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Abstract
This study aims to isolate gram negative bacteria (GNB) harboring the gene NDM-1 from the tertiary
care hospital effluents. Also, aims to evaluate the relative copy number of blaNDM-1 carried by the
positive isolates. The study isolated 215 GNB from 40 effluent samples. The antibiotic susceptibility
tests for carbapenems were performed using disc diffusion assay. The isolates resistant to either
meropenem or imipenem were checked for the existence of MBL by phenotypic methods. The isolates
carrying NDM-1 gene were genotypically confirmed by Polymerase chain reaction (PCR). The gene
copy number of blaNDM- were determined by quantative real-time PCR. A total of 22 isolates showed
phenotypic resistance to carbapenems and were characterized by biochemical methods. Among them,
12 harbored NDM-1 gene by PCR; these bacteria were subjected to qPCR for determining the absolute
copy numbers of the NDM-1 gene on it. The gene abundance in the strains was in the range of 3.28×
105 to 6.05× 106 copies/ ng of DNA. Hospital effluents are important pool of antibiotic resistant bacteria
harboring the blaNDM-1 and infections caused by these bacteria are difficult to treat. Hence, the present
study stresses the need for stringent antibiotic use and efficient wastewater treatment policies in these
hospital settings, which is paramount in achieving sustainable health.
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INTRODUCTION
Hospitals are a selective atmosphere for
antibiotic resistant bacteria, disseminating them
to the surrounding environment primarily from
discharges of hospital effluents.1,2 It is quite natural
where antibiotics are heavily used for the existence
of resistance seems to be high. Long term exposure
of microorganisms to low concentration of
antibiotics leads to the development of antibiotic
resistance in pathogenic organisms. 3 Waste
water from the hospitals are important source
of antibiotic resistant bacteria and dissemination
of these bacteria results in hospital acquired
infections.4,5
The production of the bacterial enzymes
β-lactamases is the most principal mechanism
of resistance to β-lactam antibiotics. Several
β-lactamases among gram negative bacteria have
been reported.6 Carbapenemases most commonly
hydrolyes many β-lactam antibiotics and these
are endogenously produced by the bacteria.
The normally known carbapenemases among
Enterobacteriaceae includes KPC, IMP, OXA-48 and
VIM. In addition, a new class of New Delhi Metallobeta-lactamases-1 (NDM-1) has been reported
worldwide since 2008. These NDM-1 producers
show resistance to other classes of antibiotics.7
Therefore, the spread of these bacteria carrying
the NDM-1 gene is a major global health threat.8,9
The blaNDM-1 is located on large plasmids with
various sizes.10 Uncontrollable spread and infection
caused by these NDM-1 producing bacteria
leaves a limited treatment option hence the term
"superbugs" is used.7 Thus, it is important to study
the bacteria containing NDM-1 gene in the hospital
effluents. Early detection of NDM-1 producers in
bacteria causing clinical infections and colonizers
is mandatory to prevent their spread. Current
study interested in detecting these NDM-1 carrying
isolates from the tertiary care hospital effluents
and to carry out real- time PCR assay as a powerful
tool for the quantification of blaNDM-1 in hospital
effluent.

water was collected from each site in a clean bottle
for bacteriological analysis. A total of 40 effluent
samples were collected during the study. The
samples were collected in a sterile container and
analyzed for the presence of GNB. All the isolates
were identified using series of biochemical tests.
Detection of Metallo β-lactamase (MBL)
producing bacteria
The isolates showing resistance either
meropenem or imipenem were tested for the
occurrence of MBL by double-disc synergy
tests (DDST). The isolate showing positive
results were confirmed with meropenemethylenediaminetetraacetic acid (EDTA) strip
(HiMedia, Laboratories Pvt. Ltd., India) method
according to the instructions given in the manual.
The cultures were measured as MBL positive as
per the instruction manual.
Antibiotic susceptibility test
Antibiotic susceptibility test was
performed according to method described by
Bauer et al11 with Clinical and Laboratory Standards
Institute (CLSI, 2019) guidelines.12 The isolates were
tested against carbapenem group of antibiotics
meropenem (MRP, 10 μg) and imipenem (IMP, 10
μg) using ATCC standard cultures as control. The
isolates which were phenotypically resistant for the
carbapenem antibiotics were also tested against
other commonly used antibiotics: cefotaxime (CTX,
30 μg); ampicillin (AMP, 10 μg); ceftazidime (CAZ,
30 μg); cotrimoxazole (COT, 25 μg); gentamicin
(GE, 10 μg); ciprofloxacin (CIP, 5 μg); tetracycline
(TET, 30 μg); chloramphenicol (C,30 μg); nalidixic
acid (NA, 30 μg); nitrofurantoin (NIT, 300 μg);
meropenem (MRP, 10 μg) ; imipenem (IMP, 10 μg).
All the inhibition zone diameter was recorded and
results were interpreted as per CLSI guidelines12
using ATCC standard cultures as control.
Genotypic analysis
Genomic DNA from the bacteria were
extracted from the carbapenem resistant isolates
by Cetyltrimethyl ammonium bromide (CTAB)
method.13 The extracted DNA was checked for
the purity and concentration was measured
(Nano Drop® spectrophotometer (ND-1000,
Thermo Fisher Scientific, USA). Genotypic
tests for the presence of NDM-1 gene was
determined by PCR using appropriate primer sets
(Forward: GGTTTGGCGATCTGGTTTTC; Reverse:
CGGAATGGCTCATCACGATC) to amplify the 621 bp

EXPERIMENTAL METHODOLOGY
Isolation of bacteria
Effluent samples were collected from two
tertiary care hospitals located in Mangaluru, India,
before and after they enter into the waste water
treatment plant. Around 100ml of the effluent
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Quantification of NDM-1 gene by quantitative
real-time PCR
Quantitative real-time PCR (qPCR) was
achieved to determine the quantities of NDM-1
genes in the selected 12 strains. The primer pair
for the NDM copy number determination having
the sequences GGGCAGTCGCTTCCAACGGT and
GTAGTGCTCAGTGTCGGCAT were used as forward
and reverse, respectively. The qPCR was carried
out in Bio-Rad CFX96 Real-Time System. The PCR
mixture with a volume of 20µl contained 10.0
µl of 2× SYBR Green Master Mix (Sso advanced
Universal SYBR Green Supermix, Bio-Rad), 0.4 µl of
each primer (0.4 µM), and 1µl of 100ng template
DNA. The PCR conditions for the quantification of
NDM-1 gene was 95°C for 3 min, followed by 45
cycles of 30 s at 95°C, 30 s at 52°C, 30 s at 72°C
with data capture for each cycle at 80°C for 20 s.
The specificity of PCR products was confirmed

gene. The PCR programme was as follows: Initial
denaturation at 94°C for 5 min; for 30 cycles with
each cycle consisting of 94°C for 30 sec, annealing
temperature at 52°C for 40 sec and extension for
72° C for 5 min. The pcr products were resolved in
1.5% agarose gel stained with ethidium bromide
(0.5µg/ml) in 1×TAE buffer loaded with 10µl of the
reaction mixture and observed under UV light in a
Gel Documentation system (Bio-Rad, CA, USA).
Cloning of NDM-1 gene
The PCR product was purified and ligated
to commercially available pDRIVE linearized vector
(Qiagen, USA) at 16°C for 2 h and then transformed
into E. coli DH5α competent cells by heat shock.
The transformed clones were screened on Luria
Bertani (HiMedia, India) agar plates containing
ampicillin (100 µg ml-1) as selective marker. Positive
clones were further confirmed by colony PCR using
both gene specific and vector specific primers.

Table 1. Antibiotic resistance pattern of NDM-1 positive isolates
Isolate

Strain

Resistance phenotype

Klebsiella spp.
Klebsiella spp.
E.coli
E.coli
Klebsiella spp.
Salmonella spp.
Proteus spp.
Klebsiella spp.
E.coli
E.coli
Enterobacter spp.
Klebsiella spp.

262K
268K
261K
6K
264K
87K
270K
277K
311K
314K
322K
138K

AMP, GEN, NIT, IPM, CTX, PIT, ESBL
NA, CIP, C, AMP, GEN, NIT, IPM, MRP, CTX, PIT
NA, COT, CIP, AMP, MRP, CTX, PIT, ESBL
NA, COT, CIP, AMP, GEN, NIT, IPM, MRP, CTX, PIT
NA, TE, COT, CIP, C, AMP, GEN, NIT, IPM, MRP, CTX, PIT
NA, COT, CIP, AMP, GEN, IPM, MRP, CTX, PIT, ESBL
NA, COT, CIP, C, AMP, GEN, MRP, CTX, PIT, ESBL
NA, TE, COT, CIP, C, AMP, GEN, NIT, IPM, MRP, CTX, PIT
NA, COT, CIP, AMP, GEN, MRP, CTX
NA, COT, CIP, C, AMP, GEN, IPM, MRP, PIT, CTX
NA, COT, CIP, AMP, GEN, NIT, MRP, PIT, CTX
NA, TE, COT, CIP, C, AMP, NIT, IPM, MRP, CTX, PIT

(AMP-Ampicillin; PIT-Piperacillin-Tazobactam; CTX-Cefotaxime; IPM-Imipenem; MRP- Meropenem; GEN-Gentamicin;
NA-Nalidixic acid; CIP-Ciprofloxacin; COT-Co-trimoxazole; C- Chloramphenicol; TE-Tetracycline; NIT- Nitrofurantoin)

Fig. 1. E-strip method for phenotypic detection of Metallo β-lactamase
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by melt curve analysis (65-95°C). A known copy
number bacterial NDM-1 plasmid clone was
used as a standard for the qPCR analysis. All the
reactions were performed in triplicate along with
non-template control as negative control.

maximum antibiotic resistance pattern with
various antibiotics (Table 1). Klebsiella strain 138K
has showed resistance towards 11 antibiotics, and
after qPCR, the copy number of NDM-1 gene was
expressed as 1.3 × 107 copies/ ng of DNA. Another
two Klebsiella strains, 264K and 277K, exhibited
resistance against 12 antibiotics, and the NDM-1
copy number were quantified as 1.6 × 108 and 4.4
× 106 copies/ ng of DNA, respectively. The gene
copy number for blaNDM-1 gene among the other
resistant bacteria were presented in the Fig 2.

RESULTS

A total of 215 GNB were isolated from 40
hospital effluent samples. A total of 22 carbapenem
resistant isolates were verified for the presence of
Metallo -beta lactamases by phenotypic method
(Fig. 1). Of 22 isolates, only 12 isolates harbored
NDM -1 genes which include E. coli (4), Klebsiella
spp. (5), Proteus spp. (1); Enterobacter spp. (1) and
Salmonella spp. (1). NDM-1 gene was detected
only among the isolates from untreated effluent,
hence those positive strains only used for the real
time quantification studies.
Genotypically confirmed 12 NDM-1
isolates were showed to be multidrug resistant,
of which two isolates were resistant to all the 12
antibiotics used in the study (264K and 277K). The
resistance pattern to other antibiotics is presented
in the Table 1.
Quantification of NDM-1 gene by qPCR
Quantitative real time PCR assay was
performed to determine the absolute copy
numbers of NDM-1 gene among the positive
isolates. The NDM-1 gene abundances in the
effluent samples were in the range of 4.1 × 105
to 1.6 × 108 copies/ ng of DNA (Fig. 2). From the
result presented in Table 1, amongst the 12 NDM1 positive isolates subjected for the antibiotic
profiling, three of Klebsiella species strains showed

DISCUSSION
The discharge of hospital waste is
associated with dissemination of antibiotic resistant
bacteria into the surrounding environment which
imparts the antibiotic usage in hospitals. The
effluents released from these hospitals reach
the open estuaries or coastal water bodies
through land run-off and sewage inputs. Hospital
wastewater serve as an imperative reservoir for
the resistant bacteria possibly carrying antibiotic
resistance genes in them. 13 Several studies
have been carried out to investigate the impact
of antibiotic usage on microbial population in
developing resistance and this has been analyzed
by molecular techniques such as PCR, DNA
fingerprinting, plasmid profiling, etc.
The incidence of NDM-1 positive isolates
in these hospital settings are quite alarming. The
high resistance to carbapenems mainly due to
carbapenemase enzyme such as KPC, IMP, VIM,
NDM-1 and OXA-48. A novel class of NDM-1 was
reported in 2008 from the Indian subcontinent

Fig. 2. Bacterial NDM-1 gene copy numbers in the hospital effluents. Error bars indicate standard deviation.
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and since then has been recorded worldwide.7,15,16
NDM-1 gene was detected only among the isolates
of untreated effluent which includes E coli,
Klebsiella spp., Pseudomonas spp., Enterobacter
spp., Proteus spp., Salmonella spp. and Shigella
spp. A study from China on hospital sewage found
blaNDM-1 producing Acinetobacter, suggesting it
to be an important reservoir for NDM-1.17 The
study from Mangalore reported the presence of
NDM-1 carrying E coli isolates among hospitalized
patients.18 The organisms carrying the NDM-1 gene
are particularly important because they reside in
which the gene can spread horizontally from one
bacteria to other.19 The NDM-1 positive isolates in
this study exhibited multidrug resistance pattern,
in which two were resistant to all 12 antibiotics
tested namely 264K and 277K. Multiple resistance
exhibited among NDM-1 isolates led to the
limitations in treating patients.20
Real time PCR assay provides rapid
and accurate detection, quantification of the
blaNDM-1 gene among carbapenemase resistant
Enterobacteriaceae.21,22 In the present study NDM1 was detected only in the untreated effluent
isolate, calculated precisely the number of copy
per genome. Since most of the strains showed
resistance against more than 10 antibiotics tested,
the NDM-1 gene copy number of them also had
been quantified. The absolute copy numbers
of NDM-1 gene in hospital effluent samples
expressed as a range of 4.1 × 105 to 1.6 × 108
copies/ ng of DNA. In another study NDM-1 gene
was detected abundantly in untreated wastewater
during wastewater treatment plant monitoring
period.23 The abundance of blaNDM-1 ranged from
1.6 × 104 to 2 × 105 copies/m3 that could be due to
the global travelers entering these areas in each
year.
In the present study 22 GNB that were
resistant to either meropenem or imipenem but
only 12 harbored blaNDM-1. Possibly new resistance
mechanisms may exist in these isolates, which
warrants imminent study to depict them in detail.
Mantilla-Calderon et al23 characterized the E. coli
isolate and isolation frequency was found to be
3 × 104 CFU/m3 of wastewater coincides with the
detected copy numbers of blaNDM-1 genes in the
wastewater.23
While the qPCR result showed that there
was no direct connection with the maximum
Journal of Pure and Applied Microbiology

number of antibiotic resistance and the NDM-1
gene copy number in the strains tested. Though
the Klebsiella strains such as 138K, 264K and 277K
have showed maximum antibiotic resistance (1112 antibiotics), could not exhibit any pattern of
similarity about NDM-1 gene copy number; varies
strain to strain. While the real-time PCR assays
would be an imposing tool for the quick detection
and quantification of bla genes in multifaceted
environmental samples.
Presence of NDM-1 gene on the
transmissible elements plasmid constitutes
a significant threat due to its ability for the
horizontal spread. The results of this study
indicate that hospital effluents are a reservoir for
NDM-1 producing bacteria and highlight the need
for effective intervention and judicious use of
antibiotics, following proper antibiotic policies to
prevent the morbidity and mortality occurring in
high-risk patients. Hospital sewage is an important
but often overlooked reservoir of antimicrobial
resistance genes and warrants more attention.
CONCLUSION
Hospital effluents acts as conducive
medium for the antibiotic resistant bacteria a major
health threat. The study reveals the presence of
NDM‑1 genes in transmissible elements among
the bacteria constitutes a noteworthy risk due to
its horizontal spread to the other bacteria. It is
imperative to treat the hospital waste water before
releasing into the surrounding environment.
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