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Abstract The present study focuses prudent elucida-
tion of microbial pollution and antibiotic sensitivity
profiling of the fecal coliforms isolated from River
Cauvery, a major drinking water source in Karnataka,
India. Water samples were collected from ten hotspots
during the year 2011–2012. The physiochemical char-
acteristics and microbial count of water samples collect-
ed frommost of the hotspots exhibited greater biological
oxygen demand and bacterial count especially coliforms
in comparison with control samples (p≤0.01). The an-
tibiotic sensitivity testing was performed using 48

antibiotics against the bacterial isolates by disk-
diffusion assay. The current study showed that out of
848 bacterial isolates, 93.51 % (n=793) of the isolates
were found to be multidrug-resistant to most of the
current generation antibiotics. Among the major iso-
lates, 96.46 % (n=273) of the isolates were found to
be multidrug-resistant to 30 antibiotics and they were
identified to be Escherichia coli by 16S rDNA gene
sequencing. Similarly, 93.85 % (n=107), 94.49 % (n=
103), and 90.22 % (n=157) of the isolates exhibited
multiple drug resistance to 32, 40, and 37 antibiotics,
and they were identified to be Enterobacter cloacae,
Pseudomonas trivialis, and Shigella sonnei, respective-
ly. The molecular studies suggested the prevalence of
blaTEM genes in all the four isolates and dhfr gene in
Escherichia coli and Sh. sonnei. Analogously, most of
the other Gram-negative bacteria were found to be
multidrug-resistant and the Gram-positive bacteria,
Staphylococcus spp. isolated from the water samples
were found to be methicillin and vancomycin-resistant
Staphylococcus aureus. This is probably the first study
elucidating the bacterial pollution and antibiotic sensi-
tivity profiling of fecal coliforms isolated from River
Cauvery, Karnataka, India.
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Introduction

Rivers have always been an important source of drink-
ing water, along which our ancient civilization
flourished, and most developmental activities still de-
pend on them (Gholami and Srikantaswamy 2009).
Cauvery is one of the major rivers of India and is
regarded as the “Ganga of South India.” The river
originates at Talacauvery, Coorg district, Karnataka,
India, and serves as the major source of water for the
southern states of Tamil Nadu, Kerala, and the Union
Territory of Puducherry draining an area of 81,155 sq.
km (Vanham et al. 2011). There are many urban centers,
industries, and hospitals that are situated along the banks
of River Cauvery. Moreover, Bangalore City of India is
located on the periphery of the river basin. The river is
the primary source for drinking water to the surrounding
urban and rural residents of Karnataka, India
(Venkatesha Raju et al. 2012). Recent reports from
State Pollution Control Boards of Karnataka and Tamil
Nadu, India (2010) have indicated significant level of
pollutants in the water of River Cauvery. In the recent
past, the biological oxygen demand (BOD) and heavy
metal contents in the riverine water bodies have in-
creased dramatically. The river, being a natural dumping
ground for the industries situated along the bank, dis-
charge of sewage from various industries, hospitals, and
pharmaceutical sectors to the water bodies lead to high
turbidity, reduced transparency, and increased
suspended solids and heavy metals. Such environments
might have a direct influence on the proliferation of
fecal coliforms which cause several health hazards
(Gazzaz et al. 2012; Umamaheswari and Saravanan
2009).

Over time, the river Cauvery has been subjected to
human interference on a regular basis, and its water
quality has significantly deteriorated (Selvaraj et al.
2015). Major anthropogenic activities such as agricul-
ture, extraction of water for drinking, domestic activi-
ties, discharge of sewage, sand dredging, boating, fish-
ing, open defecation, religious rituals, and many other
activities are posing a serious threat to the biota by
altering the physicochemical and biological properties
of the river system (Vignesh et al. 2013).

The enormous accumulation of domestic and indus-
trial wastes along with pesticide residues resulted in the
massive multiplication of various pathogenic microor-
ganisms in River Cauvery. This paves way for many
waterborne diseases (Sharma et al. 2012) such as

typhoid, diarrhea, cholera, dysentery, and gastroenteritis
(Moon et al. 2014). Recent reports have revealed that
many bacteria mutate and acquire genes responsible for
multiple drug resistance (MDR) to the present genera-
tion antibiotics and have emerged as “superbugs.” At
present, many fresh water ecosystems have turned into
reservoirs for antibiotic-resistant bacteria (Xu et al.
2014). Walsh et al. (2012) have reported the prevalence
of carbapenem-resistant Escherichia coli harbored
NDM-1 gene in drinking water samples from New
Delhi, India. The superbugs carrying various drug-
resistant genes in tap and spring waters in the coastal
region of Turkey (Ozgumus et al. 2007) and surface and
drinking waters in Mainz, Germany were also re-
ported (Schwartz et al. 2003). In addition, many
pathogenic bacteria and their drug-resistant genes to-
wards β-lactams, Amoxicillin/Ampicillin (blaTEM),
Streptomycin/Spectinomycin (aadA), Tetracycline
(tet), Chloramphenicol (cmlA), and Vancomycin (van)
from various aquatic ecosystem were also reported
(Thevenon et al. 2012). Similarly, Gao et al. (2012)
reported prevalence of sulfonamide-resistant genes in
various aquatic isolates in Tianjin, China, and Diwan
et al. (2012) reported occurrence of Cefotaxime and
Ciprofloxacin-resistant genes in hospital-associated
waste water isolates in Madhya Pradesh, India.

The bacteria have become multidrug-resistant by
natural or by acquired means. The natural resistance
(intrinsic resistance) is the ability to resist a particular
antimicrobial agent through its inherent structural or
functional characteristics. The acquired resistance is
caused either by mutation in chromosomal genes, or
by the acquisition of mobile genetic elements, such as
plasmids or transposons, carrying the antibiotic resis-
tance genes (Lupo et al. 2012). The resistance can be
transferred between bacteria by recombination via trans-
formation, conjugation, and transduction. Thus, gene
responsible for resistance to a single antibiotic may be
shared among different bacteria (Lupo et al. 2012).

Our previous study reported high occurrence of
multidrug-resistant fecal coliforms in the water samples
collected from a drinking water reservoir which receives
water from Vrishabhavathi River, a sub-tributary of the
river Cauvery (Skariyachan et al. 2013). Hence, there is
an urgent need to assess the physiochemical and bacte-
riological status of the parent river which acts as major
drinkingwater source for the urban and rural residents in
Karnataka, India. As the information available about
microbial flora present in River Cauvery is sparse and
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limited, it is important to analyze the microbial popula-
tions, especially with the prevalence of multidrug-
resistant bacteria such as fecal coliforms, fecal strepto-
cocci, and staphylococci. This is probably the first study
reporting on the physiochemical characteristics, fecal
microbial population, and predominance of multidrug
resistance in the water samples collected from Cauvery
River.

Methodology

Description of the study area

The area under study is River Cauvery which is one of
the largest rivers of India. The river flows between
75°27′ to 79°54′ east longitude and 10°9′ to 13°30′ north
latitude. This study was carried out at ten hotspots along
the banks of River Cauvery, covering about 210 km in
Karnataka through the districts of Coorg, Mysore, and
Mandya. The sampling spots for the study were
Talacauvery (12.38°N 75.52°E), Napokulu (12.18oN
75.41oE), Cauvery Nisargadhama (12.20oN 75.48oE),
Balmurikshetra (12.17oN 76.38oE), Ranganthittu
(12.25oN 76.39oE), Srirangapattana (12.25oN
76.41oE), Nanjanagudu (12.70oN 76.40oE),
Tirumakudal Narsipura (Kapila) (12.13oN 76.54oE),
Tirumakudal Narsipura (Cauvery; 12.13oN 76.54oE),
and Talakadu (13.44oN 75.22oE) as indicated by the
State pollution control board, Govt of Karnataka, India
on August 2010 (Fig. 1a). All these places are highly
populated and are tourist destinations of South India.
Moreover, many urban centers, temples, hospitals, and
large-scale industries are located in these areas. Most of
them discharge waste materials, such as ritual waste
from temples (places of worship), domestic, household
and hospital waste waters, and municipal and industrial
sewages, into the river in high magnitude, which has
turned into a cesspool of organic wastes (Fig. 1b).

Sample collection and transportation

The water samples were collected from the ten hot spots
as per the specific protocol mentioned by American
Public Health Association ( 2005). One bottle of the 2-
l water samples were collected at a depth of 1 m from the
surface per site per sampling in suitable sterile con-
tainers from the selected hotspots during January 2011,
December 2011, and June 2012. Similarly, 2 l of water

samples each from River Cauvery being supplied to
household drinking water, from water treatment plant,
and from local drinking water tank were collected and
used as control. The water samples were tightly sealed
using plastic stoppers under aseptic conditions. These
sampled bottles were transported to the laboratory in ice
boxes and stored at 4 °C. All the water samples were
processed within 12 h after collection.

Physiochemical characterization—estimation
of biological oxygen demand

The time, temperature, pH, and other physiological pa-
rameters during the time of sample collection were
recorded (Supplementary material, Table 1). Further,
the dissolved oxygen (DO) and BOD were estimated
byWinkler’s method (Shriwastav et al. 2010) for 5 days.

Isolation of bacteria and determination of total count

One-milliliter water sample from each of the sets
were serially diluted and plated to nutrient agar,
MacConkey’s agar, thiosulfate citrate bile salts sucrose
agar, Salmonella–Shigella agar, Hichrome MeResa
agar, selective Strep agar, bromothymol blue lactose
agar, milk agar with centrimide, mannitol salt agar,
xylose lysine deoxycholate agar, deoxycholate citrate
agar, and blood agar (Hi-Media, India) by standard plate
techniques (Geldreich et al. 1972). The plates were
incubated at 37 °C for 24 h. The experiment by nutrient
agar was replicated as three independent trials. The
morphological characteristics of each colony were ana-
lyzed, and the viable bacterial count (colony-forming
units (CFU) per milliliter) was enumerated by digital
colony counter (Labtronics, India).

Determination of fecal coliform count

The estimation of fecal coliform count was carried out
by most probable number (MPN) techniques
(Highsmith and Abshire 1975). The media used was
single and double strength lauryl sulfate tryptose broth
(Hi-Media, India) for presumptive test, brilliant green
bile broth for confirmed test, and eosin methylene blue
agar (Hi-Media, India) for completed test along with
comparative controls. The positive results were charac-
terized by acid and gas formation. The procedure was
replicated as three independent trails and the results
were compared with standard MPN table (Tillett 1987).
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Microbial characterization of isolated bacteria

The morphological characteristics of isolated bacteria
were studied by Gram staining (Beveridge 2001). The
motility of bacteria was determined by hanging drop
technique (Luna et al. 2005). The isolates were further
characterized by standard biochemical tests. The bio-
chemical tests performed were IMViC (Murray et al.
2007), catalase (MacFaddin 1980), urease (MacFaddin
1980), hydrogen sulfide production (Roser et al. 2005),
oxidase (Gordon and McLeod 1928), nitrate reduction
(Moreno-Vivián et al. 1999), coagulase (Sperber and
Tatini 1975), starch hydrolysis (Colonna et al. 1992),
triple sugar iron (Sulkin and Willett 1940), lysine decar-
boxylase (Falkow 1958), arginine decarboxylase
(Moeller 1955), and ornithine decarboxylase
(MacFaddin 2000).

Antibiotic susceptibility testing

The antibiotic sensitivity testing was performed on iso-
lated bacteria using Mueller–Hinton agar (Hi-Media,
India) by disk-diffusion method (Bauer et al. 1966).
The total numbers of antibiotics are 48 which included

in the families of cephalosporins and other β-lactams,
sulfonamides, quinolones/fluoroquinolone, macrolids,
and aminoglycosides. Mueller–Hinton agar plates were
aseptically inoculated with the test organism by lawn
culture technique and filter paper disks, impregnated
with a specific concentration of antibiotic, was placed
on the medium. The plates were incubated at 37 °C for
24 h. The procedure was performed as three indepen-
dents replicates, and the mean value of diameter of the
zone of inhibition was measured and compared with
standard (Clinical and Laboratory Standards Institute
2013) and their resistant, intermediate, and sensitive
patterns were recorded.

Statistical analysis

The BOD values and viable bacterial counts (CFU/ml)
observed in all the three samplings were tested for
statistical significance. The analysis of variance
(ANOVA) was performed at 0.01 significance level
to analyze the variations among ten sampling sites
(n=3; January 2011, December 2011, and June
2012) for BOD and CFU/ml. The ANOVA was

Fig. 1 a The map showing the course of Cauvery River and
selected hotspot for water sample collection. b The drastic water
pollution observed in various hotspots of River Cauvery during the

survey and sampling. A Napoklu, B Ranganathittu, C
Balmurikshetra,D Srirangapattana, ENanjanagud, F Tirumakudal
Narasipura
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performed using the “stats” module available in R
package (R Core Team 2013).

Molecular characterization of multidrug-resistant
bacteria and selected drug-resistant genes

The four major bacterial isolates that exhibited maxi-
mum drug resistances to most of the conventionally
used antibiotics were further selected for 16S rDNA
gene sequencing. The pure bacterial isolates were used
for molecular characterization which was carried out at
BioAxis DNA Research Centre Pvt. Ltd., Hyderabad,
India. The bacterial DNA was extracted from the pure
cultures of four selected isolates, and the 16S rDNA
genes were amplified using the primers 16SF AGAG
TTTGATCCTGGCTCAG and 16SR ACGGCTACCT
TGTTACGACTT. The amplified PCR product was sub-
jected to electrophoresis using agarose gel (1.8 %) in
TAE buffer and visualized by staining with ethidium
bromide. The forward and reverse DNA sequencing
reaction of PCR amplicon was carried out on ABI
3730xl Genetic Analyzer to obtain the sequence. The
final gene sequence obtained was further analyzed for
best homology search by Basic Local Alignment Search
Tool (BLAST; http://www.ncbi.nlm.nih.gov/BLAST).
Similarly, the resistance genes for β-lactam (blaTEM)
and Trimethoprim (dhfr) were selected based on the
antibiotic sensitivity results. The complete open-
reading frames along with promoter sequence of these
genes were amplified by PCR using the primers 5′-
GCTTACTATGCCATTAT-3′ and 5′-ATTATATTTTGT
ATTATCG-3′. The gene sequences were further obtain-
ed by sequencing (ABI 3730xl Genetic Analyzer). The
16S rDNA sequences of four MDR bacterial isolates,
gene sequences of blaTEM from four isolates, and dhfr
from two isolates were submitted to GenBank database
(http://www.ncbi.nlm.nih.gov/GenBank).

Results and discussion

Physiochemical analysis

The physiochemical parameters recorded at the time of
sample collection are given in supplementary materials
(Supplementary material, Table 1). The temperature and
pH were found to be ideal for the bacterial growth in
most of the sampling spots. The BOD was found to be
greater inmost of the sampling areas ranging from 1.1 to

2.8, 0.8–4.6, and 2.0–5.9 mg/L in January 2011,
December 2011, and June 2012, respectively, in com-
parison with the control water samples. The control
water samples showed the BOD values within the per-
missible limits. The samples collected from Talacauvery
(3.5–4.6 mg/L), Srirangapattana (2.0–2.2 mg/L),
Nanjanagud (2.1–3.2 mg/L), Tirumakudal Narasipura
(Cauvery; 2.4–5.9 mg/L), and Talkadu (2.7–3.9 mg/L)
showed increase in the BOD content at each time of
sample collection (Table 1). The statistical analysis in-
dicated that variations observed in the mean BOD
values at each time of the sample collections were found
to be significant (p≤0.01; Table 1). The BOD values
estimated during June 2012 was slightly higher than that
of the values obtained from other sampling time
(Table 1). This increase in the biological oxygen de-
mand was probably due to the sewage accumulated
from temples, tourists, organic and agricultural farms,
residents, hospitals, and municipal and industrial sectors
along the river basins during the month of March, April,
and May which was visible during the survey of this
study. These 3 months are the summer season in
Karnataka which are expected to contribute high loads
of waste materials from all these sectors compared to
other seasons. However, the waste garbage generated
during other three seasons is also contributing to high
level of pollutants. The mean BOD levels in most of the
water samples collected were exceeding the permissible
limits suggested by European Union for aquatic life
(Chapman 1996). The BOD values of polluted water
systems are estimated to be greater than 2 mg/L, and
such BOD values were observed in many places along
the banks of River Cauvery in this study. Such kind of
bulk liquid BOD concentration has direct influence over
the microbial community in the water bodies especially
the growth of coliforms (Downing and Nerenberg
2008).

Bacteriological analysis

The number of viable bacterial count (CFU/ml) estimat-
ed from most of the sampling sites were high when
compared with the quality of drinking water prescribed
by WHO (Aryal et al. 2012; Table 1). The viable bacte-
rial count estimated at different time points were found
to be 1.7×105 to 8.5×106 CFU/ml, 1.8×105 to 8.7×
106 CFU/ml, and 2.2×105 to 9.2×106 CFU/ml during
Januray 2011, December 2011, and June 2012, respec-
tively. The total bacterial count from the control water

Environ Monit Assess (2015) 187: 279 Page 5 of 13 279

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/GenBank


samples were found to be within the permissible range
as per American Public Health Association (2005).
Among the ten sampling areas studied, Talacauvery
(2.1×106 to 3.6×106 CFU/ml), Srirangapattana (8.5×
106 to 9.5×106 CFU/ml), Nanjanagud (8.1×106 to 8.4×
106 CFU/ml), Tirumakudal Narasipura (Cauvery; 3.1×
106 to 3.7×106 CFU/ml), and Talkadu (4.4×106 to 5.6×
106 CFU/ml) displayed the highest bacterial count. The
variations observed in the bacterial count during the
sampling replicates from ten different hot spots were
found to be significant (p≤0.01; Table 1). This study
suggests that the water samples collected from Talkadu
showed maximum bacterial count in comparison with
other sampling spots. It is clear that there was high
relation with flow gradient towards the total count as
Talkadu is at the lowest sampling point in the study. The
current study suggests that the bacterial counts in these

hot spots are increasing with respect to time. These
observations were made based on one time samplings
at three different time points. Hence, further studies for a
longer term need to be performed to conclude the rela-
tionship with increasing mode of bacterial count, BOD,
and time.

The bacterial count (CFU/ml) estimated in this study
was beyond the permissible limits described by WHO,
rendering the water as non-potable (Aryal et al. 2012).
The current study also estimated the most probable
number count which is the measure of the fecal coli-
forms limit (MPN/100ml). The MPN indices of most of
the water samples were found to be very high indicating
higher fecal contamination (Table 1). The fecal coliform
counts in the sampling spots were in the range of 79 to
>2,400 MPN/100 ml, 280 to >2,400 MPN/100 ml, and
1,600 to >2,400 MPN/100 ml during January 2011,

Table 1 Estimation of biochemical oxygen demand (BOD) and bacteriological analysis from the water samples collected from various hot
spots of River Cauvery in comparison with control water samples

Sample places BOD (mg/l) Total count (CFU/ml) Fecal coliforms (MPN/100 ml)

Jan 2011 Dec 2011 June 2012 Jan 2011 Dec 2011 June 2012 Jan 2011 Dec 2011 June 2012

Tala Cauvery 3.5 4.6 4.3 2.1×106 2.5×106 3.6×106 79 280 1,600

Napokulu 1.1 0.8 2.1 3.3×105 3.6×105 4.0×105 240 240 1,600

Cauvery Nisargadhama 1.3 1.6 2.6 1.7×105 1.8×105 2.2×105 >2,400 >2,400 >2,400

Balmurikshetra 1.6 1.8 2.7 3.0×105 4.4×105 4.8×105 >2,400 >2,400 >2,400

Ranganathittu 1.4 1.4 2.9 9.8×105 9.3×105 1.4×105 >2,400 >2,400 >2,400

Srirangapattana 2.1 2.2 2.0 8.5×106 8.7×106 9.2×106 >2,400 >2,400 >2,400

Nanjanagud 2.1 3.2 2.7 8.3×106 8.1×106 8.4×106 >2,400 >2,400 >2,400

T Narasipura (Kapila) 2.0 2.6 2.5 7.1×105 8.6×105 8.4×105 >2,400 >2,400 >2,400

T Narasipura (Cauvery) 2.8 2.4 5.9 3.1×106 3.3×106 3.7×106 >2,400 >2,400 >2,400

Talkadu 2.7 2.8 3.9 4.4×106 5.0×106 5.60×106 >2400 >2400 >2400

Control 1 (household
drinking water)

0 0 0 18 10 14 6 <3 6

Control 2 (water sample from
local drinking water tank)

0 0 0 13 14 17 <3 <3 6

Control 2 (water from water
treatment plant)

0 1 1 32 37 29 6 6 <3

The total bacterial count is estimated as colony-forming units (CFU) per milliliter. The fecal coli forms are determined by most probable
number (MPN) method, upper value of 95 % confidence limits have given the table. The experiments performed as triplicate and the mean
values are given the table. The variations in the mean values observed in BOD, CFU per milliliter, MPN/100 ml between three sampling
were found to be significant (p<0.01) by ANOVAa . a Table indicated that the Fcalculated (0.1572)<Fα=0.01 and df (4.90) for BOD and
Fcalculated (0.1769)>Fα=0.01 and df (4.20) for total count (CFU/ml), the variations observed in both the parameters in three sampling were
found to be significant at p<0.01
a Statistical analysis is performed only for the water samples collected from the ten hot spots of River Cauvery (not in the control).
Table indicated that the Fcalculated (0.1572)<Fα=0.01 and df (4.90) for BOD and Fcalculated (0.1769)>Fα=0.01 and df (4.20) for total count
(CFU/ml), the variations observed in both the parameters in the three samplings were found to be significant at p<0.01
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December 2011, and June 2012, respectively. The MPN
count of the control water samples found to be in the
permissible limit (~8 MPN/100 ml) as per American
Public Health Association ( 2005). The BOD level in
the water samples collected from Talacauvery, though
high, showed less number of fecal coli forms during
January 2011 and December 2011 when compared with
other sampling spots. This is probably due to the low
temperature (18–20 °C) and pH (5.8–6.0) observed at
the time of water collection from Talacauvery during the
months of January and December 2011. It is assumed
that the coliform counts obtained from Talacauvery
during June 2012 was considerably high due to the
variation in temperature and pH. During June 2012,
the temperature (26 °C) and pH (6.1) of the water
samples were found to be high compared with January
and December 2011. Thus, one of the main parameters
required for proliferations of fecal coliforms is the fa-
vorable conditions in water environment, especially the
temperature and pH (Ramírez Castillo et al. 2013). The
total and fecal coliform counts are one of the main
parameters for assessing the quality of drinking water
(Kolawole et al. 2011). The consumptions of such pol-
luted water may lead to hazardous outbreaks of various
waterborne diseases (Bessong et al. 2009).

This study further focused on the isolation and char-
acterization of the bacteria present in the collected water
samples by standard microbiology procedures. The cul-
tural and other physiological characteristics were stud-
ied and most of the bacteria isolated were found to be
coliforms (Gram-negative, aerobic, or facultative
anaerobic bacilli) which imply the presence of enteric
pathogens. This study also identified the presence of
fecal bacteria in majority of the water samples. There
are reports on the existence of suchmorphologically and
physiologically related pathogenic bacteria in water
samples collected from South Africa (Hysko et al.
2010) and other parts of the world (Catry et al. 2014).
The bacteria isolated from various hotspots were further
characterized based on Bergy’s Manual of Systematic
Bacteriology (Supplementary materials, Table 2). The
current study identified a total of 848 isolates from 30
water samples collected from the selected hotspot
of Cauvery River in three different time points,
among which 33.37 % (n=283) were found to be
E. coli, 20.51 % (n=174) were Shigella spp., 13.44 %
(n=114) were Enterobacter spp., and 12.85 % (n=109)
were found to be Pseudomonas spp. (Fig. 2). In addi-
tion, this study also identified lower percentages of

Salmonella spp. (4.71 %, n=40), Citrobacter spp.
(1.27 %, n=11), Yokanella spp. (1.43 %, n=12) and
Proteus spp. (1.11 %, n=9), Edwersiella spp. (0.81 %,
n=7), Morganella spp. (1.05 %, n=9) and Klebsiella
spp. (1.08 %, n=9), Alcaligenes spp. (0.73 %, n=6),
Vibrio spp. (0.80 %, n=7), Serratia spp. (0.47 %, n=5),
Staphylococcus spp. (4.95 %, n=42), and Streptococcus
spp. (1.29 %, n=11; Fig. 2). Occurrences of such mi-
croorganisms in many fresh water ecosystems create
critical problems worldwide; and most of them lead to
severe gastrointestinal diseases (Bessong et al. 2009;
Hysko et al. 2010; Kolawole et al. 2011).

Antibiotic sensitivity testing

The present study demonstrated that 93.51 % (n=793)
of the bacterial isolates out of 848 were found to be
multidrug resistance to most of the current generation
antibiotics (Fig. 2). The study revealed that all the four
main isolates were found to be drug resistant to at least
30 different antibiotics out of 48. Out of 283 E. coli
isolates, 96.46 % (n=273) of E. coli were found to be
fully resistant to 30 antibiotics in which most of them
were expected to be acquired resistance. Similarly, out
of 114 Enterobacter isolates, 93.85 % (n=107) of
Enterobacter spp. were showed full resistance to 32
antibiotics. Analogously, out of 109 Pseudomonas iso-
lates, 94.49 % (n=103) of Pseudomonas spp. were
found to be fully resistant to 40 antibiotics. Similarly,
out of 174 Shigella isolates, 90.22 % (n=157) of
Shigella spp. were illustrated full resistance to 37 anti-
biotics (Fig. 3). From the antibiotic sensitivity testing, it
is clear that isolates, such as E. coli, Enterobacter spp.,
Pseudomonas spp., and Shigella spp., have acquired
drug resistance to most of the carbapenam groups which
includes Faropenem, Doripenem, Imipenem,
Meropenem, and Ertapenem (Fig. 3). These antibiotics
are regarded as the strongest β-lactams and last line
drugs currently available against these Gram-negative
enteric pathogens.

The current study also demonstrated that most of the
minor isolates were also found to be resistant to β-
lactams, third and fourth generation cephalosporins,
aminoglycosides, macrolides, and nitrofurans.
From this study, it is clear that the isolates of
Salmonella spp. (n=35), Cirobacter spp. (n=7),
Proteus spp. (n=9) and Klebsiella spp. (n=9)
showed resistance to 29, 40, 19, and 26 antibi-
otics, respectively (Fig. 4). Similarly, the isolates
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of Morganella spp. (n=9), Yokenella spp. (n=9),
Edwersiella spp. (n=6), and Serratia spp. (n=5)
showed resistance to 24, 13, 16, and 27 antibi-
otics, respectively (Fig. 5). Furthermore, the iso-
lates of Alcaligenes spp. (n=6), Vibrio spp. (n=7),
Staphylococcus aureus (n=42), and Streptococcus
spp. (n=9) showed resistance to 21, 12, 24, and

20 antibiotics, respectively (Fig. 6). An important
finding of this study is that although some intrin-
sic resistances were common among the isolates, most
of the isolates emerged as multidrug-resistant strains
probably by horizontal transfer. Furthermore, the pre-
liminary antimicrobial testing showed that all the iso-
lates of S. aureus were found to be resistant to both

Fig. 2 The total percentage of each bacterial isolates from River
Cauvery and their percentage of antibiotics resistance patterns
during the sample collection (2011–2012). The figure clearly
shows that most of the bacterial isolates are emerged as multi-
drug-resistant strains. Among the total 848 isolates of bacteria,
32.19 % (n=273) of E. coli, 12.61 % (n=157) of Shigella spp.,
12.61 % (n=107) of Enterobacter spp., 12.14 % (n=103) of
Psuedomonas spp., 4.12 % (n=35) of Salmonella spp., 0.82 %
(n=7) Citrobacter spp., 1.06 % (n=9) of Yokanella spp., 1.11 %
(n=9) of Proteus spp., 0.70 % (n=6) of Edwersiella spp., 1.05 %

(n=9) of Morganella spp., 1.08 % (n=9) of Klebsiella spp.,
0.73 % (n=6) of Alcaligenes spp., 0.60 % (n=7) of Vibrio spp.,
0.35% (n=5)% of Serratia spp, 4.95% (n=42) of Staphylococcus
areus, and 1.06 % (n=9) of Streptococcus spp. showed multiple
drug resistance to most of the tested antibiotics. All the isolates of
Proteus spp., Morganella spp., Klebsiella spp., Alcaligenes spp.,
Vibrio, and Staphylococcus spp. (especially against vancomycin
and methicillin) showed multidrug resistance to majority of the
tested antibiotics

Fig. 3 The antimicrobial resistance patterns of four major bacteria
(Escherichia coli, Enterobacter spp., Psuedomonas spp. and Shi-
gella spp.) isolated from various hotspots of River Cauvery during
2011–2012 by disc diffusion method. The assay was performed as
three independent replicates, and the mean value of the diameter of

the zone of inhibition was compared with standard chart (CLSI
2013). Figure shows that 96.46% (n=273) ofE. coli, 93.85% (n=
107) of Enterobacter spp., 94.49 % (n=103) of Psuedomonas
spp., and 90.22 % (n=157) of Shigella spp. were fully resistant
to various antibiotics that emerged as superbugs
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methicillin and vancomycin (Fig. 6). To the best of our
knowledge, this is probably the first study showing the
occurrence of methicillin and vancomycin-resistant
S. aureus (MRSA and VRSA) in River Cauvery.
However, further molecular analysis is essential to con-
firm the presence of drug-resistant genes in these iso-
lates. The presence of MRSA and VRSA is very often
found in clinical samples (Catry et al. 2014); however,
their persistence in many fresh and marine water eco-
systems were recently reported (Plano et al. 2013).

The E. coli isolates which illustrated extensive drug
resistance to broad-spectrum β-lactams, resistance to
third and fourth generation antibiotics were further

characterized by 16S rDNA sequencing. The BLAST
search revealed that the 16S rDNA gene sequence of the
isolate was 99 % identical to E. coli which belongs to a
pathogenic serovar type, Enterohemorrhagic O157: H7.
(GenBank Accession NR_074891). This strain causes
severe, acute hemorrhagic diarrhea, and abdominal
cramps (Karch et al. 2005). Hence, there may be a
possibility that the strain also belongs to the same
serovar type. Similarly, the other three isolates which
showed extensive resistances towards present genera-
tion antibiotics were also characterized. The16S rDNA
gene sequences of two isolates showed 100% identity to
Shigella sonnei (Accession NR_074894) and

Fig. 4 The antimicrobial resistance patterns of the minor bacterial
isolates (Salmonella spp., Citrobacter spp., Proteus spp., and Kleb-
siella spp.) obtained from various hotspots of River Cauvery during
2011–2012. The assay was performed as three independent repli-
cates, and the mean value of the diameter of the zone of inhibition

was compared with standard chart (CLSI, 2013). Figure shows that
the isolates of Salmonella spp. (n=35), Cirobacter spp. (n=7),
Proteus spp. (n=9), and Klebsiella spp. (n=9) showed resistance
to 29, 40, 19, and 26 antibiotics, respectively, in which most of
them are expected to be acquired resistance

Fig. 5 The antimicrobial resistance patterns of the minor bacterial
isolates (Morganella spp., Yokenella spp., Edwersiella spp., and
Serratia spp.) obtained from various hotspots of River Cauvery
during 2011–2012. The assay was performed as three independent
replicates, and the mean value of the diameter of the zone of

inhibition was compared with standard chart (CLSI, 2013).
Figure shows that the isolates ofMorganella spp. (n=9), Yokenella
spp. (n=9), Edwersiella spp. (n=6), and Serratia spp. (n=5)
showed resistance to 24, 13, 16, and 27 antibiotics, respectively,
in which most of them are expected to be acquired resistance
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Pseudomonas trivialis (Accession NR_028987) and
99 % identity to Enterobacter cloacae (Accession
NR_028912).

Recent reports have revealed that many pathogenic
E. coli can survive in soil environment which resulted in
the contamination of fresh water system in East China
(Wang et al. 2014). Studies from California and
Arizona, USA showed the ecological habitat and persis-
tence of Enterohemorrhagic E. coli in leafy green pro-
ducing soil (Ma et al. 2012). The major portion of the
Cauvery river covers leafy green producing soils which
could be one of the reasons for predominance of these
bacteria in the banks of the River. Recently it was
reported that E. coli isolated from selected surface water
sources in Zaria, Nigeria was found to be multidrug-
resistant to most of the β-lactams, fourth generation
cephalosporins and fluoroquinolones The antimicrobial
resistance, virulent factors and genetic diversity of dif-
ferent isolates of E. coli from household water supply in
Dhaka, Bangladesh (Talukdar et al. 2013) and San
Pedro River, Mexico were also reported (Ramírez
Castillo et al. 2013). The current study revealed that
most of the Shigella spp., isolated from River Cauvery
has become extremely resistant to even fourth genera-
tion cephalosporins and aminoglycosides. Similar types
of extended spectrum of β-lactamase mediated third
generation cephalosporin resistance were reported in
Southern Vietnam (Vinh et al. 2009), Bangladesh
(Rahman et al. 2004), Israel (Vasilev et al. 2007), Iran
(Tajbakhsh et al. 2012) and Spain (Arias et al. 2006).
This study also showed that river Cauvery harbors high
prevalence of P. trivialis, a phytopathogen commonly
present in the phyllosphere of grasses. The banks of the
river are mainly covered with vegetations, especially

green grasses which may be one of the reasons for such
high density of P. trivialis. The current study thus pro-
vides an insight into the antimicrobial susceptibility
pattern of this organism as there are limited reports
about MDR P. trivialis. The emergence of MDR En.
cloacae against carbapenem and related antibiotics are
considered as major public health concern in Spain
(Fernández et al. 2011) and Northern Iran (Bayani
et al. 2013). This study also emphasizes the massive
occurrence of MDR En. cloacae in River Cauvery
which can become a critical health issue in India in the
near future.

The present study also addresses the identification of
one of the β-lactam resistant genes (blaTEM) and trimeth-
oprim resistant genes (dhfr) from these isolates based on
their antibiotic sensitivity patterns. The genes were se-
quenced and are deposited in NCBI GenBank. This
study identified blaTEM gene (540 bp) coding for β-
lactamase from E. coli (accession no. KF225562), Sh.
sonnei (accession no. KF225561), En. cloacae (acces-
sion no. KF225564), and P. trivialis (accession no.
KF225563). Similarly, this study also identified the
presence of dhfr gene (564 bp), gene responsible for
trimethoprim resistance, from E. coli (accession no.
KF225560) and Sh. sonnei (accession no. KF225559).

The massive discharges of sewage from pharmaceu-
tical industries, chemical and electroplating industries,
animal farm houses, hospitals, and temples have drasti-
cally polluted the river and contributed to the high con-
tent of organic matters in the water leading to the change
in the physiochemical status of water and in turn favored
the growth of coliforms (Supplementary material,
Table 1). The aquatic ecosystems such as rivers and
streams are ideal reservoirs for antibiotic resistant

Fig. 6 The antimicrobial resistance patterns of the minor bacterial
isolates (Alcaligenes spp., Vibrio spp., Staphylococcus aureus, and
Streptococcus spp.) obtained from various hotspots of River Cau-
very during 2011–2012. The assay was performed as three inde-
pendent replicates, and themean value of the diameter of the zone of

inhibition was compared with the standard chart (CLSI, 2013).
Figure shows that the isolates of Alcaligenes spp. (n=6), Vibrio
spp. (n=7), Staphylococcus aureus (n=42), and Streptococcus spp.
(n=9) showed resistance to 21, 12, 24, and 20 antibiotics, respec-
tively, in which most of them are expected to be acquired resistance
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bacteria (Ramírez Castillo et al. 2013). The misuse and
overuse of antibiotics contribute to the selection and
persistence of antibiotic resistant bacteria (Amábile-
Cuevas 2010). The acquisition of resistance genes in
the bacteria by various methods minimize therapeutic
options and lead to frequent treatment failures. The
prevention and control of MDRs have become a global
priority and one that requires all healthcare facilities and
agencies to assume responsibilities. By considering the
entire medical, social, economical, and environmental
relevance, there is a necessity to understand the antimi-
crobial resistance profile and undertake all precautionary
measures to maintain the natural status of river Cauvery.

Conclusion

The course of River Cauvery is deteriorating due to the
disposal of sewage from pharmaceutical industries,
chemical and electroplating industries, animal farm
houses, agricultural sectors, hospitals, and temples.
The physiochemical environment of the river has be-
come an ideal ground for the rapid multiplication of
many gastrointestinal pathogens. The results showed
that DO, BOD, total bacterial count, and fecal coliform
count have exceeded permissible limits. The antibiotic
sensitivity profiling indicated that most of the isolates
have acquired multidrug resistance against present gen-
eration antibiotics and emerged as superbugs. This study
also emphasizes the importance of environmental stud-
ies for understanding the spread, evolution, and public
health relevance of antibiotic resistance factors. The
current study shows that the predominance of many
multidrug-resistant bacteria is apparent in River
Cauvery. This study clearly reveals that the prevention
and control of MDRs is a global priority and addresses
this issue and undertakes all necessary actions to pre-
serve the natural status of the river. However, more
sampling procedures for longer terms, in different sea-
sons, are required to confirm the prevalence of various
MDR genes in the bacterial population of the river.
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