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Isolation, screening and phenotypic characterization of metallo-β-

lactamase (MBL) producing eubacterial isolates from Mahananda and 

Karala River of Siliguri and Jalpaiguri towns of West Bengal 
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1.1 Introduction 

Rivers are the lifeline for all living organisms on our planet earth and they are the 

veins of our planet, through which life flows. Rivers are not only making our planet 

livable, but they also make it grossly beautiful, because they are the main important source 

of freshwater on our planet and the water of the river are invaluable useful for all living 

things such as man, animals, and plants. It is the source of drinking water, agriculture 

irrigation, power generation, transport, etc. Since human’s life depends so much upon 

rivers, it is his bounden duty to keep them clean and pollution-free. However, due to rapid 

industrialization and poor maintenance, rivers become highly polluted. Now they are 

transformed into a huge dumping area of the city and polluted rivers water are highly 

dangerous for the human race because it has become a reservoir of pathogenic microbes 

which can directly affect the human and animals.  

The river water environment is one of the most important natural bacterial habitats, 

which harbour richest bacterial diversity and it is also a major way of spreading of 

microorganisms in nature (Tamames et. al., 2010). The river is a dumping area for all types 

of wastewater and human excreta. A man-made environment like, wastewater treatment 

plant (WWTP) are the most important elements which are responsible for increasing 

pathogenic bacterial population in river water. Human waste and wastewater are 

recognized as a major source of antibiotic-resistant bacteria (ARBs) and antibiotics-

resistance genes (ARGs). In urban areas, wastewater treatment plant (WWTP) used for the 

treatment of sewage water, community and household wastewater. Wastewater treatment 

plants are removed chemical, organic and biological wastes from wastewater and sewage 

water. WWTPs are the most important collector and distributor of antibiotics resistant 

bacteria and antimicrobial resistance (AMR) genes because WWTP can only reduce the 

concentration of antibiotic resistant bacteria. WWTP is the hotspot for pathogenic 

microbes and spreader of those types of microbes because they collect microbes from 

hospital and health care sectors and dump into the river after treatment (Jury et. al., 2011; 

Bouki et. al., 2013).  

As a result of decades of use and misuse of antibiotics and other antimicrobial 

compounds, their functional metabolites, antibiotics and AMRs gene are common and 

easily distributed in the river water environments. Where they can persist for long periods 
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many enteric pathogenic bacteria and faecal bacteria, such as E. coli and Enterococci, are 

now become multiple drug-resistant, with some high drug-resistance such that infections 

cannot be easily treated. Several reports have linked hospital isolates of carbapenemase-

producing enteric bacteria to the same bacteria found in the river water that was implicated 

in a possible waterborne community salmonellosis outbreak (Akinyemi et. al., 2011) and 

recently a study of Suzuki has been found that a carbapenem resistant isolates E. coli 

belonging to CC10 and K. pneumoniae belonging to ST147 and ST11 in hospital sewage 

as well as in river water (Suzuki et. al., 2020). Water environment is not only reservoirs of 

both ARBs and ARGs rather it is also a hot spot for horizontal gene transfer enabling the 

spread of ARGs between bacterial strain and develop new antibiotics-resistant bacteria of 

human health concern and they are spreading globally, thus posing increased human health 

risks (Karkman et. al., 2018).  

Some of the most dangerous antibiotic-resistant infections are caused by MBLs 

producing Enterobacteriaceae (lactose fermenting and non-lactose fermenting), 

Pseudomonas and Acinetobacter spp., and is found worldwide (Van Duin & Doi, 2017; 

Iovleva & Doi, 2017). These MBL positive bacterial strains showed resistance against the 

antibiotics of the carbapenem group. As carbapenems (including imipenem, ertapenem, 

meropenem and doripenem) belongs to the group of β-lactam antibiotics, so the 

development of resistance to carbapenems by enzyme hydrolysis mechanism is associated 

with resistance to other β-lactam groups of antibiotics (including penicillin and all types of 

cephalosporins) (Queenan & Bush, 2007). The research work of carbapenem resistance in 

aquatic environment and hospital has shown some relationship levels of resistance. 

Harmon and his co-workers (2019) found widespread carbapenem resistant bacterial 

isolates in water obtained from the different aquatic environment including ponds, lakes 

and dam in West Coast of the United State. They identified MBLs producing isolates 

of Enterobacter asburiae and Stenotrophomonas maltophilia.  

MBLs producing bacteria have also been reported from environments other than the 

clinical (Isozumi et. al., 2012). The incidence of NDM-1 metallo-β-lactamase producing 

bacteria in environmental samples (drinking water), as  found in New Delhi has important  

implications  for  people  living  in  the  city  who  are  dependent  on  public  water  and 

sanitation facilities (Walsh et. al., 2011). The reality is that a substantial proportion of 
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urban populations dwelling in several old and sprawling new cities of India does not have 

proper sanitation system and access to clean potable water (highlighted by a recent UN 

report, accessed March 25, 2011). The existing sewerage system in urban centers in a 

metropolis like New Delhi can cater to only 60% of the population (Cairncross, 2003; 

Ensink et. al., 2008; Jamwal et. al., 2009; Baruah, 2009; Jamwal; Mittal, 2010). The rate of 

potential risks associated with the ‘oral-faecal’ transmission of bacteria accelerates with 

the standards of sanitation and facilitates the continuous spread of genetic pools carrying 

antibiotic resistance genes from one human sector to another (Mukherjee et. al., 2005; 

Mukherjee & Chakraborty 2006; Mukherjee & Chakraborty 2007). Identification of a 

significant number of NDM-1 in E. coli is an additional source of concern as it suggests 

that the resistance is being disseminated in the environment as well as in hospitals 

(Nordmann et. al., 2011).  NDM-1 producing bacteria are mainly spread via the ‘fecal-

oral’ route, the distribution of NDM-1 within the Indian subcontinent is extremely high 

may be due to poor sewage systems and pollution of rivers by city wastes (especially 

hospital wastes).  

India has become the focal point of global interest on antibiotic resistance as the 

detection of class B metallo-β-lactamases (MBLs) NDM-1 containing bacteria elsewhere 

(Walsh & Toleman, 2011). The study of Deshpande et. al., (2010) showed that NDM-1 is 

widely disseminated in the Indian subcontinent. Several studies have reported the presence 

of NDM-1 producers from different parts of India (Roy et. al., 2011; Castanheira et. al., 

2011; Sarma et. al., 2011). Several reports from many parts of India have shown the 

increasing co-production of NDM-1 with other carbapenemases among the isolates of 

Enterobacteriaceae and Acinetobacter sp. (Karthikeyan et. al., 2010; Karthikeyan et. al., 

2010; Poirel et. al., 2011, Lascols et. al., 2011). 

Pressing demand of the present time is to evaluate the spread of Metallo-β-

lactamase among both the hospital-acquired and community-acquired pathogens in the 

Indian subcontinent. It is also very much essential to extend the search in different 

environmental settings that facilitates both the evolution and trans-boundary dissemination 

of drug-resistant microbes.  

The first aim of this chapter was to isolate the imipenem resistance bacteria and 

screen MBL-producing strains from imipenem resistance isolates from Mahananda and 
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Karala River flowing through Siliguri and Jalpaiguri city respectively of West Bengal, 

India. The second aim was to phenotypically characterizing the MBLs producing bacterial 

strains.   
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1.2. Materials and Methods  

1.2.1 Work plan  

A flow diagram depicting the workflow for the sequence of the microbiological 

analysis of both river water samples has been shown in the Figure 1.1 

 

Figure 1.1: Flow diagram depicting the work flow for the methodology used in this 

study 
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1.2.2 Sampling station and sample collection from river water 

The samples were collected from different locations (n= 6) in both cities Siliguri 

and Jalpaiguri, West Bengal India. Three locations were selected from Mahananda River 

representing upstream (SSM I), midstream (SSM II) and downstream (SSM III) for Karala 

River representing upstream (SSK I), midstream (SSK II) and downstream (SSK III). Four 

river water samples from each the sampling site were collected [two samples were 

collected before the monsoon season (March and April) and two samples were collected 

after the monsoon season (November and December)]. Three grab samples, from each 

sampling site, were collected from the left, right and middle of the river. All three 

samples were mixed in equal proportion and treated as a single sample. Altogether twenty-

four composite water samples [6 sampling sites (3 sites on individual river × 2 rivers) × 1 

composite sample from each site × 4 times sampling] were collected.  

1.2.2.1 Selection of sampling station on Mahananda River 

After examination of the topographic map of Mahananda River of Northern West 

Bengal, three sampling stations were selected individually on the river (upstream, 

midstream, and downstream) for the isolation of MBLs producing strains (Figure 1.2).   

The sampling sites were the following: 

SSM I (upstream, the entry point of the river into Siliguri city and less populated urban 

region) – near Champasari (26°79´22.72″ N, 88°42´85.31″ E); the sampling site is weakly 

affected anthropogenically and less polluted. 

SSM II (midstream, under the Mahananda bridge in Siliguri city) – under the Mahananda 

bridge (26°71'97.20" N, 88°41'96.07" E) situated in the middle of the city; the influx of 

household, hospital effluents, other forms of city wastes get mixed with the midstream 

through the several city drainage outlets.  

SSM III (downstream, a point where the river leaves the main township) – under the 3rd 

Mahananda bridge Babupara (26°70'22.62″ N, 88°40'88.64″ E); at Siliguri city. 
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Figure 1.2: Geographical map showing sampling location in Siliguri West Bengal,  

         India 

(SSM I) upstream, (SSM II) midstream and (SSM III) downstream of Mahananda River 

1.2.2.2 Selection of sampling station on Karala River 

After examination of the topographic map of Karala river of Northern West Bengal, 

three sampling stations were selected individually on the river (upstream, midstream, and 

downstream) for the isolation of MBLs producing strains (Figure 1.3).  

The sampling sites were the following: 

SSK I (upstream; entry point of the river into Jalpaiguri city) – near Mohitnagar 

(26°53'10.29″ N, 88°67'02.04″ E); the sampling site is a less populated rural region. 

SSK II (midstream; the midpoint of the river in Jalpaiguri city) – near the Karala river 

bridge (26°52'80.11″ N, 88°72'60.15″ E) situated very near to the district hospital, the 
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influx of household, hospital effluents, other forms of city wastes get mixed with the 

midstream through the several city drainage outlets.  

SSK III (downstream; a point where the river leaves the main town) – near Moulayi para 

(26°48'92.01″ N, 88°73'66.68″ E) of Jalpaiguri city. 

 

Figure 1.3: Geographical map showing sampling location in Jalpaiguri West Bengal,  

         India 

(SSK I) upstream, (SSK II) midstream and (SSK III) downstream of Karala River 

1.2.2.3 Collection and transportation of water samples to the laboratory   

For sampling, sterilized screw-capped water bottles were used. The 

bottles were opened underwater, rinsed thoroughly with the river water even it was pre-

cleaned and were half-filled by opening and closing the bottles underneath the water. Total 

0.5 liter water sample was collected from each sampling point. After collection, the 

collected samples were kept in the icebox during transportation to the laboratories. The 
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minimum elapsed time between collection and analysis was not exceeding more than 24 

hrs and samples were kept in the refrigerator at 4°C, after reaching the laboratory.  

1.2.3 Preparation of antibiotic stock solutions and antibiotic plates 

The stock solutions of antibiotics were prepared by dissolving the measured 

amount of the antibiotic powder in either in sterile water or ethanol or DMSO as per the 

manufacturer’s instructions. The solutions were stored at least once a month at 20°C (Table 

1.1). 

Table 1.1: Antibiotics solution preparation 

 

Antibiotics 

 

Solubility 

Stock 

concentration 

(mg/ml) 

Working concentration 

(µg/ml) 

Imipenem Water 10 50 

Meropenem Water 20 50 

Cefepime Water 50 100 

Ceftazidime Water 50 100 

Aztreonam Water 50 50 

Ampicillin Water 100 100 

Tetracycline Ethanol 50 50 

Chloramphenicol Ethanol 50 50 

Piperacillin/Tazobactam Water 50 50 

Trimethoprim DMSO 50 50 

Levofloxacin Water 50 50 

Ciprofloxacin  Water  25 50 

1.2.4 Isolation of imipenem resistance bacteria from river water samples 

The samples were manipulated under aseptic conditions inside the laminar airflow. 

Before inoculation of the samples on to culture agar plates, water samples were 10-fold 

serially diluted using phosphate-buffered saline starting from the undiluted specimen 100 

down to 10-3. Then 100 μl from each dilution was plated onto Luria agar plates 

supplemented with imipenem (20 mg/L). This isolation technique was performed to enable 
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the isolation of the imipenem resistance. Cultured plates were incubated at 37°C for 20-24 

hrs. The resulting isolated colonies were then counted for each dilution. 

1.2.5 Screening of metallo-β-lactamase-producing eubacterial strains from imipenem-

resistant colonies 

Phenotypic and genotypic methods are used for the screening of metallo-β-

lactamases-producing eubacterial strain from imipenem resistance eubacterial isolates. The 

genotypic method remains the gold standard for the detection of MBLs. Although 

genotypic method gives more reliable and satisfactory results phenotypic methods are a 

simple and inexpensive method for the detection of MBLs producers. Whatever but I have 

used both methods for the MBLs screening in this study. Several different and modified 

phenotypic and genotypic methods have been reported but in this study, I have used two 

different phenotypic and one multiplex PCR based genotypic methods for the detection of 

MBLs positive strain. 

1.2.5.1 Phenotypic Screening 

1.2.5.1.1 Carbapenemase inhibition test 

Replica plating method was employed for phenotypic screening of MBL positive 

isolates. Discrete colonies evident on imipenem (20 µg/ml) containing MHA plates were 

numbered serially (1, 2, 3.. n). Approximately, 50 ±10 random numbers (out of >150 

discrete colonies) were generated using a research Randomizer tool 

(https://www.randomizer.org). Colonies corresponding to the random numbers were then 

picked up with the help of sterile loop and transferred to the respective grids of the first 

generation master plates of MHA plates containing imipenem (20 µg/ml). The first 

generation master plates were then replicated on the EDTA impregnated (200µl of 50mM 

EDTA solution was used) imipenem (20 µg/ml) plates and incubated at 37ºC for 24 hrs. 

Isolates that did not show any growth on EDTA impregnated plates after proper incubation 

were considered as potential MBL producers. A schematic representation of the 

carbapenemase inhibition test method shown in Figure 1.4A.  

https://www.randomizer.org/
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Figure 1.4: Schematic representation of the phenotypic screening protocol for 

metallo-β-lactamase positive bacteria  

(a) Carbapenemase inhibition test (b) Carba NP-test 

1.2.5.1.2 Carba NP test 

Carba NP test was used for phenotypic screening of MBL positive isolates, CLSI 

recommends Carba NP test as a confirmatory test for detection of metallo-β-lactamases 

enzyme production in gram-negative bacteria. Carba NP test based on the principle of 

acidimetry has been previously described by Nordmann et. al., 2013. This test is based 

on in-vitro hydrolysis of imipenem antibiotics by bacterial carbapenemase enzyme which 

is detected by a change in pH value using the indicator phenol red and the colour of the 

tube turned red to orange or yellow. 
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For Carba NP test two solutions are required one for control (solution A) and 

another one for the experiment (solution B) condition. The solution A was prepared by 

adding phenol red (0.05%) and ZnSO4.7H2O (0.1 mmol/L) to sterile double distilled water; 

pH was adjusted to 7.8 ± 0.1, and the solution was stored at 4°C. The solution B was 

freshly prepared by adding 6 mg/ml imipenem powder (in case of imipenem + cilastatin, 

the amount of imipenem standard grade powder will be double 12 mg/ml) to solution A 

and stored at 4°C till it is used. 

For Carba NP test purified one loop imipenem resistant bacteria culture was taken 

from 18 to 24 hrs grown Luria agar plates and were resuspended in 100 μl solution A (tube 

labelled as A) and one loop bacterial culture were resuspended in 100 μl solution B (tube 

labelled as B) and vortex for 30 sec. after vortexing, both the sample tube were incubated 

at 37°C for 2 hrs. The test was considered positive when solution of tube A was become 

red and solution of tube B was orange/yellow. E. coli DH5α was used as a negative control 

and schematic representation of the Carba NP test method was shown in Figure 1.4B. 

1.2.5.2 Genotypic Screening 

Multiplex PCR was used for further confirmation of MBL positive phenotype of 

the isolates that did not grow on EDTA impregnated imipenem plates and gave positive 

results in Carba NP test. This reaction refers to the use of polymerase chain reaction to 

amplify different DNA targets (genes) simultaneously (as if performing many separate 

PCR reactions all together in one reaction). This process amplifies conserved DNA 

segments of different MBL genes using multiple primers and a temperature-mediated DNA 

polymerase in a thermal cycler. All carbapenems primers pairs have to be optimized so that 

all primer pairs can work at the same annealing temperature during multiplex PCR.  

The DNA templates for multiplex PCR amplification were prepared as described by 

(Chakraborty et. al., 2013). Phonotypic MBLs positive bacterial isolates were grown in 5 

ml LB in presence of ampicillin (50 μg/ml) at 37°C for overnight, then 1 ml of overnight 

bacterial culture was centrifuged at 6000 rpm for 10 minutes, and the supernatant was 

removed and wash the bacterial pellets. The equal volume of sterile double distilled water 

was added, and mixed with the vortex. The bacterial suspension was added to boiling water 
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bath for 10 minutes, then centrifuge at 6000 rpm for 5 minutes. Finally, the supernatant 

was used as a template for PCR amplification.  

Table 1.2: Primer used in multiplex PCR for different MBLs genes screening 

Target gene Primer 

Name 

Sequence (5' to 3') Amplicon size 

(bp) 

blaIMP IMP-F GGAATAGAGTGGCTTAAYTCTC 232 

IMP-R GGTTTAAYAAAACAACCACC 

blaSPM SPM-F AAAATCTGGGTACGCAAACG 271 

SPM-R ACATTATCCGCTGGAACAGG 

blaAIM AIM-F CTGAAGGTGTACGGAAACAC 322 

AIM-R GTTCGGCCACCTCGAATTG 

blaVIM VIM-F GATGGTGTTTGGTCGCATA 390 

VIM-R CGAATGCGCAGCACCAG 

blaOXA OXA-F GCGTGGTTAAGGATGAACAC 438 

OXA-R CATCAAGTTCAACCCAACCG 

blaGIM GIM-F TCGACACACCTTGGTCTGAA 477 

GIM-R AACTTCCAACTTTGCCATGC 

blaBIC BIC-F TATGCAGCTCCTTTAAGGC 537 

BIC-R TCATTGGCGGTGCCGTACAC 

blaSIM SIM-F TACAAGGGATTCGGCATCG 570 

SIM-R TAATGGCCTGTTCCCATGTG 

blaNDM NDM-F GGTTTGGCGGATCTGGTTTTC 621 

NDM-R CGGAATGGCTCATCACGATC 

blaDIM DIM-F GCTTGTCTTCGCTTGCTAACG 699 

DIM-R CGTTCGGCTGGATTGATTTG 

blaKPC KPC-Fm CGTCTAGTTCTGCTGTCTTG 798 

KPC-Fm CTTGTCATCCTTGTTAGGCG 

Eleven pairs of primers were designed to amplify conserved fragments of carbapenem 

resistance genes with sizes from 232 to 798 bp (Table 1.2). For the blaIMP, blaSPM, blaVIM, 

blaGIM and blaSIM genes, the primers used were those as previously  
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Table 1.3:  Multiplex PCR reaction mixture  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reaction mixture  

set-A 
Amount(l) 

      1X PCR buffer 

(1.5mM MgCl2) 

4.5 

dNTPs mix 1.5 

IMP-F (238 pmol) 2 

IMP-R (95 pmol) 5 

VIM-F (276 pmol) 1.8 

VIM-R (66.4 pmol) 7 

SPM-F (144.5 pmol) 3.5 

SPM-R (195.7 pmol) 2.5 

Taq polymerase (2U) 2 

DNA Template 10 

ddH2O 7.2 

Total reaction mixture 50 

 
Reaction mixture  

set-C 
Amount (l) 

1X PCR buffer 

(1.5mM MgCl2) 

4.5 

dNTPs mix 1.5 

AIM-F (137 pmol) 3.5 

AIM-R (259 pmol) 2.0 

GIM-F (202 pmol) 2.5 

GIM-R (292 pmol) 1.6 

SIM-F (227 pmol) 2 

SIM-R (109 pmol) 4.5 

DIM-F (142 pmol) 3.5 

DIM-R (103 pmol) 4.5 

DMSO 3 

Taq polymerase (2U) 2 

DNA Template 10 

ddH2O 7.2 

Total reaction mixture 50 

        

Reaction mixture 

 set-B 
Amount(l) 

1X PCR buffer 

(1.5mM MgCl2) 

4.5 

dNTPs mix 1.5 

NDM-F (303 pmol) 1.5 

NDM-R (131 pmol) 3.5 

KPC-F (268 pmol) 2 

KPC-R (169 pmol) 3 

BIC-F (223 pmol) 2 

BIC-R (195 pmol) 2.5 

OXA-F (183 pmol) 2.5 

OXA-R (94 pmol) 5 

Taq polymerase (2U) 2 

DNA Template 10 

ddH2O 7.2 

Total reaction mixture 50 
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described by Ellington et. al., 2007. Another set of primers blaKPC, blaNDM, blaAIM, 

blaDIM, blaBIC, and blaOXA-48 genes are designed by Poirel et. al., 2011 (Table 1.2). 3 

multiplex reactions were defined, with no. 1 including detection of blaIMP, blaVIM, and 

blaSPM, no. 2 including detection of blaNDM, blaKPC, and blaBIC, no. 3 including the 

detection of blaAIM, blaGIM, blaSIM, and blaDIM. The reaction mixture is shown in (Table 1.3 

A, B, & C). The PCR was done in a Veriti 96 well Thermal cycler (ThermoFisher 

Scientific). The PCR was done by following the thermal-cycle profile as shown in Figure 

1.5. The chemical used in PCR reaction were purchased from Genei labs and 

ThermoFisher Scientific.    

 

Figure 1.5: polymerase chain reaction setup for multiplex PCR 

After PCR amplification, 8 μl of the amplified DNA product was electrophoresis on 

a 2.0% (w/v) agarose (Seakem LE Agarose, Loanza) gel at 100V for one hour in 1X TAE 

buffer, and a 500 bp ladder (Promega, Medison, WI), was used as a molecular size marker. 

Gels were stained with ethidium bromide for visualization. 

1.2.6 Subculturing of MBLs positive strain using Luria broth 

After the genotypic screening, all the MBL positive colonies, every single colony 

obtained from the imipenem containing plates were subcultured onto the same type of 

plates. The subculture plates of MBL positive isolates were then stored at 4°C and used 

within a month of sub culturing.   
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1.2.7 Determination of oligotrophic nature of metallo-β-lactamases positive isolates 

For determination of oligotrophic nature of MBL positive strain, the inoculums 

were prepared by transferring a single colony of 24 hrs old cultures of MBL positive 

isolates into 10 ml sterile LB in 100 ml Erlenmeyer flask. The inoculated flask was 

incubated at 37°C for overnight at shaking incubator. The culture was harvested by 

centrifuging at 3000 rpm for 5 min at 4°C and washed twice with sterile distilled water to 

remove traces of media. The washed pellet was finally suspended in 1 ml sterile distilled 

water. Aliquots of 100 µl of concentrated (1 × 108 cells/ml) cell suspension (s) were added 

separately to 10 ml of 0.1X and 0.01X Luria Broth in 10 ml Erlenmeyer flasks. The flasks 

were incubated at 37°C (without shaking). Growth was observed continuously up to 48 hrs.  

1.2.8 Antibiotics susceptibility profile of metallo-β-lactamase producing strains from 

Mahananda and Karala Rivers 

1.2.8.1 Disk diffusion assay    

Disk diffusion assay of 15 metallo-β-lactamase positive isolates (7 isolates from 

Mahananda River and 8 isolates from Karala River) was done by Kirby-Bauer method 

(Bauer et. al., 1966). For disc diffusion assay, were using 22 different antibiotics disc 

(showing in table 2.1) and each antibiotic disc were dispensed on MH (Muller-Hinton) 

agar plates inoculated with different MBL positive strains. The impregnated disc 

containing a standard amount (concentration shown in table 2.1) of each of the antibiotics 

were placed on MHA plates seeded with the MBLs positive isolates. As the bacteria grow 

during overnight incubation, the antibiotics molecules diffuse into the agar medium. The 

resistance pattern of the test organism is proportional to the zone of inhibition produced by 

the antibiotics used. According to EUCAST breakpoint (EUCAST, 2013), an isolate is 

considered resistance or sensitive to the all 22 antibiotics used and zone size ranged of 

particular antibiotics shown in table 1.4. A reference strain of E. coli DH5α MTCC 1652 

was used as a negative control. 

For disc diffusion assay commercially available antibiotic discs (HiMedia Co., 

India) were used, which was shown in table 1.4. 
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Table 1.4: List of antibiotic discs and its concentration used in this study 

 

 

Antimicrobial 

category 

 

 

Antimicrobial 

agents 

 

 

 

Antibiotics 

abbreviation 

/ Disc 

concentration 

Interpretative Criteria 

Enterobacteriaceae Acientobacter 

spp. 

Pseudomonas 

spp. 

Sen-sitive Resi-

stant 

Sen-

sitive 

Res-

istant 

Sen-

sitive 

Res-

istant 

mm  

or more 

mm  

or 

less 

mm 

or 

more 

mm 

or 

less 

mm 

or 

more 

mm 

or 

less 

 

Aminoglycoside 

Amikacin AK30 17 14 18 15 18 15 

Tobramycin TOB10 15 12 17 17 16 16 

 

 

Carbapenems 

Doripenem DOR10 NA* NA NA NA 25 22 

Ertapenem ETP10 25 22 NA NA NA NA 

Imipenem IPM10 22 16 23 17 20 17 

Meropenem MRP10 22 16 21 15 24 18 

 

 

Cephalosporins 

Cefepime CPM30 24 21 19 19 19 19 

Cefotaxime CTX30 26 22 23 14 23 14 

Cefoxitin CX30 19 19 NA NA NA NA 

Ceftazidime CAZ30 21 17 21 17 21 17 

Ceftriaxone CTR30 23 20 21 13 21 13 

 

 

Fluroquinolones 

Ciprofloxacin CIP5 22 19 21 21 25 22 

Lomefloxacin LOM10 22 18 NA NA 22 18 

Levofloxacin LE5 22 19 18 15 20 17 

Ofloxacin OF5 16 12 16 12 16 12 

Glycylcyclines Tigecycline TGC15 18 15 18 15 18 15 

penicillins  Ampicillin  AMP10 14 14 NA NA NA NA 

Ticarcillin TI75 23 23 20 14 17 17 

Amoxyclav AMC30 19 19 NA NA NA NA 

penicillins + β-

lactamase 

inhibitors 

Piperacillin-

tazobactam 

PIT100/10 21 17 21 17 21 14 

Monobactam Aztreonam AT30 24 21 NA NA 50 16 

Polymyxins Colistin CL10 NA NA 11 10 11 10 

(*NA = Not Applicable) 
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1.2.8.2 Determination of minimal inhibitory concentration (MIC) 

As the isolation concentration for imipenem resistance in this study was 20 μg/ml, 

it was important to determine the resistance levels of isolated bacteria from both river 

water samples. The antibiotic susceptibility of the metallo-β-lactamase producing strains 

was quantified through minimum inhibitory concentration (MIC) determination by broth 

dilution method, as per EUCAST 2013 and CLSI guidelines and breakpoints (EUCAST, 

2013; Wayne, 2017). In addition, positive reference strains Klebsiella pneumoniae 

producing NDM-1 and negative reference strain of E. coli DH5α MTCC 1652 were 

included. MICs of a different group of antibiotics (β-lactams, aminoglycosides, 

cephalosporins, carbapenems, chloramphenicol, fluoroquinolone, sulfonamides, and 

tetracycline) were determined by a standard broth macro dilution method, in Mueller-

Hinton broth, following CLSI guidelines and breakpoints (Wayne, 2017). The test tube 

was prepared and incubated for 24 hrs at 37°C. The inoculums used per experiment was 

104 to 105 cells /ml. MIC was determined as the lowest concentration of antibiotics that 

completely inhibited growths of the MBL producing bacterial strain in the test tube, and 

bacterial growth  detected by turbidity measurements.  

1.2.9 Study of metallo-β-lactamase activity  

The metallo-β-lactamse (blaNDM-1) activity in bacterial isolates was confirmed by 

the micro-broth-dilution method, in Mueller Hinton broth. It is based upon the comparative 

MIC values of carbapenem (imipenem and meropenem) and cephalosporin (cefepime and 

ceftazidime) were also determined in the presence of 0.4 mM EDTA and absence of 

EDTA. The test tube was prepared with Mueller Hinton broth, antibiotics, EDTA and 

MBL producing bacterial cells and test tube incubated for 24 hrs at 37°C. The inoculum 

used per experiment was 104-105 cells/ml. The metallo-β-lactamase activity was 

determined as the lowest concentration of antibiotics with fixed concentration of metal 

chelating agent that completely inhibited growths of the MBLs producing bacterial strain 

in the test tube, and bacterial growth detected by turbidity measurements. To validate the 

effect of EDTA or to serve as a control experiment, MBL positive strain were grown in 

antibiotic-free Luria broth with or without 0.4 mM EDTA (Figure A1.5 and A1.6).  
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1.2.10 Statistical analysis 

Statistical analysis (significance tests), including the t-test and standard deviation 

were done using GraphPad Quick Calcs (https://www.graphpad.com) and Excel 2016 

respectively. The t-test is used to compare whether there are significant differences 

between two independent variables (imipenem resistance bacterial population). Differences 

between variables are considered statistically significant when the P value is ≥ 0.05 

(Mathew & Farewll, 2007) 

1.3 Results and discussion 

1.3.1 Isolation and enumeration of imipenem resistant bacteria from Mahananda and 

Karala Rivers 

The abundance of imipenem resistant bacteria in the both river water was 

investigated using culture-based approaches. Water samples were taken from three 

different sites of each river. Four river water samples from each sampling site were 

collected [two samples were collected before the monsoon season (March 2015 and April 

2015) and two samples were collected after the monsoon season (November 2015 and 

December 2015)]. Water samples from three different sites of Mahananda River (SSM I, 

SSM II and SSM III) and Karala River (SSK I, SSK II and SSK III) were taken from 2-3 

meters from both riverbank, at a depth 6 inch below the surface of the water. The samples 

were serially diluted and 100 μl aliquots were plated onto Luria agar plates supplemented 

with imipenem (20 μg/ml). We have used 20 μg/ml imipenem concentration for isolation 

of imipenem resistant bacteria from river water and it has a higher concentration than the 

prescribed concentration (8 μg/ml) as per German DIN 58940 standard (Farzana et. al., 

2013) because the earlier study was showing that only 6.5 % of the total MBL-producing 

isolates exhibited ≤ 8 µg/ml MIC towards imipenem; whereas 87% exhibited MIC values ≥ 

32 µg/ml so we used a compromise concentration in between 16 and 32 µg/ml imipenem 

in Luria agar plates for obtaining more number of MBL positive isolates from the pool of 

imipenem-resistant bacteria isolated from the river water samples.  

Total twenty-four water samples [2 rivers × 3 sites on individual river × 4 times 

sampling (1 composite sampling from each site)] were collected. Numbers of imipenem 

resistant cultivable bacteria were determined after 24 hrs. The data on the total number of 

https://www.graphpad.com/
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culturable imipenem resistant bacteria of both rivers (Mahananda and Karala) in different 

sampling times for three sampling sites are shown in Figure 1.6 and Table A1.1.  

Maximum numbers of culturable imipenem resistant bacteria in both rivers 

(Mahananda and Karala) were detected in water samples of April 2015 (before the 

monsoon session) and minimum numbers were detected in fourth and last sampling times 

December 2015 (during winter session).  

 

 

Figure 1.6: Total culturable imipenem resistant bacteria isolated from Mahananda  

         and Karala River water from Siliguri and Jalpaiguri, West Bengal, India 

Total No. of imipenem resistance bacterial isolates from three different sampling sites: SSM I, SSM II, SSM 

III and SSK I, SSK II, SSK III of Mahananda and Karala River respectively. Two sampling was performed 

before the monsoon and two sampling was performed after the monsoon. 

1.3.1.1 Variation in the number of culturable imipenem resistant bacteria isolated 

from three sampling sites on Mahananda River  

In all three sampling sites, the highest no. of imipenem resistant bacteria in 

Mahananda River water (mean 6.5×103 ±SD 1032.55 CFU/ml) (Table A1.2) was detected 

in SSM II (Midstream) (Figure 1.3). While the lowest numbers were detected in SSM I 

(upstream) (mean 8.3×102 ±SD 117.57 CFU/ml) (Table A1.2) which had significantly 

lower numbers of imipenem resistant bacteria than in sampling point SSM II and SSM III 

(Table 1.5). Significant variation in the number of culturable imipenem resistant bacteria 

(Mahananda river isolates) between individual sampling points was identified using the t-

test.  
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Figure 1.7: Mean total imipenem resistant bacteria isolated from each sampling site 

on Mahananda and Karala River of Siliguri and Jalpaiguri, West Bengal,  

India 

Mean values ±SD are shown (n=4)  

Table 1.5: Pairwise comparison using the t-test showing variation between numbers 

of culturable imipenem-resistant bacteria between individual sampling 

sites of each river 

Pairwise comparison (Sampling site vs. Sampling site)  P value 

Mahananda River 

SSM I vs. SSM II 0.0332 

SSM I vs. SSM III 0.0470 

SSM II vs. SSM III 0.5768 

Karala River 

SSK I vs. SSK II 0.0086 

SSK I vs. SSK III 0.0084 

SSK II vs. SSK III 0.0630 

Significant P value ≤ 0.05 are marked in bold 
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1.3.1.2 Variation in the number of culturable imipenem-resistant bacteria isolated 

from three sampling sites on Karala River 

The number of culturable imipenem-resistant bacteria in Karala River water was 

highest in SSK III (downstream) (mean 1.05×104 ±SD 1090.07 CFU/ml) (Table A1.2) 

While the lowest number was detected in SSK I (upstream) (mean 8.7×102 ±SD 23.63 

CFU/ml) (Table A1.2) (Figure 1.7) which had significantly lower numbers of imipenem-

resistant bacteria than in sampling point SSK II and SSK III (Table 1.5). Significant 

variation in the number of culturable imipenem-resistant bacteria (Karala River isolates) 

between individual sampling points was identified using the t-test.  

1.3.1.3 Variation in the number of culturable imipenem resistance bacteria isolated 

from both Mahananda and Karala Rivers 

Comparing the both river overall, the mean numbers of imipenem-resistant 

bacterial counts were slightly higher in the Karala River water than in Mahananda River 

water and no significant variation were detected in bacterial counts between both river 

water samples (P=0.5198) using the t-test (Figure 1.8). 

 

Figure 1.8: Mean total imipenem resistant bacteria isolated from Mahananda and 

Karala Rivers in West Bengal, India 

Mean values ±SD are shown (n=12) 
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1.3.2 Screening of metallo-β-lactamase-producing eubacterial strains from isolates 

demonstrating imipenem resistance 

A total 665 and 832 imipenem-resistant bacterial isolates were randomly selected 

from total 1,593 and 1,237 imipenem resistant bacteria isolates from Mahananda and 

Karala River water samples for phenotypic screening of MBL positive isolates (Table A1.3 

and A1.4).  

1.3.2.1 Phenotypic screening  

1.3.2.1.1 Carbapenemase inhibition test  

A total of 665 and 832 imipenem-resistant bacterial isolates were randomly 

selected from Mahananda and Karala River water samples for phenotypic screening of 

MBL positive isolates using replica plate method. Primarily, 5.26% (35) of imipenem-

resistant bacterial isolates from Mahananda River and 4.68% (39) from Karala River were 

unambiguously selected as MBL positive strains as they did not show any growth on 

EDTA impregnated imipenem plates (Figure A1.1 and A1.2).  

 1.3.2.1.2 Carba NP test 

The Carba NP test is a biochemical test for the rapid detection of metallo-β-

lactamse production in gram-negative bacteria. We used 35 and 39 isolates for the Carba 

NP test from Mahananda and Karala River respectively, which did not show any growth on 

EDTA impregnated imipenem plates. Out of 35 from Mahananda River, seven isolates 

were detected as positive in Carba NP test and out of 39 isolates from Karala River, eight 

was detected as positive in Carba NP test (Figure 1.9). 
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Figure 1.9: Carba NP test results of Mahananda and Karala River MBLs Positive 

isolates. 

(Only positive result are shown in this figure) 

1.3.2.2 Genotypic screening of phenotypically-ascertained MBL-positive eubacterial 

strains using multiplex PCR 

Multiplex PCR was used to detect MBL genes within phenotypically ascertained 

MBL positive isolates.  Out of 35 phenotypically ascertained MBL-positive bacteria 

isolated from Mahananda River, blaNDM gene was detected in 7 (20 %) isolates only 

(Figure 1.10a).  20.51 % (8 out of 39 isolates) phenotypically ascertained MBL positive 

isolates from Karala River had blaNDM and 2.56 % (1 out of 39 isolates) had blaVIM genes 

(Figure 1.10b). Remarkably, MBL positive strains were obtained only from imipenem-

resistant bacteria isolated from midstream waters of both the rivers, and conspicuously 

absent in isolates of up-and downstream of both the rivers. 
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Figure 1.10: Agarose gel electrophoresis of multiplex PCR amplified MBLs genes and 

loaded on 2% agarose gel  

(a) lane M: molecular marker (100 bp), Lane MR 02, MR15, MR26, MR29, MR40 and MR41: PCR 

amplification of blaNDM (621 bp) from Mahananda River isolates. (b) Lane M: molecular marker, Lane 

MR24, KR01, KR04, KR07, KR22, KR23, KR26 and KR29: PCR amplification of blaNDM (621 bp) from 

Mahananda and Karala Rivers isolates. Lane KR25: PCR amplification of blaVIM (271 bp) from Karala River 

isolates.  
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1.3.3 Determination of the oligotropic nature of metallo-β-lactamase-positive isolates  

Facultative oligotrophic bacteria have the flexibility to grow in less as well as the 

nutrient-rich media. For the detection of the facultative oligotrophic nature of MBLs 

producing strains, all MBL positive isolates grown in 0.1X and 0.01X Luria broth and 

growth was observed after 24 hrs of incubation. Except KR29, all the MBL-positive 

isolates have shown good growth in 0.1X LB. The growth-response was different in 0.01X 

LB where five isolates (KR07, KR22, KR23, MR15, and MR20) grew well, four (KR01, 

KR04, MR40, and MR41) grew fairly and the rest have shown poor growth; (Table 1.6). 

We have classified the growth results into ‘good’, ‘fair’ and ‘poor’ growth in terms of the 

range of O.D600 values obtained for bacterial cultures after 24 h of incubation; 0.5 – 1.0, 

good; 0.2 – 0.45, fair; and 0.05 – 0.15, poor. 

Table 1.6: Determination of the oligotrophic nature of all MBL-positive bacterial 

isolates in 0.1X and 0.01X Luria Broth 

Strain name 0.1X LB 0.01X LB 

KR01 +++ ++ 

KR04 +++ ++ 

KR07 +++ +++ 

KR22 +++ +++ 

KR23 +++ +++ 

KR25 +++ + 

KR26 + + 

KR29 + + 

MR02 +++ +++ 

MR15 +++ +++ 

MR24 +++ + 

MR26 +++ + 

MR29 +++ ++ 

MR40 +++ ++ 

MR41 +++ ++ 

(+++: Good growth, ++: Fair growth, +: Poor growth). 
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1.3.4 Antibiotics susceptibility profile of metallo-β-lactamase producing strains from 

Mahananda and Karala Rivers  

Metallo-β-lactamse producing isolates were chosen for further study. A total 15 

isolates (6 from Mahananda and 8 from Karala River) were characterized by phenotypic 

method (this chapter) and molecular methods (chapter 2). The identification of metallo-β-

lactamase producing isolates was done by 16S rRNA sequencing, which is reported in 

chapter 2.  

1.3.4.1 Disk diffusion assay   

Among these 15 MBL producing isolates two isolates MR 02 and MR15 from 

Mahananda River and two isolates KR22 and KR23 from Karala River were demonstrated 

prominent resistance against 22 different antibiotics belonging to different antibiotic 

groups in disk diffusion test. The zone of inhibition of 22 different antibiotics is 

demonstrated in Figure A1.3 and A1.4 and zone diameter was represented in table 1.7 and 

table 1.8 for Mahananda and Karala River MBL isolates respectively. Zone diameter 

interpretive standard for Enterobacteriaceae, Acinetobacter and Pseudomonas spp. were 

followed according to the CLSI and EUCAST guidelines (Table 1.4). Three isolates KR04, 

KR26 and KR29 are showing sensitive against fluroquinolones antibiotics group; 

Levofloxacin and ofloxacin, sensitive pattern represented by light green color. Four 

isolates MR26, MR29, MR40 and MR41 showing intermediate resistance pattern against 

two antibiotics levofloxacin, ofloxacin and intermediate resistance pattern represented in 

table light pink colour and resistance pattern were represented by light brown color. 

Isolates KR25, KR26 and KR29 are showing a sensitive pattern against colistin antibiotics. 
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Table 1.7: Antibiotic susceptibility test results using disk diffusion methods for MBL 

producing isolates from Mahananda River 

Antimicrobial 

category 

Antimicrobial 

agents 

Average zone diameter  in mm 

MR02 MR15 MR24 MR26 MR29 MR40 MR41 

Pseudomonas 

spp. 

Myroids 
*sp. 

Acinetobacter spp. 

Aminoglycoside Amikacin 10  10  10 6  0  7  12 

Tobramycin 7 7 0 0 0 13  0 

 

Carbapenems 

Doripenem 0 0 15 NA NA NA NA 

Ertapenem NA NA 13 NA NA NA NA 

Imipenem 10  10 18 17 17 13 13 

Meropenem 0 0 16 14 14 14 14 

 

 

Cephalosporins 

Cefepime 0 0 13 16  13 10 14 

Cefotaxime 0 0 13 12 11 10 18  

Cefoxitin NA NA 12 NA NA NA NA 

Ceftazidime 0 0 8 13 0 0 10 

Ceftriaxone 0 0 8 14  10 9 15  

 

Fluroquinolones 

Ciprofloxacin 0 0 16 19  17 11 20 

Lomefloxacin 0 0 14 NA NA NA NA 

Levofloxacin 0 0 18 20 (S) 17(S) 17(S) 19(S) 

Ofloxacin 0 0 16 NA NA NA NA 

Tetracycline Tigecycline NA NA 14 13 15 14 15 

 

Penicillins 

Ampicillin  NA NA 12 NA NA NA NA 

Ticarcillin 0 0 14 18 9 14 16 

Amoxyclav NA NA 13 NA NA NA NA 

Penicillins + β-

lactamase 

inhibitors 

Piperacillin-

tazobactam 

13 13 20 20 18 11 21 

Monobactam Aztreonam 0 0 12 NA NA NA NA 

(No guide line for Myroids sp. ‘Red brown’ Resistance, ‘light pink’ Intermediate, and light 

green’ Sensitive, NA= Not Applicable)  
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Table 1.8: Antibiotic susceptibility test results using disk diffusion methods for MBL 

producing isolates from Karala River. 

Antimicrobial 

category 

Antimicrobial 

agents 

Average zone diameter  in mm 

KR01 KR04 KR07 KR22 KR23 KR25 KR26 KR29 

Proteus 

spp. 

Escherichia spp. Pseudomonas 

sp. 

Acinetobacter 

spp. 

Aminoglycoside Amikacin 0 0 0 14 0 13 18 18 

Tobramycin 0 8 0 9 0 12 18 22 

 

Carbapenems 

Doripenem NA NA NA NA NA 0 NA NA 

Ertapenem 11  13  10 0 0 NA NA NA 

Imipenem 13 13 17 0 12 9 17 17 

Meropenem 11 13 17 7 8 0 13 16 

 

 

Cephalosporins 

Cefepime 0 8 0 0 0 0 11 11 

Cefotaxime 20 20 18 0 0 0 14 0 

Cefoxitin 14 12 14 0 0 NA NA NA 

Ceftazidime 0 0 0 0 0 0 0 0 

Ceftriaxone 14 8 8 0 0 0 10 10 

 

 

Fluroquinolones 

Ciprofloxacin 17 17 18 0 0 12 17  17 

Lomefloxacin 11 10 11 0 0 0 NA NA 

Levofloxacin 0  20 0 8 0 0 20 31 

Ofloxacin 0  16 12 0 0 0 19 18 

Tetracycline Tigecycline 0 9 14 0 0 NA 26 25 

 

Penicillins 

Ampicillin 10 0 17 0 0 NA NA NA 

Ticarcillin 0 9 14 0 0 0 14 14 

Amoxyclav 13 20 11 0 0 NA NA NA 

Penicillins + β-

lactamase 

inhibitors 

Piperacillin-

tazobactam 

13 21 25 0 0 0 22 36 

Monobactam Aztreonam 0 12 18 0 0 0 NA NA 
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1.3.4.2 The MIC of MBL-positive isolates 

Antimicrobial susceptibility testing revealed that all the 15 MBL producing isolates 

from both river exhibited resistance to ten different groups of antibiotics when compared 

with the CLSI guideline. MICs results for individual Mahananda and Karala River isolates 

are shown in Table 1.9 and Table 1.10 

After identifying the MICs of seven MBL producing Mahananda River isolates, it 

was found that the MIC to imipenem among these isolates ranged from between 64 to 160 

µg/ml and the MIC to meropenem are ranging between 100 to 650 µg/ml. MR26 and 

MR29 showing less MICs value against all the antibiotics in respect to other isolates. MR 

02 bacterial strain showing unexpected high MICs value against 11 different classes of 

antibiotic group which is used in this study. The highest MICs value was observed in all 

the 7 MBL-positive isolates of Mahananda River against the ampicillin antibiotic.    

The MICs of eight MBL producing Karala River isolates were determined. The 

MICs to imipenem among these isolates ranged from between 8 to 2700 µg/ml. the highest 

MIC value against the imipenem were recorded in KR22 strain and lowest value recorded 

in KR29 strain. KR22 bacterial strain was showing high MIC value against all the 

antibiotics which used in this study and KR29 showing low MICs value among these 

isolates. Two Karala River MBL-positives isolates KR22 and KR23 showing unexpected 

high MICs value against 11 different classes of antibiotic group which is used in this study. 

The highest MICs value was also observed in all Karala River MBL-positive isolates 

against the ampicillin antibiotic.  

In MICs test, all the 15 MBL-positive isolates showing MIC value above the 

resistance cut value. 
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Table 1.9: Minimal inhibitory concentration of MBL producing isolates from   

Mahananda River 

Antimicrobial 

category 

Antimicrobial 

agents 

MIC (μg/ml) 

MR 02 MR15 MR24 MR 26 MR29 MR40 MR41 

Aminoglycosides Neomycin 600 600 16 32 32 64 8 

 

Carbapenems 

Imipenem 160 160 80 80 80 64 100 

Meropenem 650 650 100 400 400 200 300 

Extended-

spectrum 

cephalosporins 

Cefepime 1600 1600 800 600 600 600 1200 

Ceftazidime 1600 1600 800 800 800 800 1600 

 

Fluoroquinolones 

Levofloxacin 600 600 8 8 8 128 64 

Ciprofloxacin 750 750 8 8 8 512 512 

Folate pathway 

inhibitors 

Trimethoprim 256 256 256 1500 1500 512 512 

Macrolides Azithromycin 512 512 512 512 512 512 512 

Penicillins Ampicillin >10000 >10000 2900 1000 1000 2100 5000 

Penicillins + β-

lactamase 

inhibitors 

Piperacillin/ 

Tazobactam 

 

≥5000 

 

≥5000 

 

800 

 

900 

 

900 

 

800 

 

2600 

Phenicols Chlorampheni-

col 

750 750 32 4 4 16 32 

Tetracyclines Tetracycline 512 512 32 32 32 16 32 

Polymyxins Colistin 64 64 32 16 16 32 32 
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Table 1.10: Minimal inhibitory concentration of MBL producing isolates from Karala 

River 

Antimicrobial 

category 

Antimicrobial 

agents 

MIC (μg/ml) 

KR01 KR04 KR07 KR22 KR23 KR25 KR26 KR29 

Aminoglycosides Neomycin 256 256 256 512 256 512 16 16 

 

Carbapenems 

Imipenem 800 200 315 2700 1750 800 150 8 

Meropenem 900 512 512 3400 2200 1200 100 16 

Extended-

spectrum 

cephalosporins 

Cefepime 6500 7000 5500 7000 4000 3000 2000 200 

Ceftazidime 8000 9000 7000 9000 8000 5500 3000 300 

 

Fluoroquinolone

s 

Levofloxacin 32 16 128 128 128 128 8 8 

Ciprofloxacin 128 128 64 64 64 64 8 8 

Folate pathway 

inhibitors 

Trimethoprim 5000 >5000 >5000 >5000 >5000 3000 5000 4000 

Monobactams Azithromycin 3000 2000 6000 3000 2000 2000 32 64 

Penicillins Ampicillin >1000

0 

>10000 >10000 >10000 >10000 7000 5000 3000 

Penicillins + β-

lactamase 

inhibitors 

Piperacillin/ 

Tazobactam 

 

6000 

 

6000 

 

3000 

 

9000 

 

4000 

 

2800 

 

800 

 

256 

Phenicols Chlorampheni

-col 

128 128 128 256 256 16 16 64 

Tetracyclines Tetracycline 128 128 128 128 128 8 16 64 

Polymyxins Colistin 1024 1024 256 256 256 64 64 64 

1.3.5 Study of metallo-β-lactamase activity 

The MBLs activities were determined by the micro dilution method in the presence 

and absence of EDTA. The MIC values of carbapenem (imipenem and meropenem) and 

cephalosporin (cefepime and ceftazidime) were determined in the presence of 0.4mM 
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EDTA to demonstrate the reduction in the blaNDM and blaVIM activity due to metal 

chelating.  

The sub-inhibitory concentration of EDTA further reduced the MIC values of 

Mahananda River MBL producing isolates; MR 02/MR15, MR24, MR26, MR29, MR40 

and MR41 by 20, 160, 320, 320, 8 and 12 folds for imipenem, 5, 100, 100, 100, 3 and 18 

folds for meropenem 2, 75, 800, 800, 36 and 75 folds for cefepime and 2.5, 75, 200, 200, 

50 and 100 folds for ceftazidime antibiotic respectively. Whereas in the case of MR 

02/MR15, MR40 and MR41 the MIC values were reduced but the resistant pattern 

remained unshakable for carbapenem (imipenem and meropenem) and cephalosporin 

(cefepime and ceftazidime). The MIC value of Mahananda River MBL producing isolates 

in the presence and absence of EDTA represented through bar graph in Figure 1.11.
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Figure 1.11: MBL activity detection in Mahananda river MBL producing isolates 

The sub-inhibitory concentration of EDTA further reduced the MIC values of 

Karala River MBL producing isolates; KR01, KR04, KR07, KR22, KR23, KR25, KR26 

and KR29 by 16, 4, 2, 1.7, 1.7, 400, 75 and 8 folds for imipenem, 28, 3.9, 9, 2.1, 2.1, 150, 

100 and 16 folds for meropenem 2, 1.6, 1.7, 3.2, 2, 750, 500 and 50 folds for cefepime and 

4, 3.4, 1.3, 1.5, 1.3, 750, 375 and 37.5 folds for ceftazidime antibiotic respectively. 

Whereas in the case of KR01, KR04, KR07, KR22 and KR23 the MIC values were 

reduced but the resistant pattern remained unshakable for carbapenem (imipenem and 

meropenem) and cephalosporin (cefepime and ceftazidime) but in case of KR25, KR26 

and KR29 the MIC values were reduced to equal of resistance cutoff level or below cutoff 

level and resistance pattern were converted into sensitive type. The MIC value of Karala 

River MBL producing isolates in the presence and absence of EDTA represented also 

through a bar graph in Figure 1.12. 

Therefore, in summary, the metallo-β-lactamase activity indicate that four MBL 

producing isolates MR 02, MR15, MR40 and MR41 from Mahananda river and five MBL 

producing isolates KR01, KR04, KR07, KR22 and KR23 from Karala river have extra 

antibiotics resistance gene than NDM which is helping in to increasemeant of the MIC 

values of carbapenem and cephalosporin group of antibiotic.     
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Figure 1.12: MBL activity detection in Karala River MBL producing isolates  

MIC value of two cephalosporin cefepime (CPM), Ceftazidime (CAZ) and two carbapenem Imipenem 

(IMP), Meropenem (MRP) antibiotics in the presence and absence of metal chelator EDTA (0.4mM) and the 

MIC value expressed in µg/ml 

1.4 Conclusion 

Several conclusions can be drawn from this study and our study showed that 

carbapenemase-producing bacteria are present in both rivers water. The blaNDM producing 

strain was widely distributed in both river water samples. The lowest numbers of culturable 

imipenem-resistant bacteria were detected in a less populated area (SSM I and SSK I) in 

both rivers. All the MBLs producing strain were detected in the most populated area (SSM 

II and SSK II) where dumping mostly treated and untreated city wastewater and clinical 
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wastes. Overall the current results support the hypothesis that city-waste polluted rivers 

might represent an important reservoir.   

We assessed various methods for the screening of MBLs producing strain from 

imipenem-resistant bacteria and showed that the multiplex PCR method was the most 

sensitive for the detection of MBL genes in culturable imipenem-resistant river water 

isolates. Conversely, all three methods had similar sensitivities for the screening of MBLs 

producing strain in river water isolates.  

The overall comparative analysis of both rivers, no significant variation was 

observed in the mean number of culturable imipenem resistant bacterial counts. We can 

detect some factors which affect the occurrences of culturable imipenem-resistant bacteria 

in water environments. However, as there were raining events and winter temperature drop 

down takes place, our power to detect an effect was limited. These findings can be utilized 

in the future to improve efficiency in detection of imipenem-resistance bacterial detection 

in water environments. 

On the basis of this study, we can conclude that hospital waste and municipal 

effluents are the main players to increase pollution and antibiotics resistance in bacteria 

present in river water environments.    

  

 

 

 

 

 

 

 

 


