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Abstract:

The aim of the present work is to study the antibiotic resistance, plasmid and RAPD profiles of the multidrug
resistant (MDR) Coliform bacteria isolated from raw and treated sewage of Ghaziabad city, India. The MDR
bacterial population in the raw and treated sewage constituted 7.5% and 19.1% of the total Coliform bacteria
respectively. Five MDR Coliform bacteria (2 from raw and 3 from treated sewage) were isolated and identified as
Enterobacter spp. by morphological and biochemical tests. These MDR strains were resistant to most of the
commonly used antibiotics including amikacin. Plasmid isolation studies showed that all MDR strains harboured
a single plasmid of approximately 54.4 kb size. Random amplification of polymorphic DNA (RAPD) analysis of
genomic DNA produced three RAPD profiles and showed variation between the raw and treated sewage
isolates. Further, MDR strain R1 that was resistant to all 16 antibiotics tested showed plasmid-mediated
resistance which was confirmed by plasmid curing study.
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1.0 Introduction: simultaneous development of resistance to several
Pathogenic bacteria in humans and animals resistant antibiotic classes creating very dangerous multidrug-
to commonly used antibiotics have become a major resistant (MDR) bacterial strains (Alfonso, 2005). The
global healthcare problem in the 21st century. widespread emergence of multidrug resistance
Nowadays, antibiotic resistant bacteria can be found among bacterial pathogens has become one of the
in all different ecological niches. Selective pressure most serious challenge in clinical therapy (Levy and
in favour of bacteria possessing these genes has Marshall, 2004). Some pathogens, such as MDR
emerged from the abusive use of antibiotics mainly Klebsiella pneumoniae and Acinetobacter baumannii,
in hospitals, agriculture and animal farming are now virtually untreatable with current antibiotics
(Kummerer, 2004). Liquid manure of animal as well (McGowan, 2006). The incidence of MDR bacteria
as human excretions has also led to dissemination of has increased during the last few years and has been
resistant bacteria in the environment (Reinthaler et documented worldwide from both the clinical and
al, 2003).The genetic flexibility of bacteria has environmental  samples  (Kummerer,  2004;
contributed to  their survival in  altered Patwardhan et al., 2008; Li et al., 2010). Studies on
environments, because of their capacity to acquire occurrence of resistant and MDR bacteria in sewage
and transfer resistant genes. Bacteria have and sewage receiving aquatic environments have
developed resistance to all different classes of been well studied already in other countries
antibiotics discovered to date. The most frequent (Reinthaler et al, 2003; Guardabassi et al., 1998;
type of resistance is acquired and transmitted Goni-Urriza et al., 2000; Zhang et al., 2009), but such
horizontally either through conjugation, studies in India are limited (Chitnis et al., 2000). The
transformation or transduction of plasmid (Frost et present study was aimed to analyse the occurrence
al., 2005). of MDR bacteria in the raw and treated sewage and

its antibiotic susceptibility, plasmid and RAPD

Indiscriminate and inappropriate use of antibiotics in profiles.
human and animal medication has resulted in the
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2.0 Materials and Methods:
2.1 Isolation and Identification of MDR

Coliform Bacteria from Sewage Samples:

The raw and treated sewage samples were collected
from 0.5 km up- and down-stream, respectively,
from Dundehla sewage treatment plant of
Ghaziabad city, India during the month of July, 2011.
Samples were taken in sterilized BOD bottles, kept in
ice boxes and transported to laboratory for
microbiological studies. For isolation of Gram-
negative bacteria, 100 pl of raw and treated samples
were spread on MacConkey agar plates for total
Coliform counts and on same medium was
supplemented with 20 pg/ml of penicillin,
tetracycline and erythromycin for MDR bacteria
counts. After incubation at 37°C for 24 h, colonies
were counted and expressed in CFU/ml for each
plate. MDR Coliform bacteria were isolated
antibiotics supplemented MacConkey agar plates
and identified as Enterobacter spp. by standard
biochemical methods (Barrow and Feltham, 1993).

2.2 Antibiotic Susceptibility Testing:
Antibiotic susceptibility testing was performed by
using the Kirby-Bauer disk diffusion method (Benson,
1998) on Mueller-Hinton agar using 16 antibiotics
containing discs (Hi-Media Mumbai, India) as shown
in Table 2. Briefly, organisms were grown overnight
at 37°C in 5 ml Luria broth. The cultures were
adjusted to match a McFarland 0.5 standard and
spread on Mueller-Hinton agar plates using sterile
swabs. The plates were dried at room temperature
for 30 min before placing the antibiotic discs at
equidistance. The plates were incubated at 37°C for
18-20 h, and the zone of inhibition was measured in
terms of diameter (mm). Organisms were classified
as sensitive, intermediate or resistant by comparing
the diameter of inhibition zone with zone
interpretative chart provided by manufacturer’s
along with discs.

2.3 Plasmid Isolation:

Plasmid DNA of MDR bacteria was extracted by the
alkaline lysis method (Birnboim and Doly, 1979),
analysed by electrophoresis through 0.8% agarose
gel, visualised under UV transilluminator, and
photographed and recorded using the Gel
Documentation system (Model G:BOX, Syngene). To
estimate the molecular weight of plasmids,
Escherichia coli V517 (MTCC 131) was used as a
source of standard plasmid marker, which harboured
eight different plasmids with known molecular
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weight viz., 35.8, 4.8, 3.7, 3.4, 2.6, 2.0, 1.8, 1.4 MDa
(Macrina et al., 1978).

2.4 Random Amplification of Polymorphic
DNA (RAPD) Analysis:

The genomic DNA was extracted by UltraClean™
Microbial DNA isolation Kit (MO BIO Lab Inc, USA) as
per manufacturer’s instruction. Out of the 10 primer
(OPERON Techniques Inc, USA) screened, only 1
amplified primer was selected for further analysis.
PCR reaction was prepared in a total volume of 25 pl
per tube, containing 12.5 pl of ready to use 2X Taq
Master Mix (GenScript, USA Inc.), 2 ul of 25 pmol
primer, 2 ul DNA template (20-30 ng) and 8.5 pl of
nuclease-free water. Amplification was performed
on a TC-512 thermal cycler (Techne, UK) with the
following temperature program: one cycle
denaturation at 94°C for 5 min, followed by 35 cycles
at 94°C for 30 s, 55°C for 30 s, and 72°C for 2 min, a
final extension step at 72°C for 10 min followed by
cooling at 10°C. The DNA fragments produced were
separated by electrophoresis on 1.4% agarose gel
stained with ethidium bromide along with 1.0 kb
(Bangalore Genei, India) and 100 bp (Biogene, USA)
DNA markers. The molecular weight of amplified
bands was approximated by extrapolation on semi-
log graph of molecular weight of marker against the
distance (mm) migrated by the respective band.

2.5 Plasmid Curing:

The plasmid curing study was performed for highly
resistant isolate by physical method (treating cells at
45°C), as described by Fortina and Silva (1996). The
isolate was inoculated in Luria broth (Hi-Media) in
duplicate. One flask was incubated at 37°C while the
other at elevated temperature (45°C) overnight for
plasmid curing. The curing was confirmed by loss of
plasmid and antibiotic susceptibility testing using
antibiotics to which organisms were resistant.

3.0 Results and Discussion:

The mean of total Coliform bacteria counts on
MacConkey agar plates for raw and treated sewage
were 40x10° CFU/ml and 35x10° CFU/ml,
respectively after 24 h of incubation, revealing a
12.5% decrease in bacterial counts in treated sewage
(Figure 1). This is in agreement with finding of
Andersen et al (1993), as they reported a decrease in
Coliform population in treated sewage. Further, the
MDR bacterial counts for raw and treated sewage
sample were 3.0x10° CFU/ml and 6.7x10° CFU/ml,
respectively, constituting 7.5% and 19.1% of the
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total Coliform bacteria. Our results suggest that
treated sewage contained 55.2% more MDR bacteria
than the raw sewage. Similar to this result, many
reports have shown high percentage of resistant
bacteria in treated sewage or its receiving water
body (Goni-Urriza et al., 2000; lwane et al., 2001;
Schwartz et al., 2003; Da Silva et al., 2007). The high
microbial density and diversity of biofilms and
activated sludge may facilitate genetic exchange in
wastewater treatment plant (Schluter et al., 2007)
and antimicrobial agents are present in wastewater
(Kummerer, 2004).These conditions may lead to a
selection of antibiotic resistant bacteria in
wastewater treatment plant.

The selected 5 MDR strains, namely 2 from the raw
(R1 and R2) and 3 from the treated (T1-T3) sewage
were identified as Enterobacter spp. by
morphological and biochemical tests (Table 1).
Enterobacter spp. have been associated with
nosocomial infections and a variety of opportunistic
infections involving the urinary and respiratory
tracts, and cutaneous wounds, cause significant
morbidity and mortality (Peters et al, 2000). In
addition, in recent years, they are the increasing
cause of community-acquired infections as well
(Schwartz et al., 2003). According to the European
recommendation for antimicrobial resistance
surveillance, Enterobacter spp., particularly E.
cloacae is one among several bacteria which has to
be monitored in healthcare centres because
infection caused by these organisms is largely
associated with decreased immunity (Cornaglia et
al., 2004).

The antibiotic resistance pattern of the MDR strains
were determined against 16 most commonly used
antibiotics. These MDR bacteria were resistant to
penicillin, kanamycin, streptomycin, amikacin,
neomycin, erythromycin and vancomycin, except R2
which was sensitive to vancomycin (Table 2).
However, with exception of MDR isolate R1 and R2,
they were sensitive to ampicillin, amoxicillin,
norfloxacin, levofloxacin, and ciprofloxacin,
respectively. The resistance pattern of MDR bacteria
with the number of antibiotics ranged from 7-16
antibiotics and maximum resistance was shown to
the aminoglycoside class of antibiotics such as
kanamycin, streptomycin, neomycin and amikacin.
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Furthermore, with the exception of MDR isolate R1,
all were sensitive to newer quinolones such as
norfloxacin, ciprofloxacin and levofloxacin. There
were no clear trends observed in resistance pattern
between bacteria isolated from the raw and treated
sewage, as both increase and decrease in resistance
pattern was observed. The observed resistance
agrees with literature reports that Enterobacter
species are resistant to most of the antibiotics. The
resistance of this species to B-lactam antibiotics,
chloranphenicol, quinolones and tetracycline is well
documented (Thiolas et al, 2005). There are
numerous reports in literature on the increasing
resistance of Enterobacter species to penicillins and
all generations of cephalosporins and their
emergence in clinical specimens (Charrel et al,
1996).

The relatively high level of resistance to antibiotics is
a reflection of misuse or abuse of these antibiotics
during treatment of bacterial infections. Reinthaler
et al (2003) also reported E. coli strains from sewage
treatment plants were less resistant against
quinolones, while Namboodiri et al.,, (2011) have
reported quinolones-resistant E. coli from the faecal
flora of Accra residents, Ghana. Hsu et al (1992)
pointed out that the differences in the extent of
bacterial resistance to various antibiotics might
reflect the history of antibiotic applications and
allow bacterial drug resistance to be used as an
indicator of antibiotic application. B-Lactamases are
the major defense systems of Enterobacter species
(Charrel et al, 1996). However, efflux pump-
mediated resistance to B-lactam antibiotics,
quinolones, tetracycline, and chloramphenicol has
been reported (Thiolas et al., 2005).

Plasmid is one of the known most important
mediators in facilitating the fast spreading of
antibiotic resistance among bacteria (Dale and Park,
2004). Plasmid isolation study revealed that all MDR
isolates harboured a single plasmid of 54.4 kb which
is equivalent to 35.8 MDa (1 MDa=1.52 kb) of known
molecular weight of plasmid in E. coli V517 (Figure
2). The result of this study is agreement with finding
of those reported by Shahid et al (2003) and
Oppegaard et al (2001), as they have isolated single
plasmid of 48.5 kb and 65 kb in MDR isolates of
Pseudomonas aeruginosa and lactose-fermenting
Coliform, respectively.
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Table 1: Morpological and biochemical characteristics of MDR bacteria isolated from
raw and treated sewage samples

Test R1 R2 T1 T2 T3
Cell shape Rod Rod Rod Rod Rod
Colony colour on EMB  Pink Pink Pink Pink Pink
Motility - - - - -
Urease - - - - -
Catalase + + + + +
Oxidase + + + + +
Indole - - - - -
MR - - - - -
VP + + + + +
Citrate + + + + +
ONPG + + + + +
Glucose + + + + +
Sucrose - + + + +
Mannitol - + + + +
Lactose + + + + +

+ .y - .
=positive, =negative,

Table 2: Resistance pattern of MDR bacteria isolated from raw and treated sewage samples

Class Antibiotic/ (conc.)’ Rl R2 T1 T2 T3
B-lactams Ampicillin (25) R I s S S
Amoxicillin (10) R I S S S
Penicillin (10) R R R R R
Quinolones Nalidixic acid (30) R S R R I
Norfloxacin (10) R S S | S
Levofloxacin (5) R S S S S
Ciprofloxacin (30) R S S S S
Aminoglycoside Kanamycin (30) R R R R R
Streptomycin (25) R R R R R
Gentamicin (30) R R R S S
Amikacin (30) R R R R R
Neomycin (30) R R R R R
Macrolides Erythromycin (15) R R R R R
Tetracyclines Tetracycline (30) R S R | I
Glycopeptides ~ Vancomycin (30) R S R R R
Others Chloramphenicol (25) R S S | I

R=resistant, I=intermediate, S=sensitive
*Drug concentration in ug/disc mentioned in parentheses
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Figure 1: Mean of Total and MDR bacterial counts of
raw (m) and treated (o)sewage samples.
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Figure 2: Agarose gel photograph of plasmid DNA of
the MDR bacteria. Lane 1: Standard plasmid
markers of E. coli V517; lanes 2 to 6: plasmid DNA of
MDR bacteria (R1, R2, T1, T2 and T3), respectively.
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Figure 3: Agarose gel photograph of RAPD profiles of
MDR bacteria. Lane 1: 1.0 kb (1.0-10) marker and
lane 7: 100 bp (0.1-1.5 kb) marker; lanes 2 to 6: MDR
bacteria (R1, R2, T1, T2 and T3), respectively.

RAPD is simple and widely used method for strain
differentiation, since it does not require any specific
knowledge of the DNA sequences in the target
organism. Though RAPD technique has certain
limitations, still it is being used as a molecular typing
method due to its simplicity, sensitivity, flexibility
and relatively low cost (Abou-dobara et al., 2010;
Intrakamhaeng and Komutarin, 2012). In this work
RAPD-PCR analysis was done using primer OPG- 10
(5’AGGGCCGTCT3’) which produced 3 RAPD profiles
(Figure 3). Isolate R1 (lane 2) showed 1 RAPD profile
(0.5 kb) which was quite different from others. The
isolate R2 (lane 3) showed 9 RAPD profiles (0.12-2.5
kb) and was the highest number among the isolates.
On the other hand, treated sewage isolates T1-T3
(lanes 4-6) showed a similar RAPD profile (0.3-1.13
kb). The result of RAPD profile clearly indicated a
significant variation between the raw sewage
isolates and similarity among the treated sewage
isolates. Haryani et al (2008) found that 4 RAPD
profiles among seven studied Enterobacter cloacae
demonstrated the high discriminatory power of
RAPD. In addition, by using RAPD, Trautmann et al
(2006) showed isolates of P. aeruginosa had a similar
distribution of genotypes.

To determine the possible linkage of multidrug
resistance with plasmid DNA in the isolate, plasmid
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curing study was conducted for isolate R1, as this
isolate was found to be resistant to 16 antibiotics.
Curing of plasmid at elevated temperature (45°C)
had resulted in loss of 54.4 kb plasmid (result not
shown). Using physical method, Fortina and Silva
(1996) obtained curing of 14.3 kb plasmid in
Lactobacillus helveticus strain ILC 54 at 45°C. The
plasmid cured cells became sensitive to all
previously resistant antibiotics (data not given),
which revealed that antibiotic resistance marker
genes were located in plasmid. However, further
study such as transfer of plasmid into another
suitable host is necessary to confirm the plasmid
mediated antibiotic resistance.

4.0 Conclusion:

The present study showed the occurrence of MDR
bacteria in raw and treated sewage samples of
Ghaziabad city, India. The antibiotic resistance
pattern of these MDR bacteria ranged from 7 to 16
antibiotics including most of the antibiotics used
presently for treating human infections. One MDR
isolate R1 was resistant to 16 antibiotics and showed
plasmid-mediated resistance. These MDR bacteria
could pose a serious health hazardous if given a
chance to infect the community. In that case, the
antibiotics to which organisms are resistant will be
futile against these isolates. The data of this study
are consistent with limited number of samples and
bacteria, and thus similar studies need to be carried
out to determine multidrug resistance in other
pathogenic bacteria causing serious infections.
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