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ABSTRACT  

Background: The co-existence of MBL and ESBL in Gram-negative bacteria poses greater risk 

in public health and limit the range of treatment choices, even with β-lactams which is the most 

widely used class of antibiotics. Untreated wastewater from hospitals increasing the opportunities 

to transfer the antibiotics resistance gene between pathogens which ultimately reach communities 

and poses health risks. Metallo-β-lactamase (MBL), that is one type of carbapenems enzyme, 

exhibit the ability to inactivate all classes of β-lactams antibiotics. With discovering of blaNDM-1 

gene, a novel β-lactamase, produced the New Delhi Metallo- β-lactamase, poses a larger threat as 

this gene usually found along the side of other genes that provide resistance to almost all 

antibiotics. This blaNDM-1 gene is easily transferable between Enterobacteriaceae. ESBL is another 

commonly found enzyme of Enterobacteriaceae that inactivate cephalosporins and monobactams. 

Both these genes are important to be identified and prevention of their spread. 

Materials and Methods: Wastewater samples were collected from 18 sites in Dhaka and 

transferred to the laboratory. Bacterial cultures were grown on selective agar media for isolation 

of Klebsiella pneumoniae. Antibiotic resistance profiles of colonies were determined with Kirby-

Bauer disc diffusion testing with PCR identification of MBL encoding genes, blaNDM-1, and blaIMP, 

as well as ESBL encoding genes, blaSHV, blaTEM, and blaCTX-M. 

Results: From this study it can be perceived that, 29.88% of Klebsiella pneumoniae which were 

either imipenem or meropenem resistant or both of antibiotic resistant, most of them carried the      

blaNDM-1 or blaSHV gene which is the most common gene responsible for coding the MBL & ESBL 

enzyme known as Metallo-beta-lactamase that makes bacteria resistant to a broad range of beta-

lactam antibiotics.   

Keywords: Metallo-beta-lactamase; Extended spectrum-beta-lactamase; Carbapenem, blaNDM-

1; Wastewater; Antibiotics  
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Chapter 1 

Introduction 

One of the most often used antimicrobial agents is Beta-lactam antibiotics. Penicillin binding 

proteins (PBPs), also known as transpeptidase enzymes, which are necessary for the formation of 

the peptidoglycan layer of the bacterial cell wall, are inhibited by these antibiotics (Sauvage E et. 

Al, 2008). Gram-negative bacteria that produce Metallo-β-lactamase and Extended spectrum-β-

lactamases (MBL and ESBL) can cause infections that are particularly severe due to the antibiotic 

resistance they confer (Qamar M. U.e et al, 2012). Even with β-lactams, the most widely used 

antibiotics, the co-existence of MBL and ESBL genes into these pathogens might further restrict 

treatment choices (Ahmed O. B. et al, 2021). Inadequately treated wastewater, specifically from 

hospital sources, increases the chance that these microbes may exchange genes that make them 

resistant to antibiotics, as well as the danger that they will spread throughout the environment and 

eventually reach populations (Vaz-Moreira I. et al, 2014).  

One type of Carbapenemase enzyme known as MBL may convert all classes of β-lactam 

antibiotics inactive, including last-resort carbapenems, except for monobactams (Chaudhary U. et 

al, 2004). The identification of the blaIMP gene in clinically isolated samples led to the discovery 

of MBLs (Rupp M. E. et al, 2012). A greater risk poses with the discovery of the blaNDM-1 gene 

that generated the New Delhi Metallo-β-lactamase-1 enzyme, a novel β-lactamase that often 

detected with other genes that made bacteria resistant to almost all antibiotics. The blaNDM-1 gene 

is widely transferrable between Enterobacteriaceae and is most frequently detected in Klebsiella 

pnuemoniae (Brolund A. et al, 2014).  

Cephalosporins and monobactams like aztreonam can be rendered inactive by ESBL enzymes, 

which are most frequently detected in Enterobacteriaceae (Plazkill T. et al, 2012). Although ESBL 

organisms were initially been of either of the TEM or SHV types, CTX-M type enzymes are 

currently the most frequently seen in clinical situations (Laraki N. et al,2010).  

The public's health is at risk from MBLs and ESBLs, thus it's significant to identify and restrict 

their environmental spread. India-originated NDM-1 has already spread over the world and poses 

a serious risk of spreading to nearby nations like Bangladesh (Kumarasamy K. K. et al, 2010). 

Both MBL and ESBL-producing bacteria are present throughout the country, according to earlier 

research on wastewater, with increased prevalence found adjacent to hospitals and towns with 

access to healthcare facilities (Adnan N. et al, 2013).  

The current investigation seeks to identify the current prevalence and describe the antibiotic 

resistances of ESBL and Carbapenemase-producing K. pneumoniae in wastewater from several 

community areas of Dhaka, Bangladesh. Additionally, it intends to confirm the molecular presence 

of MBL determinants, blaNDM-1, blaIMP, as well as ESBL genes, blaSHV, blaTEM, and blaCTX-M, and 

confirm their co-existence patterns within the resistant isolates. 



9 
 

 

Chapter 2 

2.Materials and Methods 

2.1. Sample Collection and Processing 

A total of 36 samples of wastewater were collected from 4 cluster areas, consisting of 18 sampling 

sites, within the Dhaka Metropolitan Area, Bangladesh. The samples were taken from open surface 

sewer drains and natural drainage canals linked to the city's rivers and lakes (Cahill N. et al, 2019). 

A minimum of 200ml of each sample was collected in sterile 500ml containers by lowering into 

the wastewater collection points, a process as described by Cahill et al (Tille P. M. et al,2022). 

These were immediately transported to the laboratory, where it was centrifuged to remove debris 

and kept at 4℃ prior to microbiological and molecular analysis. 

2.2. Bacterial Isolation 

Samples were serially diluted and plated onto HiCrome™ ESBL Agar using spread plate 

technique, kept for incubation at 37℃ for 24 hours. Isolates were preliminarily identified based 

on colony morphology. HiChrome ESBL (ESBL product sheet) was used to differentiate 

Klebsiella pneumoniae as bluish-green colonies (Devi et al, 2021). A total of 87 isolates were 

selected for Klebsiella pnuemoniae (n=87), with the species' identity further confirmed by standard 

biochemical testing (Hudzicki J.  2009). 

2.3. Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility of the 87 isolates was tested using the Kirby-Bauer Disk Diffusion 

method (Lewis II J. S., 2022). Antibiotic discs were used for Gentamicin (10 μg), Amoxycillin (30 

μg), Piperacillin/Tazobactam (100/10 μg), Imipenem (10 μg), Meropenem (10 μg), Ciprofloxacin 

(5 μg), Norfloxacin (10 μg), Amikacin (30 μg), Cefepime (30 μg), Azithromycin (15 μg), and 

Colistin (10 μg), (ref to the company). The tested isolates were classified as sensitive (S), 

intermediate (I), and resistant (R) based on inhibition zone measurements in accordance with 

Clinical Laboratory Standards Institute (CLSI) 2020 as shown in Table 1 (Gales A C. et al, 2001). 

Colistin resistance was determined at zone diameter ≤11mm and sensitive at ≥14mm (a limitation 

is that these parameters may be subject to error) (Galani I. et al, 2008) 
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Table 01: Zone diameters for antibiotics used for Klebsiella pneumoniae isolates according to 

CLSI  

                  

2.4. Phenotypic Selection of Carbapenemase and ESBL producers 

Carbapenemase production was detected by a resistance to imipenem and meropenem antibiotics 

according to CLSI standards as shown in Table 1. The resistant isolates were selected for further 

analysis. Isolates were cultured onto HiChrome ESBL agar, containing supplements to 

differentiate ESBL-producing organisms. Isolates showing growth were suspected to produce 

ESBL enzymes.  

2.5. Extraction of DNA from the Resistant spp. 

For the extraction of the resistant bacterial DNA, ‘Boiling method’ was performed due to its 

simplicity, cost effectiveness and short handling time. The resistant bacterial species were grown 

in LB broth overnight which later went through a series of centrifugation and washing steps before 

finally the cells were incubated at 95°C for 15 minutes, and immediately cooled on ice for 10 

minutes. The DNA rich supernatant was collected and stored at -20℃. 

2.6. PCR assays 

DNA extraction was carried out for all suspected carbapenemase and ESBL-producing isolates. 

These were further examined through gene amplification by conventional PCR method and 

identification through gel electrophoresis for MBL encoding genes, blaNDM-1, and blaIMP, as well 

as ESBL encoding genes, blaSHV, blaTEM, and blaCTX-M. Primers used for the study have been 

detailed in Table 02. 
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Primer 

target type 

Target gene sequence size reference 

 

ESBL 

blaTEM TEM-F 5’ 

AAAATTCTTGAAGACG-3’ 

TEM-R 5’ 

TTACCAATGCTTAATCA-3’ 

1073 Hayat S. et al, 

2019 

 

blaSHV SHV-F 5'-

TACCATGAGCGATAACAGCG-

3' 

SHV-R 5'-

GATTTGCTGATTTCGCTCGG-

3' 

450 Doosti A. et 

al. 2015 

 

blaCTX-M CTX-M F 5’-

ACGCTGTTGTTAGGAAGTG-3’ 

CTX-M R 5’-

TTGAGGCTGGGTGAAGT-3’ 

857 Seyedjavadi 

S. S., et al 

2016 

MBL blaNDM-1 (F) 5'- 

ACCGCCTGGACCGATGACCA 

-3' 

(R) 5'- 

GCCAAAGTTGGGCGCGGTTG 

-3' 

264 Solanki R., et 

al, 2014 

blaIMP F 5′- 

GAAGGCGTTTATGTTCATAC-

3′ 

 

R 5′- 

GTATGTTTCAAGAGTGATGC-

3′ 

 

 

587 Solanki R. et 

al, 2014 

Table 02: primers used for gene amplification in the study 
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Chapter 3 

Results 

For the study, a total of 87 Klebsiella pneumoniae (n=87) from 4 different cluster regions with 

differing prevalence as shown in Table 03. 

Region Number of samples Klebsiella 

pneumoniae isolates 

(n) 

Klebsiella 

pneumoniae isolates 

(%) 

A 9 17 35.42 

B 10 41 56.94 

C 11 18 33.96 

D 6 11 45.83 

Table 03: Distribution of Klebsiella pneumoniae isolates across different sampling regions. 

 

 

3.1. Antibiotic Susceptibility Profiling 

A total 87 isolates of klebsiella pneumoniae were subjected to 11 antibiotics impregnated in disks 

and their resistance profiles were recorded. It was observed that Amoxicillin had the highest 

incidence among the strains (89.86%), followed by Cefepime (60.49%), Azithromycin (57.89%), 

Ciprofloxacin (37.25%). The strains recorded least resistance to Gentamycin (8.97%). Significant 

resistance could be observed in case of Piperacillin/Tazobactam (33.72%), Amikacin (20.99%), 

Imipenem (26.19%) Meropenem (13.51%), Colistin (19%) and Norfloxacin (13.33%). 
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Figure 01: Percentage of resistant Klebsiella pneumoniae isolates for each antibiotic tested. 
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Antibiotics                                        Klebsiella pneumoniae 

 %R %I %S 

Piperacillin/ 

Tazobactam 

33.72 31.40 34.88 

Imipenem 26.19 17.86 55.95 

Meropenem 13.51 4.05 82.43 

Amoxycillin-

clavulanatae  

89.86 4.35 5.80 

Cefepime 60.49 22.22 17.28 

Ciprofloxacin 37.25 47.06 15.69 

Norfloxacin 13.33 13.33 73.33 

Amikacin 20.99 27.16 51.85 

Azithromycin 57.89 0.00 42.11 

Colistin 19.0 40.5 40.5 

Gentamicin 8.97 14.10 76.92 

Table 04: Percentage of Resistant (R), Intermediate (I), and Sensitive (S) isolates from antibiotic 

disc diffusion testing for Klebsiella pneumoniae. 
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3.2. Distribution for MBL and ESBL genes 

The isolates that displayed resistance to the medicines meropenem and imipenem were kept for 

further molecular analysis in order to assess the spread of carbapenem resistant bacteria. Among 

them 7.80% were blaNDM-1 positive, 5.87% were blaNDM positive, 6.90% were NDM positive, 

6.90% were blaCTX-M positive and 8.05% were blaSHV positive, however, none of them found 

to be carrying blaIMP, blaVIM-2 and blaTEM. 

 

Figure 02: Prevalence of isolates positive for MBL & ESBL gene products 

 

From this study it can be perceived that, 29.88% Klebsiella pneumoniae which were either 

imipenem or meropenem resistant or both of antibiotic resistant, most of them carried the blaNDM-

1 and blaSHV gene which is the most common gene responsible for the carbapenemase enzyme 

known as metallo-beta-lactamase and ESBL that makes bacteria resistant to a broad range of beta-

lactam antibiotics. 
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Chapter 4 

Discussion 

The number of impervious surfaces in Dhaka has dramatically increased recently, obstructing 

natural drainage patterns and limiting the amount of detention basins, that led to a shorter runoff 

concentration time and, as a result, waterlogging troubles. The Dhaka Water Supply and Sewerage 

Authority (WASA) begins digging up the roads during the monsoon every year in an attempt to 

solve these issues, but in the end, poor community drainage, sewage from overflowing sewers and 

latrines mix with rainfall runoff and drinking water lines, causing waterborne diseases. Through 

this work, it was discovered that samples of community sewage had numerous drug-resistant 

enteric bacteria that might potentially contaminate other bodies of water. In this study, multidrug-

resistant strains of K. pneumoniae are particularly important since they are linked to a variety of 

gastrointestinal illnesses transmitted through polluted water. although antibiotics from the beta-

lactam and carbapenem groups are frequently used to treat infections caused by Gram-negative 

group of bacterial pathogens, but developing countries like Bangladesh still lack thorough research 

on carbapenem producing Gram-negative bacteria. In one study, the percentage of K. pneumoniae 

resistant to carbapenems has been found to be 79.2% (Sakkas, H et.al 2019). In our Study we have 

also found out that, K. pneumoniae was the most prevalent amongst NDM-1 and blaSHV positive 

isolates.  Given the serious risk that multidrug-resistant bacteria pose to the general public's health, 

prompt and urgent action is required to prevent their spread. Preventing contaminant exposure in 

the aquatic environment should be one strategy for attaining that aim. To conclude, the current 

study findings indicate a significant percentage prevalence and spread of and Klebsiella 

pneumoniae carrying different carbapenemase genes in Bangladeshi communities. Appropriate 

and adequate control measures should be adopted from awareness to prescription. And future 

research should establish the exposure risks linked to community water as well as the relative 

contributions of different types of contamination sources and factors influencing variation in the 

prevalence of enteric bacteria in community water, which may ultimately play a significant role in 

slowing the spread and transmission of antibiotic resistance. 

 

 

 

 

 

 

 



17 
 

References  

 

1. Qamar M. U., Lopes B. S., Hassan B., Khurshid M., et al. 6 Jan, 2021. The present danger 

of New Delhi metallo-β-lactamase: a threat to public health. Future Microbiology, VOL. 

15, NO.18. https://doi.org/10.2217/fmb-2020-0069 

2. Dhillon R. H. P. & Clark J. 26 JUN, 2011. ESBLs: A Clear and Present Danger? . Critical 

Care Research and Practice. Volume 2012. Article ID 625170. 

https://doi.org/10.1155/2012/625170 

3. Kumar M., Dutta R., Saxena S., Singhal S., 1 NOV 2015. Risk Factor Analysis in Clinical 

Isolates of ESBL and MBL (Including NDM-1) Producing Escherichia coli and Klebsiella 

Species in a Tertiary Care Hospital. doi: 10.7860/JCDR/2015/15672.6766. PMCID: 

PMC4668407. PMID: 26675893 

4. Ahmed O. B., Hussain A., Asghar. 2021. The Coexistence of Extended-Spectrum β-

lactamase and Metallo-β-Lactamase Genes in Gram-Negative Bacteria. Volume.12 2021 

Issue 3. https://archivepp.com/article/the-coexistence-of-extended-spectrum-b-lactamase-

and-metallo-b-lactamase-genes-in-gram-negative-bact-aluakuypp1bf2kd 

5. Bush K. & Bradford P. A., 26 FEB, 2020. Epidemiology of β-Lactamase-Producing 

Pathogens. doi: 10.1128/CMR.00047-19. PMCID: PMC7048014. PMID: 32102899 

6. Vaz-Moreira I., Nunes O. C., Manaia C. M., 17 FEB, 2014. Bacterial diversity and 

antibiotic resistance in water habitats: searching the links with the human microbiome. Sci-

hub. DOI: 10.1111/1574-6976.12062. https://sci-hub.se/10.1111/1574-6976.12062 

7. Korzeniewska E. & Harnisz M., 15 OCT, 2013. Extended-spectrum beta-lactamase 

(ESBL)-positive Enterobacteriaceae in municipal sewage and their emission to the 

environment. PubMed.  PMID: 23886578 DOI: 10.1016/j.jenvman.2013.06.051. 

https://pubmed.ncbi.nlm.nih.gov/23886578/ 

8. Novals C., Coque T. M., Ferreira H. et al. 1 JUN, 2005. Environmental Contamination with 

Vancomycin-Resistant Enterococci from Hospital Sewage in Portugal. Applied and 

Environmental Microbiology. DOI: https://doi.org/10.1128/AEM.71.6.3364-3368.2005. 

https://journals.asm.org/doi/full/10.1128/AEM.71.6.3364-3368.2005 

9. Palzkill T. 16 NOV, 2012. Metallo-β-lactamase structure and function. VOL 1277, Issue 

1. The New York Academy of Science. https://doi.org/10.1111/j.1749-6632.2012.06796.x. 

https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-

6632.2012.06796.x?casa_token=0qivnNyebvEAAAAA%3AfKdyVA75LjKyxC2LEfi33

Nyce-ii9NsH230wU2fVacF1SoPHznIoW7daHG8-P2lsGWOLMOHnbu7MQaMg 

10. Senda K., Arakawa Y., Ichiyama S., Nakashima K et al. N.D. PCR detection of metallo-

beta-lactamase gene (blaIMP) in gram-negative rods resistant to broad-spectrum beta-

lactams. PubMed. MID: 8940421. PMCID: PMC229432. DOI: 10.1128/jcm.34.12.2909-

2913.1996. https://pubmed.ncbi.nlm.nih.gov/8940421/ 

11. Laraki N., Franceschini N., Rossolini G. M., Santucci P., et al. N.D. Biochemical 

characterization of the Pseudomonas aeruginosa 101/1477 metallo-beta-lactamase IMP-1 



18 
 

produced by Escherichia coli. PubMed. PMID: 10103197. PMCID: PMC89223. DOI: 

10.1128/AAC.43.4.902. https://pubmed.ncbi.nlm.nih.gov/10103197/ 

12. Moellering R. C., JR., M.D. 16 DEC, 2010. NDM-1 — A Cause for Worldwide Concern. 

The New England Journal of Medicine. DOI: 10.1056/NEJMp1011715. 

https://www.nejm.org/doi/full/10.1056/NEJMp1011715 

13. Chaudhary U., Aggarwal R., 2004. EXTENDED SPECTRUM β-LACTAMASES (ESBL) 

– AN EMERGING THREAT TO CLINICAL THERAPEUTICS. Science Direct. VOL 22, 

ISSUE 2, Page 75-80. https://doi.org/10.1016/S0255-0857(21)02884-X 

14. Rupp M. E. & Fey P. D., 17 SEP, 2012. Extended Spectrum β-Lactamase (ESBL)-

Producing Enterobacteriaceae. Springer Link. 

https://link.springer.com/article/10.2165/00003495-200363040-00002 

15. Coque T M, Baquero F. & Canton R, 20 NOV, 2008. Increasing prevalence of ESBL-

producing Enterobacteriaceae in Europe. Eurosurveillance. VOL 13, Issue 47. 

https://www.eurosurveillance.org/content/10.2807/ese.13.47.19044-en 

16. Brolund A., 01 OCT, 2014. Overview of ESBL-producing Enterobacteriaceae from a 

Nordic perspective. VOL 4, Issue 1. https://doi.org/10.3402/iee.v4.24555 

17. Kumarasamy K. K., Toleman M. A., Walsh T. R., Bagaria J., et al. 11 AUG, 2010. 

Emergence of a new antibiotic resistance mechanism in India, Pakistan, and the UK: a 

molecular, biological, and epidemiological study. Pafe 578. DOI:10.1016/S1473-

3099(10)70143-2. 

https://www.thelancet.com/pdfs/journals/laninf/PIIS1473309910701432.pdf 

18. Islam M. A., Talukdar P. K., Hoque A., Huq M., et al. 17 MAR, 2012. Emergence of 

multidrug-resistant NDM-1-producing Gram-negative bacteria in Bangladesh. Sci-Hub. 

DOI 10.1007/s10096-012-1601-2. https://sci-hub.se/https://doi.org/10.1007/s10096-012-

1601-2 

19. Shafi S. A. DEC, 2021. Carbapenem Resistant Escherichia coli and Klebsiella pneumoniae 

in Community Wastewaters of Dhaka, Bangladesh. Brac University.  

http://dspace.bracu.ac.bd/xmlui/handle/10361/16359 

20. Adnan N., Sultana M., Islam O. K., Nandi S. P., Hossain M. A. 2013. Characterization of 

Ciprofloxacin resistant Extended Spectrum β-Lactamase (ESBL) producing Escherichia 

spp. from clinical waste water in Bangladesh. Scientific Research. VOL 4, NO 7A2 (2013) 

,Article ID: 34154 , 9 pages. 

http://www.scirp.org/journal/PaperInformation.aspx?PaperID=34154 

21. Asaduzzaman M., Rousham E., Unicomb L., Islam M. R., Amin M. B. et al. 20 JUL, 2022.  

Spatiotemporal distribution of antimicrobial resistant organisms in different water 

environments in urban and rural settings of Bangladesh. Science of The Total Environment. 

VOL 831, 154890. https://doi.org/10.1016/j.scitotenv.2022.154890 

22. Cahill N., O’Connor L., Mahon B., Varley A. McGrath E. et al. 1 Jul, 2019. Hospital 

effluent: A reservoir for carbapenemase-producing Enterobacterales? . Science of The 

Total Environment. Volume 672, Pages 618-624. 

https://doi.org/10.1016/j.scitotenv.2019.03.428 

23. Tille P. M. 2022. Bailey & Scott's Diagnostic Microbiology, 15th Edition. Evolve. 

https://evolve.elsevier.com/cs/product/9780323681056?role=student 



19 
 

24. Hudzicki J. 08 DEC, 2009. Kirby-Bauer Disk Diffusion Susceptibility Test Protocol. 

American Society For Microbiology. https://asm.org/getattachment/2594ce26-bd44-47f6-

8287-0657aa9185ad/Kirby-Bauer-Disk-Diffusion-Susceptibility-Test-Protocol-pdf.pdf 

25. Lewis II J. S., 16 FEB, 2022. Performance Standards for Antimicrobial Susceptibility 

Testing, 32nd Edition. CLSI. 

https://clsi.org/standards/products/microbiology/documents/m100/?gclid=CjwKCAjwq5-

WBhB7EiwAl-HEktd19CJzftOkWZQ4vNxGrd3GkUzBfDPrgN3AXG5ePa-

sYeQpcbh9ohoCgwAQAvD_BwE 

26. Gales A C., Reis A O, Jones R N, 2001. Contemporary assessment of antimicrobial 

susceptibility testing methods for polymyxin B and colistin: review of available 

interpretative criteria and quality control guidelines. PubMed. PMID: 11136768 PMCID: 

PMC87699 DOI: 10.1128/JCM.39.1.183-190.2001. 

https://pubmed.ncbi.nlm.nih.gov/11136768/ 

27. Galani I., Kontopidou F., Souli M., et al. 6 Mar, 2008. Colistin susceptibility testing by 

Etest and disk diffusion methods. PubMed. PMID: 18328674 DOI: 

10.1016/j.ijantimicag.2008.01.011. https://pubmed.ncbi.nlm.nih.gov/18328674/ 

 

 

28. Devi L. S., Arora A., Chakravarti A., Sharma M. Apr-Jun, 2021. Prevalence of Extended-

Spectrum Beta-Lactamases (ESBL) Production Among Escherichia coli and Klebsiella 

pneumoniae Isolates in a Rural Tertiary Care Hospital of Haryana. JK Science. Vol 23, NO 

2. http://journal.jkscience.org/index.php/JK-Science/article/view/60 

29. Liu Y., Liu C., Zheng W., Zhang X., Yu J., Gao Q. et al. 6 Mar, 2008. PCR detection of 

Klebsiella pneumoniae in infant formula based on 16S–23S internal transcribed spacer. 

Sci-Hub. https://sci-hub.se/10.1016/j.ijfoodmicro.2008.03.005 

30. Ong D. C. T., Koh T.H., Syahidah N., Krishnan P., Tan T. Y. 12MAY, 2011. Rapid 

detection of the blaNDM-1 gene by real-time PCR. Journal of Antimicrobial 

Chemotherapy, Volume 66, Issue 7, July 2011, Pages 1647–1649. 

https://doi.org/10.1093/jac/dkr184 

31. Peerayeh S. N., Eslami M., Memariani M., Siadat S. D., 10 SEP, 2013. High Prevalence of 

blaCTX-M-1 Group Extended-Spectrum β-lactamase Genes in Escherichia coli Isolates 

From Tehran. Jundishapur Journal of Microbiology: Vol.6, issue 7; e6863. 

https://dx.doi.org/10.5812/jjm.6863 

32. Shafiq M., Huang J., Rahman S. U., Shah J. M. et al. 16 JUL, 2019. High incidence of 

multidrug-resistant Escherichia coli coharboring mcr-1 and blaCTX-M-15 recovered from 

pigs. PubMed. PMCID: PMC6643958. PMID: 31410033. 

https://doi.org/10.2147%2FIDR.S209473 

33. Fang L. X., Li X. P., Li L., Chen M., et al. 23 jul, 2018. ISEcp1-mediated transposition of 

chromosome-borne blaCMY-2 into an endogenous ColE1-like plasmid in Escherichia coli. 

PubMed. PMCID: PMC6061673. PMID: 30087569. 

https://doi.org/10.2147%2FIDR.S159345 



20 
 

34. Shacheraghi F., Shakibaie M. R., Noveiri H. 2010. Molecular Identification of ESBL 

Genesbla GES-1, blaVEB-1, blaCTX-M blaOXA-1, blaOXA-4,blaOXA-10 and blaPER-

1 in Pseudomonas aeruginosa Strains Isolated from Burn Patientsby PCR, RFLP and 

Sequencing Techniques. World Academy of Science, Engineering and Technology 

International Journal of Bioengineering and Life Sciences Vol:4, No:1. 

https://doi.org/10.5281/zenodo.1327919. 

35. Hayat S., Siddique M H., Aslam B., Nadeem H. 30 Apr, 2019. Extended-Spectrum-β-

Lactamase Producing Multidrug Resistant Klebsiella pneumoniae Isolates from Pediatrics. 

ResearchGate. vol. 51(4), pp 1251-1257. 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.17582%2Fjourna

l.pjz%2F2019.51.4.1251.1257 

36. Doosti A., Pourabbas M., Arshi A., Chelegerdi M., Kabiri H. February 2015. TEM and 

SHV Genes in Klebsiella pneumoniae Isolated from Cockroaches and Their Antimicrobial 

Resistance Pattern. ScienceDirect. Vol 6, Page 3-8. 

https://doi.org/10.1016/j.phrp.2014.10.011 

37. Seyedjavadi S. S., Goudarzi M., Sabzehali F. 1 JAN, 2016. Relation between blaTEM, 

blaSHV and blaCTX-M genes and acute urinary tract infections. Journal of Acute Disease. 

Vol 5, Issue 1, Page 71-76. https://doi.org/10.1016/j.joad.2015.07.007 

38. Solanki R., Vanjari L., Subramanian S., et al. DEC, 2014. Comparative Evaluation of 

Multiplex PCR and Routine Laboratory Phenotypic Methods for Detection of 

Carbapenemases among Gram Negative Bacilli. Journal of Clinical and Diagnostic 

Research. VOL 8, Issue 12, Page: DC23 - DC26. DOI : 10.7860/JCDR/2014/10794.5322.  

https://www.jcdr.net/article_fulltext.asp?id=5322 

39. Sakkas, H., Bozidis, P., Ilia, A., Mpekoulis, G., & Papadopoulou, C. (2019). Antimicrobial 

Resistance in Bacterial Pathogens and Detection of Carbapenemases in Klebsiella 

pneumoniae Isolates from Hospital Wastewater. Antibiotics, 8(3), 85. 

https://doi.org/10.3390/antibiotics8030085 


