strain MTCC 723 was used as control. The gels were visualized
on a trans-illuminator and the number of bands was noted with
careful eye examination.

RESULTS AND DISCUSSION

The quality of water that is consumed is an important factor
governing the health of an individual and the society as a whole.
Thus there is a need to constantly maintain the quality of this
resource by effective surveillance and control measures. Durg district
occupies the south-western part of the Upper Shivnath Mahanadi
valley of Chhattisgarh state and is abundantly drained by rivers
Shivnath and Kharrun. There are several major and minor lakes also
providing fresh water. Both the urban and rural communities are
mostly dependant on the public utilities for supply of drinking water.
Ground water is also developed in terms of dug cum tube wells.
Thermotolerant E. coli (39 isolates) were isolated from all river and
lake water sites giving a high rate of isolation of 71.43% and 75%
respectively. Of the ten potable water sites studied, six sites showed
the presence of E. coli (11 isolates) with a rate of isolation of 10.81%
for municipal water and 10% for tube well water. Thermotolerant E.
coli were isolated also by Tambekar et al. (5), Oyedeji et al. (11) from
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different water sources. The high rate of isolation of E. coli from
surface water is a cause of concern as it indicated severe
contamination which could be due to open defecation, surface run off
during rains and percolation of waste water from surroundings.

In this study, varying levels of resistance was observed
among the 50 biochemically identified E. coli isolates. Nine isolates
viz. SA4, SC8, SD2, SD10, PH3, Pul1, LW4, Cha2 and Khu1 were
sensitive to all the antibiotics tested. Among the other isolates,
resistance was found to be highest for tetracycline (58.53%) followed
by gentamycin (48.78%), amoxicillin (31.7%), ciprofloxacin (21.95%),
chloramphenicol (17.07%), nalidixic acid and co-trimoxazole
(14.63%) and ceftriaxone (12.19%). Least percent (9.75%) of
isolates showed resistance to cefotaxime. In this study we observed
moderate resistance to antibiotics and the results were consistent
with previous studies on aquatic isolates of E. coli (12,13).

Of the 41 antibiotic resistant E. coli isolates obtained from
different sampling sites, ten isolates (24.39%) were resistant to three
or more antibiotics (MDR) (Table 1), which is typical of the results
obtained by Sahoo et al. (14). Higher rates of occurrence of MDR E.
coli in water sources have been reported from Hyderabad (15) and
Saudi Arabia (16). Resistance to tetracycline was observed in all
MDR isolates. The frequency of resistance to individual antibiotics
among the MDR and non MDR isolates from the four sampling sites
is shown in Fig. 1. Frequency of isolates resistant to all antibiotics
was high for both river Shivnath and lake Talpuri. All the municipal
water isolates were sensitive to cefotaxime and co-trimoxazole. Tube
well water isolates were sensitive to amoxicillin, chloramphenicol,
cefotaxime, co-trimoxazole, ciprofloxacin, ceftriaxone and nalidixic
acid. Least resistance was observed for tube well (ground water)
water site. The low prevalence of MDR bacteria in ground water was
noted also by Soge et al. (17) who studied resistance in gram
negative bacteria from different ground water sources in Uganda.
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Fig 1. Frequency of antibiotic resistance of MDR and non MDR E. coli in water samples from river, lake, tube well and municipal distribution sites
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Plasmid profiling of both MDR and non MDR isolates was
performed and 36 isolates showed the presence of plasmid. The
molecular size of plasmids ranged from 35 kb to 0.5 kb. High
molecular size resistance plasmids from antibiotic resistant E. coli
obtained here was in conformity with results of Nazir et al. (18),
Akturk et al. (19). Table 1 illustrates the number of plasmid in both
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MDR and non MDR isolates. Multiple plasmids were found more
significantly in MDR than non MDR E. coli. A strong positive
correlation (0.717) was observed between number of antibiotics to
which an isolate was resistant and its number of plasmid bands. The
isolates with more plasmids were more likely to be antibiotic resistant
(p<0.01, Fisher's Exact test, SPSS Inc. Version 16, USA).

Table 1a. Resistance pattern, plasmid profile and MAR index of E. coli isolates

MDR E. coli
Is;l:'te Resistance Pattern Plasmid Bands ~ MAR Index
SC1 AmxCNaTe 3 0.44
SC5 AmxCGenNaTe 2 0.55
Sb4 AmxCGenTe 2 0.44
SB2 AmxCtrGenTe 1 0.44
SA3 CGenNaTe 1 0.44
Lw7 AmxCGenTe 1 0.44
PH2 CipGenTe 1 0.33
Pul2 AmxGenTe 1 0.33
SD9 AmxGenTe 1 0.33
SC4 CfxGenTe 0 0.33

Table 1b. Resistance pattern, plasmid profile and MAR index of E. coli isolates

Non MDR E. coli

Isolate No. R‘{:;ftt:::fe Pé:;’gisd MAR Index Isolate No. Re;;ftt:;ce Pé:;’gisd MAR Index
Chat GenTe 2 0.22 SD8 CtrGen 1 0.22
SA1 AmxTe 1 0.22 LW1 CotTe 1 0.22
SA2 GenTe 1 0.22 LW5 AmxNa 1 0.22
SB AmxCip 1 0.22 LW8 CipTe 1 0.22
SB3 CotGen 1 0.22 LW9 CtrGen 1 0.22
SB4 CCip 1 0.22 Supf CtrTe 1 0.22
SB5 CixCip 1 0.22 SD6 Te 1 0.11
SB6 CotTe 1 0.22 LW3 Te 1 0.11
SB7 AmxCot 1 0.22 Sup2 Amx 1 0.11
SC2 CipTe 1 0.22 PH1 c 1 0.11
sc7 GenTe 1 0.22 Rut Na 1 0.11
SC9 CipTe 1 0.22 SC3 CotGen 0 0.22
SD1 GenTe 1 0.22 SC6 AmxCip 0 0.22
sD3 CfxGen 1 0.22 LW2 CipGen 0 0.22
SD5 CtrTe 1 0.22 LW6 Cfx 0 0.11
sD7 CotGen 1 0.22

Amx- Amoxicillin, Cfx- Cefotaxime, C- Chloramphenicol, Cot- Cotrimoxazole, Cip- Ciprofloxacin, Ctr- Ceftriaxone, Gen- Gentamycin, Na- Nalidixic acid, Te- Tetracycline

Multiple antibiotic resistance indexing of the E. coli isolates in
this study showed that 70% of isolates were form high risk sources of
contamination, with an MAR index ranging from 0.22 — 0.55 (Table 1).
The MAR index of isolates from different water samples was
comparable with those of previous studies (20,2,19). Six isolates had

human faecal origin (MAR index of 0.44 and 0.55). River Shivnath
and lake Talpuri were found to have a high MAR index suggesting
that both were contaminated with E. coli arising from high risk
sources (Table 2). Similar observation was made by Tambekar et al.
(5) who reported high MAR index due to human and non human
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faecal contamination, of surface, ground and public supply water
sites in Akola and Buldhana of Vidarbha district. Chatterjee et al. (21)
noted that drinking water sources of Uttarakhand region were
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contaminated with high MAR index E. coli originating from potential
risk sources.

Table 2. Multiple antibiotic resistance index of sampling sites

Site No. of E. coli % of MDR MAR index
isolates isolates of sites
River Shivnath 30 2333 0.79
Lake Talpuri 9 11.11 0.20
Municipal distribution 8 25.00 0.13
lines
Tube wells 3 0 0.02

CONCLUSION

Thermotolerant E. coli isolated from the surface water, ground
water and municipal distribution sites were found to be highly
resistant to tetracycline, gentamycin and amoxicillin which are
commonly used in human and animal medicine. High multiple
antibiotic resistance index of isolates as well as sampling sites
suggested high risk sources such as human and non human faeces
as the origin of contamination. Prevalence of plasmid mediated
resistance among isolates is a cause of concern due to the
possibility of dissemination of resistance gene to other species and
other genera. The results of this study highlighted the need for
controlled use of antibiotics and strict pollution monitoring
programmes in Durg district of Chhattisgarh.
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