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ABSTRACT: The emergence of resistant bacteria has become a worldwide threat. Multidrug resistant 

bacteria are globally spread. Several studies were performed to detect new resistant organisms and also the 

genes which are responsible for their resistance. Carbapenem resistance is considered the most dangerous 

resistance. In this study, we detect the presence of carbapenem resistant bacteria (CRB) in Egypt. This may 

cause un-treatable epidemic if its organization is neglected. This study distinguished the pathogens that are 

carbapenemase producing due to the presence of bla-NDM gene. The results detected the presence of CRB 

stains such as Klebsiella sp., Pseudomonas sp., Citrobacter sp., Enterobacter sp., Acinetobacter sp. and               

E. coli. As a result from this study, it is now proved that there are CRB in Egypt, thus it must be given a great 

consideration and must be managed. 

Keywords: Carbapenem resistance; Multidrug resistant bacteria; NDM (New Delhi Metallo-β-lactamase); 

Nosocomial infection; Metallo-β-lactamases. 

1. INTRODUCTION 

 Antibiotics have a pivotal role in the treatment of several diseases of humans and animals in the past 

few years. As thousands or millions of lives had been saved by using antibiotics through the world. However, 

with antibiotic abuse pathogens become more resistant and changed into weapons against mankind [1, 2]. The 

infection of multidrug-resistant (MDR) pathogens becomes a threat to the public health, thus there is seriously 

a risk to the health of animal and humans. β-lactamase is considered as the most common drug-resistance 

mechanism [3]. It has the ability to hydrolyze the C–N bond of lactam ring and inactivate the antibiotics [4]. 

 β-lactamases have two main subcategories; (a) serine-b-lactamases (SBLs) and (b) metallo-β-

lactamases (MBLs) [5]. MBLs are more dangerous to humans and pose an increasing health risk [6]. 

Pathogens with MBLs have the ability to degrade penicillin, cephalosporin, carbapenems, and aztreonam              

[7, 8]. 

 While Enterobacteriaceae are normally found in the intestines, its extended-spectrum β-lactamases 

(ESBLs) represent a challenge to the international medical community. These species include Klebsiella 

pneumoniae (K. pneumoniae), Escherichia coli (E. coli) and Enterobacter cloacae (E. cloacae) [9]. On the 

other hand, carbapenems are therefore are considered the last treatment option for serious infections as it can 
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resist many β-lactamase enzymes caused by ESBLs-producing Enterobacteriaceae [10]. The overuse of these 

antibiotics may lead to the development of carbapenem resistance and may contribute to the emergence of 

carbapenem-resistant Enterobacteriaceae. Carbapenem-resistant Enterobacteriaceae (CRE) can inactivate 

carbapenem by the production of carbapenemase enzymes. NDM (New Delhi Metallo-β-lactamase) is 

considered as one of the most clinically important carbapenmases. It is commonly found in K. pneumoniae 

isolates that have been associated with serious nosocomial infections. It is reported that K. pneumoniae 

contain NDM found in different countries. For instance NDM-1 was firstly identified in India. Moreover, it is 

reported in Asia, Australia, Europe, North America and Turkey [11]. Additionally, it had been previously 

reported in the Middle East and Europe [12]. 

 Several molecular investigations had been utilized to characterize NDM-positive bacteria and the 

characterization of the plasmids containing blaNDM genes. The blaNDM has been found both in a wide range 

of species and genera of Gram-negative bacteria such as K. pneumoniae, E. coli and Acinetobacter baumannii 

(A. baumannii) [13-15]. Several studies reported that bacteria may contain plasmids of different sizes (30-50 

kb) encoding NDM gene that is located on the chromosome, and although transferable to other types in vitro 

[16-24]. Furthermore, the usage of anti-cancer drugs may promote the spread of NDM-positive isolates [25]. 

 It is reported that NDM-positive isolates are isolated from 40 countries covering all continents except 

South America and Antarctica. This global transmission of NDM involves both strain spread and gene spread. 

The dominant mechanism of dissemination is the gene spread. The epidemiology of NDM may possibly 

increase as the blaNDM-1 gene has the ability to transmit other bacterial strains with known epidemic or 

pandemic potential such as E. coli [26-30]. Moreover, it is remarkably noted that KPC (Klebsiella 

pneumoniae carbapenemase) has spread globally because of its dissemination [31]. 

 It may be clear that the virulence of NDM-positive isolates may lead to further spread and expand its 

infection and colonization to encompass animals. It is really reported in a study in the USA, which 

documented isolation of NDM-positive E. coli from companion animals [32]. 

 The aim of this study was initially to identify the presence and epidemic threat of CRB in Egypt. 

Ultimately, we aim to identify the problem of carbapenem resistance. Moreover, some bioinformatic analyses 

to evaluate the evolution and transformation of the resistance gene. 

2. MATERIALS AND METHODS 

2.1. Materials 

 In order to detect the presence of CRB in Egypt, 50 samples were clinically isolated from hospitals of 

Alexandria governorate, Egypt. These samples were isolated and inoculated on nutrient broth medium, blood 

and MacConkey agars (Oxoid, England). Antibiogram was performed by using antibiotic discs (Oxoid, 

England). The CRB isolates were biochemically identified. Moreover the protein contents of these isolates 

were extracted and purified, the partially purified proteins were analyzed by Gel Electrophoresis. Chemicals 

of electrophoresis are provided by (sigma chemicals, Egypt). Some phylogenetic and Bioinformatics analysis 

was performed with the help of NCBI (The National Center for Biotechnology Information) [33] and EBI 

(The European Bioinformatics Institute) [34]. 

2.2. Methods  

2.2.1. Sample collection 

 Several samples were isolated from patients of Alexandria governorate hospitals, private hospitals and 

also private labs. These samples were from different infection sites and fluids such as urine, CVC (Central 
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Venous Catheter), sputum, wound and nasopharyngeal swabs. The isolates were identified by MALDI- TOF 

[35]. Bacterial isolates were isolated and inoculated as mentioned by El-Malek et al. [36], briefly, sterile 

swabs were used to transfer samples to broth tubes directly and these tubes were incubated for 24 hours at 

37οC. then these tubes were re-inoculated onto blood and MacConkey agars for another 24 hours at 37οC. 

2.2.2. Antibiogram analysis of the isolated samples  

 After incubation for 37οC, 22 bacterial isolates were obtained. These isolates were tested for their 

antibiotic susceptibility using several antibiotic discs known by (CLSI, 2017) [37]. This assay is performed on 

Mueller-Hinton agar with 0.5 MacFarland concentration of bacteria incubated at 37οC overnight. The total 

antibiotic susceptibility data are provided in supplementary sheets. 

2.2.3. Selection and identification of carbapenem resistant bacterial isolates 

 The carbapenem resistant isolates that have the ability to resist (Imipenem, Meropenem and 

Ertapenem) are chosen. The biochemical identification is the utilized method for their identification.  

2.2.4. Protein precipitation and purification  

 The protein precipitation was done as previously mentioned by Kelly et al. [38]. The harvesting of 

cells was performed in mid-exponential phase by centrifugation for 5 min at 10.000 rpm at 4οC. The pellets 

were re-suspended in 1 ml (phenol/guanidine isothiocyanate; Invitrogen) per 100 mg cells. Thus protein 

samples were extracted. Moreover, the partially purified proteins were used for the next step of gel 

electrophoresis. 

2.2.5. Phylogenetic and bioinformatics 

 Several analyses were performed on data provided from NCBI and EBI for bacteria similar to those 

bacteria under investigation in our study. 

3. RESULTS AND DISCUSSION 

3.1. Antibiogram analysis of the isolated bacteria 

 The antibiotic sensitivity analysis that was performed on the 22 isolate results in 9 isolates are 

carbapenem resistant bacteria. These bacteria represent 41% of the total number of isolates under 

investigations (Fig. 1).  

 

 
Figure 1. Presence of CRB and CSB. 
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 The assay of antibiogram was done using 30 antibiotics. The overall measurement results are 

summarized in supplementary data. The results illustrate that 9 isolates are resistant to the entire carbapenem 

group. These results are presented in Table 1.  The ability of these bacteria to resist carbapenems agrees with 

this of previous studies of Nordmann et al. and Miriagou et al. [39, 40]. From the results obtained, it is clear 

that strains No. 1, No. 3, No. 6, No. 10, No. 12, No. 16, No. 18, No. 19 and No. 22 are carbapenem resistant 

strains. 

3.2. Biochemical identification of the selected CRB 

 The identification of the CRB is performed through biochemical methods [41]. The results are 

summarized in Table 2. From the table, it is observed that the bacterial isolates No. 1 is Pseudomonas sp., No. 

3 and No.22 are Acinetobacter sp, No. 6 is Citrobacter sp., No. 10 is E. coli, No. 12 and No. 18 are Klebsiella 

sp., while No. 16 and No. 19 are Enterobacter sp. 

3.3. Total protein analysis of the selected CRB 

 The bacterial proteins that were extracted and purified from the selected isolates were analyzed by gel 

electrophoresis Fig. 2. It is remarkably observed that all the nine isolates contain a clear protein band on the 

molecular weight of 30KDa and this is what was previously observed by Wang et al. [42] besides, Bogaerts et 

al. that estimate that NDM gene plasmid has different sizes (30–50 kb) [16], who detected the peak of 29 KDa 

for bla NDM-1 (New Delhi Metallo-β-lactamase). This means that the carbapenem resistance exhibited by 

these isolates may be due to the presence of this band.  

 

 
Figure 2. Gel electrophoresis sheet for the selected isolates. 
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Table 1. Antibiotic sensitivity assay for the 9 carbapenem resistant bacteria. 

Isolate No.1 No.3 No.6 No.10 No.12 No.16 No.18 No.19 No.22 

Source Sputum CVC Axillary 
Swab Urine E.T.T Groin 

swab 
Axillary 

swab Sputum CVC 

Antibiotics 
Amikacin 0.0 0.0 12.1 0.0 0.0 13.1 9.3 12.1 10.2 

Amoxacillin-clavulanic 0.0 0.0 14.3 0.0 0.0 0.0 0.0 0.0 0.0 
Ampicillin – sulbactam 0.0 0.0 0.0 0.0 0.0 6.3 0.0 11.5 0.0 

Aztreonam 0.0 0.0 0.0 8.2 10.2 0.0 0.0 8.2 0.0 
Cefadroxil 0.0 0.0 0.0 10.2 11.3 0.0 0.0 0.0 0.0 
Cefepime 0.0 11.1 0.0 0.0 0.0 0.0 11.3 0.0 0.0 

Cefoprazone 0.0 0.0 0.0 0.0 0.0 0.0 12.1 0.0 0.0 
Cefoprazone- Sulbactam 0.0 0.0 0.0 8.1 0.0 0.0 0.0 0.0 0.0 

Cefotaxime 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.1 
Cefoxitin 0.0 0.0 0.0 0.0 8.1 0.0 8.1 9.0 0.0 

Ceftazidime 0.0 0.0 14.1 0.0 0.0 0.0 0.0 0.0 0.0 
Ceftriaxone 0.0 0.0 0.0 0.0 0.0 6.8 0.0 0.0 0.0 

Cefuroxime sodium 0.0 0.0 13.2 9.1 0.0 0.0 0.0 0.0 0.0 
Ciprofloxacin 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 

Colistin 16.2 13.2 0.0 0.0 0.0 13.5 12.3 14.2 0.0 
Doxycyclin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ertapenem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gentamicin 0.0 0.0 10.2 11.2 10.0 0.0 10.3 0.0 0.0 
Imipenem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Levofloxacin 0.0 0.0 0.0 10.1 0.0 9.1 0.0 0.0 7.2 
Line Zolid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Meropenem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Minocyclin 0.0 0.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ofloxacin 0.0 10.6 12.0 0.0 11.2 0.0 0.0 0.0 0.0 
Rifampicin 0.0 0.0 0.0 0.0 13.4 11.2 0.0 10.2 0.0 

Tazobactam-Piperacillin 0.0 0.0 11.0 0.0 0.0 10.1 7.4 0.0 7.1 
Teicoplanin 0.0 0.0 0.0 8.2 0.0 0.0 12.1 11.2 0.0 
Tigecycline 11.4 0.0 12.3 0.0 8.1 0.0 0.0 10.1 0.0 
Tobramycin 0.0 0.0 9.2 0.0 0.0 0.0 0.0 0.0 0.0 
Vancomycin 8.2 0.0 0.0 10.2 0.0 10.3 0.0 10.2 11.2 
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Table 2. The biochemical identification of the isolates. 

Test Bacterial Isolates 

 No.1 No.3 No.6 No.10 No.12 No.16 No.18 No.19 No.22 

Morphological and physiological tests 

Shape Rods Rods Rods Rods Rods Rods Rods Rods Rods 

Gram reaction Negative Negative Negative Negative Negative Negative Negative Negative Negative 

Motility ‒ ‒ + + ‒ + ‒ ‒ ‒ 

Biochemical tests 

Catalase + + + + + + + + + 

Oxidase + ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

Indole test ‒ ‒ ‒ + ‒ ‒ ‒ ‒ ‒ 

Methyl red test ‒ ‒ + + ‒ ‒ ‒ ‒ ‒ 

Voges - prtoskaurer test ‒ ‒ ‒ ‒ + + + + ‒ 

ONPG ‒ ‒ + + + + + + ‒ 

Citrate Utilization + ‒ + ‒ + + + + ‒ 

Nitrate reduction + ‒ + + + + + + ‒ 

H2S production ‒ ‒ + ‒ ‒ ‒ ‒ ‒ ‒ 

Urease production ‒ ‒ + ‒ ‒ ‒ ‒ ‒ ‒ 

Gelatin Hydrolysis ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

 

Organism Pseudomonas sp. Acinetobacter sp. Citrobacter sp. E. coli Klebsiella sp. Enterobacter sp. Klebsiella sp. Enterobacter sp. Acinetobacter sp. 
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Figure 3. Multiple sequence alignment of blaNDM-1 in different bacterial isolates. 
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Figure 4. Phylogenetic tree of local bla-NDM positive bacteria by Phylogeny.fr [44] that used the maximum likelihood 

method to generate phylogenetic tree. 

 

3.4. Phylogenetic and bioinformatics for similar NDM bacteria 

 The bioinformatics and phylogenetic analysis aims to illustrate the similarities between the isolates.  

These similarities are exhibited through the activity and also in gel electrophoresis, which may be due to the 

presence of the same gene for carbapenem resistance. This gene is widely known as blaNDM-1. The analysis 

shows that Klebsiella sp. (Accession: JX477134), Pseudomonas sp. (Accession: MF356396), Citrobacter sp. 

(Accession: KF284092), Enterobacter sp. (Accession: JN794562) Acinetobacter sp. (Accession: JN794560) 

and E. coli (Accession: KX495152) are very close. They all contain the blaNDM-1 gene [43] See Fig. 3. 

 Phylogenetic analysis for nucleotide sequence of NDM present in different isolates is illustrated by 

cladogram in Fig. 4. The tree generated by Genomic-NDM sequence alignment values also exhibits very high 

resolution. All the six strains are clustered into two groups. The five of isolates Klebsiella sp., Citrobacter sp., 

Pseudomonas sp., Enterobacter sp. and Acinetobacter sp. are clustered in one group as they are relatively 

close and away from E. coli. This group is analyzed as Klebsiella sp., Enterobacter sp. and Acinetobacter sp. 

are a closed sub- group of NDM- positive bacteria while Citrobacter sp. and Pseudomonas sp. represent 

another sub- group. On the other hand E. coli represents a different group of NDM-positive bacteria. 

4. CONCLUSION 

 It is now evident that the spread of NDM provides just one example of how antibiotic resistance can 

rapidly disseminate internationally. The paucity of a new antibiotic development makes the antibiotic 

resistance a dangerous threat to public health. There are many calls from the World Health Organization 

(WHO) and the European Centre for Disease Prevention and Control (ECDC) for solving this problem. 

Overcoming these difficulties poses a major challenge, and international cooperation will be critical in 

controlling this global threat.  

Acknowledgment: The author would like to thank the microbiology unit in the medical technological center, 

Alexandria University, Egypt, for helping in protein extraction and in gel electrophoresis. In addition, special 

thanks to Dr. Marian G. Waheeb, Assistant lecturer of Microbiology, Faculty of Science, Alexandria 

University, Egypt, for her assistance in protein precipitation and purification accurately. 

Conflict of Interest: The author declares no conflict of interest. 

REFERENCES 

1. Khan AU, Maryam L, Zarrilli R. Structure, genetics and worldwide spread of New Delhi metallo-β-

lactamase (NDM): a threat to public health. BMC Microbiol. 2017; 17(1): 101. 

 

 



Abd El-Malek   Detection of carbapenem resistant bacteria (CRB) in Egypt 181 

European Journal of Biological Research 2019; 9(3): 173-183 

2. Richter SN, Frasson I, Franchin E, Bergo C, Lavezzo E, Barzon L, et al. KPC-mediated resistance in 

Klebsiella pneumoniae in two hospitals in Padua, Italy, June 2009-December 2011: massive spreading of 

a KPC-3-encoding plasmid and involvement of non-intensive care units. Gut Pathogens. 2012; 4(1): 7. 

3. Drawz SM, Bonomo RA. Three decades of β-lactamase inhibitors. Clin Microbiol Rev. 2010; 23(1): 

160-201. 

4. Palzkill T. Metallo‐β‐lactamase structure and function. Ann New York Acad Sci. 2013; 1277(1): 91-104. 

5. Bebrone C. Metallo-β-lactamases (classification, activity, genetic organization, structure, zinc 

coordination) and their superfamily. Biochem Pharmacol. 2007; 74(12): 1686-1701. 

6. Bebrone C, Lassaux P, Vercheval L, Sohier J-S, Jehaes A, Sauvage E, et al. Current challenges in 

antimicrobial chemotherapy. Drugs. 2010; 70(6): 651-679. 

7. Bush K. The ABCD’s of β-lactamase nomenclature. J Infect Chemother. 2013; 19(4): 549-559. 

8. Tijet N, Boyd D, Patel SN, Mulvey MR, Melano RG. Evaluation of the Carba NP test for rapid detection 

of carbapenemase-producing Enterobacteriaceae and Pseudomonas aeruginosa. Antimicrob Agents 

Chemother. 2013; 57(9): 4578-4580. 

9. Rawat D, Nair D. Extended-spectrum β-lactamases in Gram negative bacteria. J Global Infect Dis. 2010; 

2(3): 263. 

10. Shibl A, Al-Agamy M, Memish Z, Senok A, Khader SA, Assiri A. The emergence of OXA-48-and 

NDM-1-positive Klebsiella pneumoniae in Riyadh, Saudi Arabia. Int J Infect Dis. 2013; 17(12): e1130-

e1133. 

11. Lee C-R, Lee JH, Park KS, Kim YB, Jeong BC, Lee SH. Global dissemination of carbapenemase-

producing Klebsiella pneumoniae: epidemiology, genetic context, treatment options, and detection 

methods. Front Microbiol. 2016; 7: 895. 

12. Potron A, Poirel L, Rondinaud E, Nordmann P. Intercontinental spread of OXA-48 beta-lactamase-

producing Enterobacteriaceae over a 11-year period, 2001 to 2011. Eurosurveillance. 2013; 18(31): 

20549. 

13. Fu Y, Du X, Ji J, Chen Y, Jiang Y, Yu Y. Epidemiological characteristics and genetic structure of bla 

NDM-1 in non-baumannii Acinetobacter spp. in China. J Antimicrob Chemother. 2012; 67(9): 2114-

2122. 

14. Yang J, Chen Y, Jia X, Luo Y, Song Q, Zhao W, et al. Dissemination and characterization of NDM-1-

producing Acinetobacter pittii in an intensive care unit in China. Clin Microbiol Infect. 2012; 18(12): 

E506-E513. 

15. Chen Y, Zhou Z, Jiang Y, Yu Y. Emergence of NDM-1-producing Acinetobacter baumannii in China. J 

Antimicrob Chemother. 2011; 66(6): 1255-1259. 

16. Bogaerts P, Rezende de Castro R, Roisin S, Deplano A, Huang T-D, Hallin M, et al. Emergence of 

NDM-1-producing Acinetobacter baumannii in Belgium. J Antimicrob Chemother. 2012; 67(6): 1552-

1553. 

17. Bonnin R, Poirel L, Naas T, Pirs M, Seme K, Schrenzel J, et al. Dissemination of New Delhi 

metallo‐β‐lactamase‐1‐producing Acinetobacter baumannii in Europe. Clin Microbiol Infect. 2012; 

18(9): E362-E365. 

18. Boulanger A, Naas T, Fortineau N, Figueiredo S, Nordmann P. NDM-1-producing Acinetobacter 

baumannii from Algeria. Antimicrob Agents Chemother. 2012; 56(4): 2214-2215. 

 

 



Abd El-Malek   Detection of carbapenem resistant bacteria (CRB) in Egypt 182 

European Journal of Biological Research 2019; 9(3): 173-183 

19. Poirel L, Bonnin RA, Boulanger A, Schrenzel J, Kaase M, Nordmann P. Tn125-related acquisition of 

blaNDM-like genes in Acinetobacter baumannii. Antimicrob Agents Chemother. 2012; 56(2): 1087-

1089. 

20. Hrabák J, Štolbová M, Študentová V, Fridrichová M, Chudáčková E, Zemlickova H. NDM-1 producing 

Acinetobacter baumannii isolated from a patient repatriated to the Czech Republic from Egypt, July 

2011. Eurosurveillance. 2012; 17(7): 20085. 

21. Espinal P, Fugazza G, Lopez Y, Kasma M, Lerman Y, Malhotra-Kumar S, et al. Dissemination of an 

NDM-2-producing Acinetobacter baumannii clone in an Israeli rehabilitation center. Antimicrob Agents 

Chemother. 2011; 55(11): 5396-5398. 

22. Kaase M, Nordmann P, Wichelhaus TA, Gatermann SG, Bonnin RA, Poirel L. NDM-2 carbapenemase in 

Acinetobacter baumannii from Egypt. J Antimicrob Chemother. 2011; 66(6): 1260-1262. 

23. Pfeifer Y, Wilharm G, Zander E, Wichelhaus TA, Göttig S, Hunfeld K-P, et al. Molecular characterization 

of bla NDM-1 in an Acinetobacter baumannii strain isolated in Germany in 2007. J Antimicrob 

Chemother. 2011; 66(9): 1998-2001. 

24. Karthikeyan K, Thirunarayan M, Krishnan P. Coexistence of bla OXA-23 with bla NDM-1 and armA in 

clinical isolates of Acinetobacter baumannii from India. J Antimicrob Chemother. 2010; 65(10): 2253-

2254. 

25. Dortet L, Nordmann P, Poirel L. Association of the emerging carbapenemase NDM-1 with a bleomycin 

resistance protein in Enterobacteriaceae and Acinetobacter baumannii. Antimicrob Agents Chemother. 

2012; 56(4): 1693-1697. 

26. Mushtaq S, Irfan S, Sarma J, Doumith M, Pike R, Pitout J, et al. Phylogenetic diversity of Escherichia 

coli strains producing NDM-type carbapenemases. J Antimicrob Chemother. 2011; 66(9): 2002-2005. 

27. Nielsen JB, Hansen F, Littauer P, Schønning K, Hammerum AM. An NDM-1-producing Escherichia coli 

obtained in Denmark has a genetic profile similar to an NDM-1-producing E. coli isolate from the UK. J 

Antimicrob Chemother. 2012; 67(8): 2049-2051. 

28. Williamson DA, Sidjabat HE, Freeman JT, Roberts SA, Silvey A, Woodhouse R, et al. Identification and 

molecular characterisation of New Delhi metallo-β-lactamase-1 (NDM-1)-and NDM-6-producing 

Enterobacteriaceae from New Zealand hospitals. Int J Antimicrob Agents. 2012; 39(6): 529-533. 

29. Peirano G, Ahmed-Bentley J, Woodford N, Pitout JD. New Delhi metallo-β-lactamase from traveler 

returning to Canada. Emerging Infect Dis. 2011; 17(2): 242. 

30. Poirel L, Lagrutta E, Taylor P, Pham J, Nordmann P. Emergence of metallo-β-lactamase NDM-1-

producing multidrug-resistant Escherichia coli in Australia. Antimicrob Agents Chemother. 2010; 

54(11): 4914-4916. 

31. Woodford N, Turton JF, Livermore DM. Multiresistant Gram-negative bacteria: the role of high-risk 

clones in the dissemination of antibiotic resistance. FEMS microbiology reviews. 2011;35(5):736-55. 

32. Shaheen B. W., Nayak N., M. B. First reported case of New Delhi metallo (NDM) carbapenem-positive 

gene in Escherichia coli from companion animals in the United States. In Abstracts of the 52nd ICAAC, 

abstract C2–1219. San Francisco, CA. American Society for Microbiology. 2012. 

33. https://www.ncbi.nlm.nih.gov 

34. https://www.ebi.ac.uk  

35. Singhal N, Kumar M, Kanaujia PK, Virdi JS. MALDI-TOF mass spectrometry: an emerging technology 

for microbial identification and diagnosis. Front Microbiol. 2015; 6: 791. 

 



Abd El-Malek   Detection of carbapenem resistant bacteria (CRB) in Egypt 183 

European Journal of Biological Research 2019; 9(3): 173-183 

36. El-Malek FFA, Yousef AS, El-Assar SA. Hydrogel film loaded with new formula from manuka honey 

for treatment of chronic wound infections. J Global Antimicrob Resist. 2017; 11: 171-176. 

37. www.facm.ucl.ac.be/intranet/CLSI/CLSI-2017-M100-S27.pdf. 

38. Bidle KA, Kirkland PA, Nannen JL, Maupin-Furlow JA. Proteomic analysis of Haloferax volcanii 

reveals salinity-mediated regulation of the stress response protein PspA. Microbiology. 2008; 154(Pt 5): 

1436. 

39. Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella pneumoniae carbapenemase-producing 

bacteria. Lancet Infect Dis. 2009; 9(4): 228-236. 

40. Miriagou V, Cornaglia G, Edelstein M, Galani I, Giske C, Gniadkowski M, et al. Acquired 

carbapenemases in Gram-negative bacterial pathogens: detection and surveillance issues. Clin Microbiol 

Infect. 2010; 16(2): 112-122. 

41. FARMER III J. Enterobacteriaceae: introduction and identification. Manual of clinical microbiology. 

2003. 

42. Wang J, Li Y, Yan H, Duan J, Luo X, Feng X, et al. Semi-rational screening of the inhibitors and β-

lactam antibiotics against the New Delhi metallo-β-lactamase 1 (NDM-1) producing E. coli. RSC Adv. 

2018; 8(11): 5936-5944. 

43. Djahmi N, Dunyach-Remy C, Pantel A, Dekhil M, Sotto A, Lavigne J-P. Epidemiology of 

carbapenemase-producing Enterobacteriaceae and Acinetobacter baumannii in Mediterranean countries. 

BioMed Res Int. 2014; 2014: 305784. 

44. www.Phylogeny.fr.   


