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The rise in antibiotic-resistant bacteria and contamination of water bodies is a serious issue that demands
immense attention of scientific acumen. Here, we examined the pervasiveness of ESBL producing bacteria
in Dal Lake and Wular Lake of Kashmir valley, India. Isolates were screened for antibiotic, heavy metal
resistant elements, and their coexistence with mobile genetic elements. Out of two hundred one isolates
screened, thirty-eight were found positive for ESBL production. Antibiotic profiling of ESBL positive iso-
lates with 16 different drugs representing b-lactam or -non-b-lactam, exhibited multidrug resistance
phenotype among 55% isolates. Molecular characterization revealed the occurrence of drug resistance
determinants blaTEM, AmpC, qnrS, and heavy metal resistance genes (MRGs) merB, merP, merT, silE, silP,
silS, and arsC. Furthermore, mobile genetic elements IntI, SulI, ISecp1, TN3, TN21 were also detected.
Conjugation assay confirmed the transfer of different ARGs, HMRGs, and mobile elements in recipient
Escherichia coli J53 AZR strain. Plasmid incompatibility studies showed blaTEM to be associated with
Inc groups B/O, HI1, HI2, I1, N, FIA, and FIB. Co-occurrence of blaTEM, HMRGs, and mobile elements from
the aquatic milieu of Kashmir, India has not been reported so far. From this study, the detection of the
blaTEM gene in the bacteria Bacillus simplex and Brevibacterium frigoritolerans are found for the first time.
Considering all the facts it becomes crucial to conduct studies in natural aquatic environments that could
help depict the epidemiological situations in which the resistance mechanism might have clinical
relevance.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Infections due to drug-resistant bacteria are of serious concern
worldwide. Every year more than 700,000 deaths occur globally,
because of such deadly infections. Moreover, it was estimated that
by the year 2050 the worldwide resistance would lead to 10 mil-
lion deaths per year which is higher than the mortality rate of can-
cer (O’Neill, 2016). In India mortality rate caused by infectious
diseases is about 416.75 per 100,000 persons (Laxminarayan and
Chaudhury, 2016). Due to constant anthropogenic interference,
the aquatic environment is considered as a pool of antibiotic resis-
tance genes (ARGs) as these water bodies receive effluents from
domestic, hospital sewage and from agricultural runoffs which
act as the reservoirs of antibiotic resistance. Therefore, the pres-
ence of bacterial population, antibiotics, and nutrients from sew-
age furnish a selective pressure for the evolution of resistance in
the aquatic environment (Parvez and Khan, 2018). Due to un-
wise and frequent usage of antibiotics, community-acquired and
nosocomial infections by Extended-Spectrum b Lactamases (ESBLs)
producing bacteria are at the rise, known to grant resistance
towards all available b-lactam antibiotics (Singh et al., 2018).

With the high consumption of antibiotics in India, the propor-
tion of ESBL producing bacteria in the clinical and aquatic environ-
ment is uprising (Siddiqui et al., 2018). According to a scoping
report on antimicrobial resistance (2017), published by the Depart-
ment of Biotechnology, India, only 4% of publications were from
environmental samples. There is paucity in the information avail-
able regarding epidemiology and the advent of resistance in
response to b-lactams exposure of clinically relevant dosage regi-
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mens of cephalosporins and carbapenems (Gandra et al., 2017).
Combating infections by antibiotics is an endless race due to bac-
terial acquisition of resistance genes from diverse environments.
Unabated use of antibiotics causes environment contamination
that promotes the prevalence and dissemination of antimicrobial
resistance (Sultan et al., 2018).

Natural water bodies of Kashmir valley are, known for their aes-
thetic, cultural, and socio-economic values which are constantly
deteriorating due to anthropogenic disturbance. Unabated dis-
charge of waste from domestic, hospital, and agricultural sources
into lakes has adversely affected the water quality. With no base-
line data available on the resistance profile of bacterial inhabitants
from pristine lakes, active surveillance and epidemiological studies
are imperative. Identification of predominant factors involved in
the emergence and mobilization of resistance determinants are
of critical concern. Dal Lake and Wular Lake plays a dynamic role
in the conservation of biodiversity. Wular Lake is counted as Asia’s
largest freshwater Lake. Acknowledging the significance of the
wetland for its biodiversity and socio-economic values; it was
identified as a Wetland of international importance under the
Ramsar Convention in 1990. Dal Lake is famous globally for tour-
ism and its houseboats. Nevertheless, these lakes have deteriorated
due to ecological stress from human activities (Saleem et al., 2011;
Sheikh et al., 2014; Romshoo et al., 2011; Romshoo and Rashid,
2014), that has turned these water bodies into the reservoirs of
antibiotic and heavy metal resistant bacteria (Kumar et al., 2013;
Tacao et al., 2012; Sanderson et al., 2016; Lenart-Boron 2017).
Moreover, the dissemination of antibiotic resistance genes from
antibiotic-resistant to susceptible bacterial strain may lead to the
emergence of a new population of antibiotic-resistant bacteria
(Parvez and Khan, 2018). The current study was undertaken to
investigate the dominance of ESBL producing bacteria in Dal Lake
&Wular Lake of Kashmir valley, India. ESBL producing bacteria
were further screened for the presence of different antibiotic resis-
tance genes blaTEM, AmpC, qnrS, and heavy metal resistance deter-
minants merB, merP, merT, silE, silP, silS and arsC along with mobile
genetic elements IntI, SulI, ISecp1, TN3, and TN21. Studies on the
transfer of ARGs and HMGs through conjugation have also been
carried out.
2. Material and methodology

2.1. Sampling and isolation of bacteria

During 2015 and 2016, 16 different sites spread across Dal Lake
and Wular Lake of Kashmir valley, India, was selected for the sam-
ple collection (Fig. 4). The collection of water samples was done
aseptically 100 m away from major sewage discharge points, pH
and temperature was checked on the spot. Further, collected sam-
ples were subjected to serial dilution, followed by bacteria count
using the plate count method on Luria Agar. The visible colonies
were carefully taken for re-culture and plated for ESBL activity.
2.2. Screening of bacterial isolates for ESBL production

All the isolated bacteria were tested primarily for ESBL produc-
tion using a preliminary test (disc diffusion) and as per clinical and
laboratory standards institute (CLSI, 2016), for third-generation
cephalosporins such as cefotaxime, ceftazidime, and ceftriaxone.
Moreover, all positive isolates were further tested for confirmation
by using a phenotypic disk confirmatory test (CLSI, 2016). For this
test antibiotic disc of cefotaxime, and ceftazidime were used alone
and along with clavulanic acid. The results for these tests were pre-
dicted following CLSI guidelines, 2016 (Siddiqui et al., 2018). For
ESBL confirmation, K. pneumoniae was chosen as positive control
and E. coli as a negative control.

2.3. Antimicrobial susceptibility profile

For antimicrobial susceptibility, we selected sixteen antibiotics
from ten different classes (Siddiqui et al., 2018). Multidrug-
resistant (MDR) isolates were chosen based on their resistance
against three or more than three classes of antibiotics
(Magiorakos et al., 2011). Similarly, the multiple antibiotic resis-
tance (MAR) index of selected sample sites was determined as pre-
viously described (Krumperman 1983). Besides, minimum
inhibitory concentration (MIC) of seven antibiotics was deter-
mined against ESBL positive isolates using 96-well microtitre
plates by the microdilution process approved by CLSI. The optical
density was noted down at 600 nm using a microplate reader
(Azam et al., 2016).

2.4. Isolation and amplification of DNA

The genomic DNA isolation was carried out using Phenol: Chlo-
roform: Isoamyl alcohol method. The plasmid DNA extraction was
done using the alkaline lysis method, followed by PCR amplifica-
tion by the method as described by Siddiqui et al. (2018). Using
gene-specific primers (Table 4), the amplified products were veri-
fied by running on agarose gel (1%). Each PCR product of a partic-
ular gene was compared with a DNA marker.

2.5. Characterization of ESBL genes and Identification of bacterial
isolates

ESBL phenotype isolates were screened for blaTEM gene with
the help of specific primer sets at SciGenome Lab, Cochin. Similarly,
the sequences were analyzed and compared to the sequences in
GenBank for the characterization of a particular variant present.

Isolates with blaTEM genotype were sent for 16S rRNA gene
sequencing (SciGenome Lab, Cochin). The primers used are listed
in Table 4. The sequences received were analyzed using the BLAST
algorithm.

2.6. Detection of plasmid-mediated quinolone resistance and AmpC
genes

The positive isolates of ESBL (blaTEM) production were analyzed
for qnrA, qnrB, and qnrS followed by AmpC promoter using a speci-
fic set of primers.

2.7. Detection of metal resistance determinants

The co-existence of blaTEM positive isolates were checked for
metal resistance determinants using specific primers of variant
genes and plasmid DNA template. Further, silE, silP, and silS genes
for silver resistance were subjected to amplification by the follow-
ing method of Percival et al. (2008). The amplified products were
tested for the possible amalgamations of ESBLs (blaTEM) and sil
genes besides the determinants merB, merP, and merT genes, that
confer the resistance against mercury. Arsenic resistant (arsC) gene
was also amplified using the primer sequence from previously
available literature (Sunita et al., 2012).

2.8. Determination of heavy metal tolerance

All the isolates harboring silver, mercury, and arsenic resistance
determinants were subjected to the determination of correspond-
ing heavy metal tolerance. MIC was observed by performing broth
micro-dilution assay for silver nitrate (AgNO3), mercuric chloride



Fig. 1. Antimicrobial susceptibility profile of 11 blaTEM positive isolates against
sixteen different antibiotics.
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(HgCl2), and sodium arsenate (Na3AsO4). For determination of min-
imum inhibitory concentrations, serial dilutions (256–2 mg/L) of
heavy metals were prepared in 96 well microtitre plates containing
200 ml of Luria broth, (LB, HIMedia) and O.D. was accustomed to 0.5
McFarland.

2.9. Characterization and genetic environment analysis of blaTEM

Isolates having blaTEMwere checked for integron analysis using
PCR amplification of a conserved segment (CS 30/50) along with IntI,
Sul1 using published primers (Galimand et al., 2003, M73819,
U12338) and simultaneously (insertion sequence, transposons)
ISecp1, TN3, and TN21 (Mood et al., 2015; Sheikh et al., 2014;
Brownet al., 1985)were also analyzedusing a specific set of primers.

2.10. Plasmid conjugation and replicon typing

Selected isolates and azide resistant Escherichia coli J53 strain
were subjected to conjugation, to identify the resistant markers
of a plasmid (Walsh et al., 2011). Transconjugants of the strains
were further screened on Luria-Bertani agar added with cefo-
taxime (10 lg/ml) and sodium azide (100 lg/ml). The transconju-
gant carrying resistant markers, mobile elements, gene cassettes,
heavy metals were inveterated by PCR amplification.

The presence of different plasmid incompatibility (Inc) groups
was established by PCR based replicon typing (PBRT) for all the bla-
TEM carrying isolates. Transconjugants were also checked for the
same (Carattoli et al., 2006). In brief, plasmid DNA was obtained
by an alkaline lysis method followed by PCR amplification using
different primers.

2.11. Nucleotide sequences accession numbers

A total of eleven partial 16S rRNA gene sequences and eleven
blaTEM gene sequences were deposited in GenBank with following
accession numbers, MH271258, MH271259, MH271273,
MH271289, MH271261, MH271280, MH271260, MH271282,
MH271283, MH271279, MH271287, TEM-116: MH742418.1,
MH742419.1, MH742420.1, MH742421.1, MH742422.1,
MH742423.1, MH742424.1, MH742425.1, TEM-1: MH742415.1,
MH742416.1, MH742417.1.

3. Results

3.1. Isolation and screening of ESBL producing bacteria

A total of two hundred and one bacteria were isolated from dif-
ferent samples collected from sixteen diverse sampling sites of
Wular Lake & Dal Lakes of Kashmir valley. Thirty-eight isolates
turned positive for ESBL production was confirmed by phenotypic
disc confirmatory tests. Notably, from thirty-eight ESBL producers,
11 isolates turned to carry blaTEM.

3.2. Antibiotic susceptibility profile of ESBL(blaTEM)producing isolates

Fig. 1 depicts the antimicrobial susceptibility pattern of 11 bla-
TEM positive isolates against sixteen antibiotics. A vast number of
bacteria strains were found resistant to b-lactams except for tetra-
cycline, imipenem, and chloramphenicol. The maximum resistance
was perceived for cefazolin (63%) followed by colistin (54%). Resis-
tance to cefoxitin, rifampicin, ampicillin, ertapenem, piperacillin/-
tazobactam, ciprofloxacin, levofloxacin, polymixin B, amikacin
and trimethoprim was observed as 45, 45, 27, 18, 18, 18, 18, 18,
9 and 9% respectively. Besides, 55% of ESBL positive strains showed
MAR index greater than 0.2. Out of eleven ESBL (blaTEM) carrying
isolates, seven strains depicted 0.2 to 0.62 MAR index. The MAR
index of different isolates was found to be AN4 (0.43), AN5
(0.25), BS4 (0), WR7 (0.32), AN10 (0.62), MDY3 (0.68), AN9
(0.18), WG4 (0.25) WG7 (0.18), JN2 (0.5) and WR1 (0.18). We have
obtained a value >0.2 for all the isolates except 3 isolates BS4, AN9,
and WR1 (Fig. 2). Table 1 shows the MIC of ESBL positive isolates
depicting the TEM genotype.

3.3. Molecular characterization of ESBL isolates

The isolated strains rendering the blaTEM gene were character-
ized by 16S rRNA gene sequencing. The identified bacteria are
Acinetobacter sp. (4), E. coli (2), Pseudomonas sp. (1), Shigella sp.
(1), Aeromonas sp. (1), Brevibacterium frigoritolerans (1) and Bacillus
simplex (1).

3.4. Identification of antibiotic resistance genes

PCR amplification, and the sequencing inveterate that out of
thirty-eight isolates, eleven harbored blaTEM (three blaTEM-1 and
eight blaTEM-116). These sequences were submitted to GenBank.
Further, AmpC was detected in ten isolates including Acinetobacter
sp. (Four), E. coli (two), Pseudomonas sp. (one), Shigella sp. (one),
Aeromonas sp. (one) and Brevibacterium frigoritolerans (one). Fur-
ther, qnrS was detected in seven isolates including, Acinetobacter
sp. (four), Pseudomonas sp., (one) Aeromonas sp. (one), and Bre-
vibacterium frigoritolerans (one) as shown in Table 2. Nevertheless,
blaSHV, qnrA, and qnrB did not amplify in any isolate. However, the
conjugation experiment reinforced the presence of resistant deter-
minants on the plasmid.

3.5. Metal resistance determinants

The eleven isolates harboring blaTEM genes were also screened
for silver (sil), mercury (mer), and arsenic (ars) resistant determi-
nants. The PCR amplification was accomplished for mer, sil, and
ars, the genes for these metals were found in eight, nine, and four
isolates, respectively (Fig. 3). Of the 11 isolates tested, it was found
that two isolates of Acinetobacter sp. (AN4, BS4) were negative for
all the silver genes tested viz. silE, silP, and silS, however, all the



Fig. 2. Multilpe antibiotic resistance (MAR) index values of bacterial isolates tested against sixteen different antibiotics reaging 0–0.68.

Table 1
MIC values for blaTEM producing bacteria isolated from Kashmir Valley, India.

Isolates MIC value

CAZ (lg/ml) CTX (mg/ml) CIP (mg/ml) C (mg/ml) TR (mg/ml) AMP (mg/ml) CL (mg/ml) AgNO3 (mg/l) Na3ASO4 (mg/l) HgCl2 (mg/l)

AN9 <2 <2 <2 <2 <2 8 <2 8 64 16
AN5 <2 <2 <2 <2 16 <2 <2 8 32 2
BS4 <2 <2 <2 <2 <2 64 <2 8 128 16
WR7 128 256 <2 8 256 8 8 16 16 8
AN10 256 256 <2 4 >256 256 8 4 64 64
MDY3 >256 256 256 16 32 >256 16 8 256 16
AN9 32 <2 <2 4 <2 32 >256 8 256 8
WG4 256 32 <2 <2 <2 16 256 2 128 2
WG7 256 64 <2 8 <2 <2 >256 2 256 16
JN2 >256 256 32 16 256 8 4 16 128 16
WR1 8 128 4 8 16 4 >256 8 64 8

The antibiotics used for Minimum Inhibitory Concentration (MIC) determination were ceftazidime (CAZ), cefotaxime (CTX), ciprofloxacin (CIP), chloramphenicol (C),
trimethoprim (TR), ampicillin (AMP) and colistin (CL) for heavy metals silver nitrate (AgNO3), mercuric chloride (HgCl2) and sodium arsenate (Na3AsO4) was used. Reference
values as per Clinical laboratory Standard Institute (CLSI) guidelines for MIC determination of resistance, intermediate and sensitive phenotype are mentioned CAZ: �16, 8,
�4, CTX: �4, 2, �1, CIP: �4, 2, �1, C: �32, 18, �8, TR: �16, �8, �8, AMP: �32, 16, �8, CL: �2, 2, �1. Reference values for the permissible limits of heavy metals in water were
adapted from the available literature for Arsenic (As): 0.02 mg/L, Mercury (Hg): 0.01 mg/L Adopted from Singh, et al. 2011 (Indian Journal of Pharmacology) and for Silver
(Ag): 0.1 mg/L Adopted from Alan B. G. Lansdown 2010 (Advances in Pharmacological Sciences).

Table 2
Genetic profile of bacterial isolates obtained from Dal and Wular Lake, India.

Strain name I.
ARGs

II.
Silver
(HMRG)

III.
Arsenic (HMRG)

IV.
Mercury
(HMRG)

V.
Integron (MGE)

VI.
Insertion seq (MGE)

VII.
Transposon
(MGE)

E P S B P T CS IntI SuLI (ISecp1) TN3 TN21

Acinetobacter sp. AN4 blaTEM,qnrS, AmpC – – – – – – – – – – – – +
Acinetobacter sp. AN5 blaTEM,qnrS, AmpC – + – – + + + + + + + – –
Acinetobacter sp. BS4 blaTEM,qnrS, AmpC – – – – – – – + + + – – +
Acinetobacter sp. WR7 blaTEM,qnrS, AmpC – + – + – + – + + + – + +
E.coli AN10 blaTEM,AmpC + + + + + + + + + – + + +
E.coliMDY3 blaTEM,AmpC + + – – + + + – – – + – –
Pseudomonas sp. AN9 blaTEM,qnrS, AmpC + – – + + + + + + + + + +
Shigella sp. WG4 blaTEM,AmpC + + – – + + + + – – – + –
Aeromonas sp. WG7 blaTEM,qnrS, AmpC + – – + + + + + + + + + +
Bacillus simplex JN2 blaTEM – + – – – – – + + + + – –
BrevibacteriumfrigoritoleransWR1 blaTEM,qnrS, AmpC + + + – + + + + + + – – +

(+) sign indicates presence of a target gene in a particular isolate, (–) indicates absence of a targeted gene.Antibiotic resistance genes (ARGs), Heavy metal resistance genes
(HMRG), Mobile genetic element (MGE).
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three genes were found in E.coli (AN10). Further, arsC was found in
four isolates such as Acinetobacter sp. (WR7), E.coli (AN10), Pseu-
domonas sp. (AN9), Aeromonas sp. (WG7) and seven isolates each
one of Acinetobacter sp. (AN5), two of E. coli (AN10), Pseudomonas
sp. (MDY3), Shigella sp. (AN9), Aeromonas sp. (WH4), Brevibacterium
frigoritolerans (WR1) were found positive for all mercury resistant



Fig. 3. Heatmap of antibiotic resistant phenotype and genotypes of the seuqnces blaTEM isolates. (a). Location based heatmap. (b). Strain based heatmap.
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genes (merB, merP, and merT). But two Acinetobacter sp. and one
Bacillus simplex (AN4, BS4, and JN2) isolates were found negative
for mercury resistant genes (Table 2).

3.6. Susceptibility toward metal resistance

The isolates having metal resistant gene(s) mer, sil, and arsC
were further checked for tolerance against different concentrations
of HgCl2, AgNO3, and Na3AsO4. The MIC value of HgCl2 was
recorded between the ranges of 2–16 mg/l. We observed that the
isolates tolerate exposure of AgNO3 between ranges of 2 to
16 mg/l, and for Na3AsO4, the MIC was obtained between 16 and
>256 mg/l range (Table 1).

3.7. Genetic environment analysis of blaTEM

Bacterial isolates with blaTEM genotype were screened for the
genetic environment. PCR based genetic environment analysis
showed that genetic elements IntI, SulI, ISecp1, TN3, and TN21 were
present in 9, 7, 6, 5, and 7 isolates respectively (Table 2). However,
all the isolates except AN4 (Acinetobacter sp.) and MDY3 (E.coli)
were PCR positive for 50/30 CS, intI1, and Sul1 gene, demonstrating
the presence of Class 1 integron. ISecp1 was found positive for 6
isolates two E.coli and one each of Acinetobacter sp., Pseudomonas
sp., Aeromonas sp., Bacillus simplex. TN3 was detected in 5 isolates
viz. Pseudomonas sp., E.coli, Acinetobacter sp., Shigella sp., and Aero-
monas sp. Similarly, 7 isolates three Acinetobacter sp., one each of
E. coli, Pseudomonas sp., Aeromonas sp., Brevibacterium frigoritoler-
ans were positive for TN21 as shown in Fig. 3.

3.8. Replicon typing

Replicon typing shows that more than three plasmid incompat-
ibility types were found to co-exist among all the isolates carrying
blaTEM. Moreover, four isolates of Acinetobacter sp. carry plasmid
incompatibility groups (B/O, HI1, HI2, I1, N, FIA, FIB), two E.coli



Fig. 4. Different sampling sites across Dal lake and Wular lake in Kashmir valley, India.
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(B/O, HI1, HI2, I1, N, F, FIA) and one each of Pseudomonas sp. (F, HI1,
HI2, I1, N), Shigella sp. (B/O, HI1, HI2, I1, N), Aeromonas sp. (F, HI1,
HI2, I1, N, FIA), Bacillus simplex (B/O, HI1, HI2, I1, N) and Brevibac-
terium frigoritolerans (F, HI1, HI2, I1, N).
3.9. Conjugation experiment

To determine whether blaTEM, AmpC, qnrS, IntI, SulI, ISecp1, TN3,
TN21, and heavy metal resistance determinants mer, sil, and arsC
genes transfer by conjugation, AN10 and WR7 isolates were
selected. Using different primers sets, we amplified the transconju-
gant plasmids. Our results depicted that both the isolates AN10
and WR7 have blaTEM gene present. While qnrS was found in
WR7 only, and AmpC gene was detected in both isolates. Besides,
AN10 was found positive for all metal resistant genes, however,
none of the metal resistant genes was found positive for transcon-
jugant WR7. Furthermore, IntI was amplified successfully in both
the transconjugants, nevertheless, none was found positive for SulI.
ISecp1 could not be detected in any of the transconjugants. Trans-
poson TN3 and TN21 resistance genes were present in both the
transconjugants. After successful conjugation experiment, the
plasmid of transconjugants was isolated and after getting positive
amplification of PCR, it was confirmed that donor bacterial isolates
(E.coli, Acinetobacter sp.) could transfer their resistant determinants
like blaTEM, AmpC, qnrS, mobile elements (IntI, TN3, TN21) and
metal resistant genes (silE, silP and silS, merB, merP and merT,
and arsC) via conjugation. The MIC value of different antibiotics
and metal for transconjugants are given in Table 3.
4. Discussion

The existence of ESBL positive bacteria in an open aquatic envi-
ronment influenced by anthropogenic activities have been
reported globally (Maloo et al., 2017). The genes responsible for



Table 3
MIC values for blaTEM producing transconjugants isolated from Kashmir valley, India.

Isolates MIC

CAZ (lg/
ml)

CTX (mg/
ml)

CIP (mg/
ml)

C (mg/
ml)

TR (mg/
ml)

AMP (mg/
ml)

CL (mg/
ml)

AgNO3 (mg/
l)

Na3ASO4 (mg/
l)

HgCl2 (mg/
l)

E. coli AN10 256 256 <2 4 >256 256 8 4 64 64
AN10/Transconjugant

(J53AZR)
256 32 <2 4 128 16 2 2 64 64

Acinetobacter sp.WR7 128 256 <2 8 256 8 8 16 16 8
WR7/Transconjugant

(J53AZR)
128 256 <2 2 64 8 4 8 8 2

For the result analysis Reference values of CLSI guidelines were used for MIC determination of resistance, intermediate and sensitive phenotype the values are mentioned as
CAZ: �16, 8, �4, CTX: �4, 2, �1, CIP: �4, 2, �1, C: �32, 18, �8, TR: �16, �8, �8, AMP: �32, 16, �8, CL: �2, 2, �1. Reference values for the permissible limits of heavy metals in
water were adapted from the available literature for Arsenic (As): 0.02 mg/L,Mercury (Hg): 0.01 mg/L Adopted from Singh, et al. 2011 (Indian Journal of Pharmacology) and
for Silver (Ag): 0.1 mg/L Adopted from Alan B. G. Lansdown 2010 (Advances in Pharmacological Sciences)

Table 4
Primers used for amplification of different genes.

Gene Primer name Primer sequence Product size (bp) References/Accession No.

16S rRNA RR-F
RR-R

50- GGCGGACGGGTGAGTAATG �30

50- CGATTACTAGCGATTCCGACTTC �30
1250 This study

blaTEM TEM-F
TEM-R

50-ATGAGTATTMAACATTTYCGTGTCGCC-30

50-TTACCAATGCTTAATCAGTGAGGCACCTATC-30
861 This study

AmpC AMP-F
AMP-R

50-GATCGTTCTGCCGCTGTG-30

50-GGGCAGCAAATGTGGAGCAA-3
271 Corvec et al. (2007)

qnrA QA-F
QA-R

50-AGAGGATTTCTCACGCCAGG-30

50-TGCCAGGCACAGATCTTGAC-30
580 Cattoir et al. (2007)

qnrB QB-F
QB-R

50-GATCGTGAAAGCCAGAAAGG-30

50-ATGAGCAACGATGCCTGGTA-30
476 Kim et al. (2009)

qnrS QS-F
QS-R

50-GCAAGTTCATTGAACAGGGT-30

50-TCTAAACCGTCGAGTTCGGCG-30
428 Cattoir et al. (2007)

merB MB-F
MB-R

50-ATGAAGCTCGCCCCATATATT-30

50-TCACGGTGTCCTAGATGACAT
640 This study

merP MP-F
MP-R

50-ATGAAGAAACTGTTTGCCTCC-30

50-TCACTGCTTGACGCTGGACG-30
272 This study

merT MT-F
MT-R

50-TTAATAGAAAAATGGAACGAC-30

50-ATGTCTGAACCACAAAACGGG-30
355 This study

silE SE-F
SE-R

50-GTACTCCCCCGGACATCACTAATT �30

50-GGCCAGACTGACCGTTATT-30
410 Percival et al. (2008)

silP SP-F
SP-R

50-GGCGATAAGCTCCGCATCAGA-30

50-TCCACT TTT TCAAGACGCTCA-30
524 Kremera and Hoffmann (2012)

silS SS-F
SS-R

50-GGAGATCCCGGATGCATAGCAA-30

50-GTTTGCTGCATGACAGGCTAA AGACATC-30
1500 Percival et al. (2008)

arsC AR-F
AR-R

50-GTAATACGCTGGAGATGATCCG-30

50-TTTTCCTGCTTCATCAACGAC-30
409 Sunita et al. (2012)

CS 50CS
30CS

50-GGCATCCAAGCAGCAAG-30

50-AAGCAGACTTGACCTGA-30
530 M73819

IntI IntI- F

IntI -R

50-CTACCTCTCACTAGTGAGGGGCGG-30

50-GGGCAGCAGCGAAGTCGAGGC-30
845 U12338

SulI SulI-F
SulI-R

50-ATGGTGACGGTGTTCGGCAT-30

50CTAGGCATGATCTAACCCTC-30
800 Galimand et al. (2003)

ISecp1 IS-F
IS-R

50-TAAAAAACACAGGTGGAATTTAG-30

50-CCAGGAACCACGGAGC-30
1000 This study

TN3 Tn3 P-1
Tn3 P-2
Tn3 P-3

50-AACTGATCTTCCTGACCGTC- 30

50-TATGACCGATACGGCAGGTG- 30

50-TCAGCAATGAACGGACCAGC- 30

752 Heffron et al. (1979)

TN21 Tn21 P-1
Tn21 P-2
Tn21 P-3

50-AGAAAGTTCGTCCTGGGCTG- 30

50-TACTGCCGCGCATCAAGATC-30

50-GGCCAAGGACAAGAACCTGT-30

1000 Kim et al. (2009), Brown et al. (1985)
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ESBL production are linked with genetic elements like transposons,
integrons, and heavy metal determinants, thereby, complicating
the situation further as these elements expedite the transmission
of resistance determinants among different species of bacteria
(Singh et al., 2018; Azam et al., 2016; Bajaj et al., 2015). In this
study, antibiotic-resistant genes were identified, including TEM,
AmpC, qnrS, various genetic elements like ISecp1, TN3, TN21, IntI,
and SulI among bacterial isolates from pristine lakes of Kashmir
valley, India. The co-existence of antibiotics and different heavy
metal resistant genes (mer, sil, and ars) were also determined. Of
the total 201 bacterial isolates obtained from 16 different sampling
sites, 38 were found to be ESBLs producers. The presence of ESBL
producers along with mobile elements and metal resistance deter-
minants are in line with earlier reports (Singh et al., 2018; Siddiqui
et al., 2018; Bajaj et al., 2015; Azam et al., 2016). Resistance to cefa-
zolin, colistin, cefoxitin, rifampicin, ampicillin, polymixin B, cipro-
floxacin, levofloxacin, ertapenem, piperacillin/tazobactam,
amikacin, trimethoprim, and ampicillin/sulbactam, was observed
among 63, 54, 45, 45, 27, 18, 18, 18, 18, 9, and 9% isolates, respec-
tively. These results corroborate with previous studies (Siddiqui
et al., 2018; Azam et al., 2016). A report carried on antimicrobial
resistance in water bodies of Kashmir valley revealed that about
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7% of E. coli are resistant to cephalosporins, third-generation
antibiotics (Rather et al., 2013). Another report published by Dr.
Nisarul Hassan (2016) stated that 80% of bacteria isolated from
SKIMS hospital ICUs were resistant to imipenem. Among the resis-
tant bacteria, the most common isolates found were E coli, Kleb-
siella, Pseudomonas, and Acinetobacter. These isolates showed
100% resistance to ceftriaxone. The colistin resistance was
observed higher than reported previously (Siddiqui et al., 2018;
Vivant et al., 2016), which is worrisome as this antibiotic is one
of the last resorts against multidrug-resistant bacteria. In this
study, a complete sensitivity pattern was observed for antibiotics
like imipenem, chloramphenicol, and tetracycline. All the isolates
carrying blaTEM gene were identified by molecular characteriza-
tion. The identified bacteria were Acinetobacter sp. (4), E. coli (2),
Pseudomonas sp. (1), Shigella sp. (1), Aeromonas sp. (1), Brevibac-
terium frigoritolerans (1) and Bacillus simplex (1). We observed the
domination of Acinetobacter sp. in contract with the previous find-
ings (Kittinger et al., 2017), reporting Acinetobacter sp., as in
higher prevalence with antibiotic resistance in freshwater bodies
of Austria. The 16S rRNA nucleotide sequences of bacterial isolates
showed 99–100% homology with previously submitted clinical and
environmental isolates indicating that bacteria in this study might
have originated from domestic sewage and or hospital effluent.
Our findings are also in line with the study conducted on water
samples from Dal Lake (Saleem et al., 2011).

Sequence analysis of blaTEM gene depicted that blaTEM-116
(8/11) is the most prevalent type including blaTEM-1 (3/11), these
results are in line with one of the reports published earlier
(Maravic et al., 2016). Based on the literature survey, the occur-
rence of blaTEM-116 in Brevibacterium frigoritolerans and Bacillus
simplex from this study is the first report. The presence of AmpC
positive isolates corroborates with the previous finding carried
out from the urban river environment (Bajaj et al., 2015). Oteo
et al., et al. (2010) also reported a very high proportion of the AmpC
positive ESBL producers (95.2%) in the environmental setting. The
results of this finding correlated with the results of clinical speci-
mens from SKIMS Kashmir, where 27.1% of AmpC producing iso-
lates were obtained (Ahmad et al., 2010). qnrS gene was obtained
in 63% isolates in this study, similarly, the occurrence of PMQR
and ESBL genes have been reported in studies from China and Iran
(Li et al., 2014; Mood et al., 2015). We found that the co-existence
of blaTEM and heavy metal resistance elements viz. mercury resis-
tant genes, silver resistance genes, and arsenic resistance gene
imparting resistance to a wide range of antibiotics, however, not
to ignore mobile genetic elements. Therefore, the co-existence of
antibiotic and metal resistance determinants on the same conjuga-
tive plasmids results in their transfer and as such maintenance
among indigenous community members (Seiler et al., 2012). Mer-
cury resistance is considered to be regulated by mer operon genes
and has frequently been observed linked genetically to antibiotic
resistance genes (McIntosh et al., 2008). The co-occurrence of
ESBLs and mer operon genes has been previously reported among
human and avian samples from Sweden and the aquatic environ-
ment from India (Sutterlin et al., 2014; Azam et al., 2016). E. coli
isolated from Dal Lake showed a high incidence of mercury resis-
tances (Murtaza et al., 2002). Various genes present in ars operon
are responsible for the emergence of arsenic resistance. Among
these genes, arsC is a very important determinant that provides
arsenate resistance by reducing it to arsenite. Our results corrobo-
rate with the previous study carried out among isolates from
municipal wastewater in Italy, where co-occurrence of antibiotic
resistance and arsC gene was observed (Di Cesare et al., 2016).
Reports from Kaur et al. (2009) and Sunita et al. (2012) also
showed the presence of arsC gene among the bacterial isolates
from freshwater bodies in India. The association of mobile ele-
ments with blaTEM gene was also studied where positive amplifi-
cation for IntI 81, SulI 63, ISecp1 54, TN3 45, and TN21 63% isolates
was achieved. In the present study, TN3 and TN21 were found
associated with blaTEM gene, similar results were also reported
in the past (Nicolas et al., 2015). Perez et al. (2018) showed the
presence of ISEcp1, intI1 with blaTEM gene (ISecp1- 88.5, and intI
-94%). Plasmid incompatibility studies showed where Inc groups
like B/O, HI1, HI2, I1, N, FIA, FIB to be associated with blaTEM. A
study by Marcade et al. (2009) showed an association of blaTEM
with Inc type N, B/O, FIA, FIB, HI1, HI2, I1 which supports our data.

5. Conclusion

In this study, we reported multidrug-resistant bacteria with
ESBL, metal resistance, and genetic elements contemporaneous in
the aquatic environment of Kashmir valley. The overall resistance
pattern of ESBL positive isolates towards the presence of antibi-
otics, b-lactamase gene, metal resistant genes, and mobile ele-
ments was found to be similar to several reports from across the
globe. Two variants of blaTEM viz. blaTEM-116 and blaTEM-1 have
been detected in this report. Moreover, the existence of blaTEM
gene in Bacillus simplex and Brevibacterium frigoritolerans are new
reports. Detection of mobilome, metal, and antibiotic-resistant
determinant from the aquatic environment highlights the co-
existence and co-transfer of these elements possibly between dif-
ferent bacteria through horizontal gene transfer. Further research
regarding mobile genetic elements fortifies these elements in the
expansion of multidrug-resistant bacteria. The study necessitates
the need to explore and investigate aquatic ecosystems that pro-
vides a hotspot of antibiotic resistance genes.
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