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A B S T R A C T

New Delhi metallo-b-lactamase (NDM) compromises the efficacy of almost all b-lactam antibiotics,

including carbapenems. This study aimed to screen for the blaNDM-1-type gene and NDM-1-type

carbapenemase production among Gram-negative bacteria in Cairo University Pediatric Hospital (Cairo,

Egypt). Among 382 Gram-negative clinical isolates collected over the period October 2013 to May 2014,

100 clinical isolates showing reduced carbapenem (imipenem and meropenem) susceptibility were

included in this study. Initial phenotypic screening for NDM enzyme production was performed by Etest

for metallo-b-lactamases (EMBL). Genotypic detection of the blaNDM-1-type gene was done by TaqMan

real-time PCR. Metallo-b-lactamase production was detected in 23% of the isolates by EMBL, whereas

24% of the isolates were found to be positive for the blaNDM-1-type gene by real-time PCR. The EMBL

sensitivity was 79.2%, specificity was 94.7%, positive predictive value was 82.6%, negative predictive

value was 93.5% and overall accuracy was 91.0%. Seventeen (70.8%) of blaNDM-1-type-positive cases were

hospital-acquired in origin, whilst 7 cases (29.2%) were community-acquired. Eleven isolates (45.8%)

harbouring blaNDM-1-type were found in critical care units. In conclusion, the high prevalence of blaNDM-1-

type carbapenemase gene among Gram-negative bacteria, with its great potential for spread in intensive

care units, warrants the attention of a nationwide surveillance programme to contain its spread.

� 2016 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All

rights reserved.
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1. Introduction

Carbapenemase-producing multidrug-resistant (MDR) Gram-
negative bacteria are a threat to public health not only due to the
rapidly increasing rate of resistance but also due to the limited
antibiotics active against them [1].

Enzymatic resistance to carbapenems in Gram-negative bacte-
ria is mainly due to two types of b-lactamases. The first group of
enzymes uses serine as the active site amino acid to inactivate
carbapenems, and the main inhibitors of the serine b-lactamases
are tazobactam, clavulanic acid and sulbactam. The second group
of enzymes uses a zinc ion, hence their name, the metallo-b-
lactamases (MBLs). The ion chelator ethylene diamine tetra-acetic
acid (EDTA) is a common inhibitor of MBLs [2,3].

One of the emerging MBLs is the New Delhi metallo-b-
lactamase (NDM) enzyme, which was first identified in Sweden in
a patient who had travelled from India; the NDM-1-type enzyme
* Corresponding author.

E-mail address: doaa.ghaith@kasralainy.edu.eg (D. Ghaith).

http://dx.doi.org/10.1016/j.jgar.2016.08.004

2213-7165/� 2016 International Society for Chemotherapy of Infection and Cancer. Pu
has been detected in Pakistan, the UK, the USA, Kenya, Japan,
Canada, Belgium, The Netherlands, Taiwan, Singapore, the Sultan-
ate of Oman, Australia and Egypt [4,5]. The widespread nature of
NDM may be ascribed to the location of the causative gene in a
mobile genetic element near a pathogenicity island. The blaNDM-1-

type gene is carried on plasmids and other mobile genetic elements,
facilitating its rapid spread between bacterial strains and species.
Thus, it is essential to study the epidemiology of bacteria
harbouring NDM-1-type to avoid its further spread and to establish
effective control measures [6–11].

The aim of this study was to screen for the blaNDM-1-type gene
and NDM-1 carbapenemase production among Gram-negative
bacteria in Cairo University Pediatric Hospital (Cairo, Egypt) to
highlight its prevalence and the mandatory role of strict control
measures to curb this outbreak that threatens public health.

2. Materials and methods

This was a cross-sectional study including 382 consecutive
Gram-negative clinical isolates collected over the period October
2013 to May 2014 from Cairo University Pediatric Hospital.
blished by Elsevier Ltd. All rights reserved.
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2.1. Selection of test isolates

A total of 382 Gram-negative bacterial isolates were screened
for reduced susceptibility to carbapenems (imipenem and
meropenem) by the disk diffusion method. All isolates were
identified by API1 20E and API1 20NE (bioMérieux, Marcy-l’Étoile,
France).

Antimicrobial susceptibility testing was performed by the
modified Kirby–Bauer disk diffusion method using Muller–Hinton
agar (Oxoid Ltd., Basingstoke, UK) with aerobic incubation at 35 8C
for 16–18 h according to Clinical and Laboratory Standard Institute
(CLSI) guidelines [12]. The following antimicrobial disks were
obtained from Oxoid Ltd.: ampicillin (10 mg); amoxicillin/clavu-
lanic acid (10 mg); ceftazidime (30 mg); cefotaxime (30 mg);
ceftriaxone (30 mg); cefepime (30 mg); cefoxitin (30 mg); imipe-
nem (10 mg); meropenem (10 mg); aztreonam (30 mg); trimetho-
prim/sulfamethoxazole (1.25/23.75 mg); cefoperazone (75 mg);
nitrofurantoin (300 mg); piperacillin/tazobactam (100/10 mg);
gentamicin (10 mg); amikacin (30 mg); ciprofloxacin (5 mg); and
polymyxin B (300 U).

Definitions of multidrug-resistant (MDR), extensively drug-
resistant (XDR) and pandrug-resistant (PDR) organisms were
according to Magiorakos et al. [13].

Of the 382 consecutive Gram-negative clinical isolates collected
over the study period, only 100 isolates showed reduced
susceptibility to imipenem and meropenem by Etest minimum
inhibitory concentrations (MICs) (AB bioMérieux, Solna, Sweden)
and were included in this study [12].

2.2. Phenotypic screening for metallo-b-lactamase (MBL) production

All 100 selected isolates were screened for MBL production by
the imipenem/EDTA synergy Etest (AB bioMérieux). Interpretation
of results according to the manufacturer’s recommendations was
as follows: the result was considered positive for MBL when the
MIC ratio for the imipenem/imipenem + inhibitor (IP/IPI) was �8
or there was a reduction in the MIC of imipenem of �3 dilutions in
the presence of EDTA. Also, a rounded ‘phantom’ inhibition zone
between IP/IPI or deformation of the ellipse was considered
positive for MBL regardless of the IP/IPI ratio according to the
manufacturer’s recommendations.

Stocks of all isolates were stored in tryptic soy broth (Sigma–
Aldrich, St Louis, MO) with 20% glycerol at �80 8C for subsequent
real-time PCR analysis.

2.3. blaNDM-1-type gene detection by TaqMan real-time PCR

Automated DNA extraction was performed using a MagNA Pure
DNA Isolation and Purification Kit I (Roche Diagnostics, Mannheim,
Germany) according to the manufacturer’s recommendations.

The LightCycler1 TaqMan probe and primer sequences derived
were from the GenBank sequence AB571289: primer sequence F,
50-GCT GGC GGT GGT GAC TC-30; R, 50-GGC AAG CTG GTT CGA CAA
Table 1
Distribution of different types of bacteria in relation to different sample types.

Sample type Klebsiella pneumoniae Escherichia coli Pseudo

Blood culture 17 7 7 

Sputum 26 0 6 

Urine 5 13 2 

Drain 1 0 0 

Peritoneal fluid 0 3 0 

Pleural fluid 2 0 0 

Pus 0 1 0 

Total 51 24 15 
C-30; and TaqMan probe sequence FAM-TGG CAT AAG TCG CAA TCC
CCG C—BBQ [14].

The final 20 mL PCR mixture contained 5 mL of extracted DNA
and 15 mL of PCR buffer composed of 2 mL each of the forward and
reverse primers and 1 mL of the NDM-1 TM Probe, 7.4 mL of
LightCycler1 480 DNA Master Mix (containing FastStartTM Taq

DNA Polymerase, reaction buffer, dNTP mix and 10 mM MgCI2),
2.9 mL of nuclease-free water, 0.4 mL of LightCycler1 uracil N-
glycosylase and 1.3 mL of activator [Mn(OAc)2] to achieve
maximum amplification specificity and efficiency.

The real-time PCR assay was performed using a LightCycler1

480 instrument programmed according to the following cycling
conditions: denaturation for 10 min at 95 8C, followed by 45 cycles
each of 10 s at 95 8C, 1 min at 58 8C and 1 s at 72 8C.

2.4. Bacterial control strains

DNA was extracted from strains of Escherichia coli ATCC 25922,
Klebsiella pneumoniae ATCC 700603, Acinetobacter baumannii

19609 and Pseudomonas aeruginosa ATCC 27853 (Microbiologics
Inc., St Cloud, MN) and was included in the testing panel as
negative control strains.

Klebsiella pneumoniae ATCC-BAA-2146 was included as a
positive control [14].

3. Results

The patient age ranged from 7 days to 72 months, with a median
of 5.5 months. Of 100 Gram-negative clinical isolates showing
reduced susceptibility to carbapenems, 55% were identified to be of
hospital-acquired origin, whilst 45% were community-acquired.
Moreover, 16% of the isolates were MDR, 78% were XDR and 6%
were PDR.

The distribution of different bacterial isolates in relation to
sample types is shown in Table 1. The results of imipenem and
meropenem susceptibility testing by the disk diffusion method
were found to be in agreement with their MICs.

MBL production was detected in 23/100 isolates (23%) by Etest
MBL IP/IPI strip (EMBL), whereas 24/100 (24%) were positive for
the blaNDM-1-type gene by real-time PCR. Four isolates initially
tested positive by the EMBL and negative by real-time PCR.
Summarised data for the 24 blaNDM-1-type-positive cases are given
in Table 2.

4. Discussion

Use of b-lactam antibiotics is preferred by paediatricians owing
to their limited side effects. The NDM carbapenemase is one of the
emerging enzymatic mechanisms of resistance compromising the
efficacy of almost all classes of b-lactams [14]. The microbiology
laboratory plays an important role in highlighting the prevalence
of various types of antibiotic resistance by using rapid and
sensitive assays such as real-time PCR, in addition to testing using
monas aeruginosa Acinetobacter baumannii Enterobacter cloacae
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Table 2
Summary of data for the 24 cases positive for the blaNDM-1-type gene by real-time PCR.

No. Section Sample type Organism Imipenem Meropenem EMBL

MIC (mg/mL) Interpretation MIC (mg/mL) Interpretation MIC ratio of IP/IPI Interpretation

1 ICU Blood culture Klebsiella pneumoniae 12 R 16 R 17.7 P

2 Neonatology Blood culture K. pneumoniae 24 R 12 R 8 P

3 ICU Blood culture K. pneumoniae 32 R 24 R Phantoma P

4 Outpatient Urine Escherichia coli 16 R 16 R 35.5 P

5 ICU Drain K. pneumoniae 16 R 24 R Phantom P

6 ICU Blood culture K. pneumoniae 6 R 32 R Phantom P

7 Outpatient Urine E. coli 6 R 2 I Phantom P

8 ICU Sputum K. pneumoniae 32 R 16 R Phantom P

9 ICU Sputum K. pneumoniae 6 R 32 R 2 N

10 Neonatology Sputum K. pneumoniae 32 R 16 R 12 P

11 ICU Blood culture Acinetobacter baumannii 24 R 24 R Phantom P

12 ICU Blood culture K. pneumoniae 4 R 6 R 8 P

13 Outpatient Urine K. pneumoniae 8 R 16 R 12 P

14 ICU Sputum K. pneumoniae 24 R 16 R Phantom P

15 Neonatology Sputum Pseudomonas aeruginosa 24 R 16 R Phantom P

16 Neonatology Sputum K. pneumoniae 8 R 12 R 0.7 N

17 Neonatology Pus E. coli 32 R 24 R 21.4 P

18 ICU Pleural fluid K. pneumoniae 8 R 32 R Phantom P

19 ICU Blood culture A. baumannii 48 R 24 R 32.1 P

20 Neonatology Blood culture P. aeruginosa 8 R 24 R 6.6 N

21 Ward Pleural fluid K. pneumoniae 32 R 24 R 4 N

22 Neonatology Sputum K. pneumoniae 6 R 8 R Phantom P

23 Neonatology Blood culture P. aeruginosa 32 R 8 R 17.7 P

24 Neonatology Blood culture E. coli 4 R 24 R 2 N

MIC, minimum inhibitory concentration; EMBL, Etest for metallo-b-lactamase; IP/IPI, imipenem MIC/imipenem MIC in presence of the inhibitor ethylene diamine tetra-

acetic acid (EDTA); ICU, intensive care unit; R, resistant; P, positive; N, negative.
a Rounded ‘phantom’ inhibition zone between IP/IPI.
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other affordable alternative techniques for routine surveillance
programmes, such as EMBL.

In this study, the high percentage of XDR (91.7%) and PDR (8.3%)
phenotypes found among the 24 isolates harbouring the blaNDM-1-

type gene leaves very limited options for treatment. The existence of
the blaNDM-1-type gene near a pathogenicity island gives the gene
the genetic basis of the MDR phenotype, beside other causes [6].

Many studies have shown that intensive care units (ICUs) are
deemed to be the epicentre and the main source of development
and amplification of antimicrobial resistance [15], a finding that
was also observed among the 24 NDM-1-type-positive cases in the
current study; 11 cases (45.8%) were isolated from ICUs, whilst 9
cases (37.5%) were isolated from the neonatology unit.

Of 24 samples positive for the blaNDM-1-type gene, the most
commonly identified organisms were K. pneumoniae (15; 62.5%),
followed by E. coli (4; 16.7%), P. aeruginosa (3; 12.5%) and A.

baumannii (2; 8.3%). This is similar to a study by Rahman et al. in
India in 2014, in which the distribution of the 44 blaNDM-1-type-
positive isolates was as follows: K. pneumoniae, 20 (45%); E. coli, 14
(32%); Citrobacter spp., 4 (9%); Providencia spp., 4 (9%); and
Enterobacter spp., 2 (5%) [16].

In 2012, Halimi et al. recommended the use of EMBL to identify
NDM-1-producers in comparison with genotypic results. They
found also that the Etest MBL IP/IPI showed a sensitivity of 98% and
a specificity of 100% [17]. Yet, being a phenotypic test, it also has a
lengthy turnaround time, with reportable results not available for
up to 24 h, hence the test is more useful as a confirmatory test
rather than as a screening tool, Moreover, several isolates
harbouring blaNDM-1-type genes exhibit low MICs to carbapenems
that may fail to be interpreted using the EMBL strip.

On the other hand, the PCR assay offers the advantage of faster
genotyping and a shorter turnaround time (4 h for PCR compared
with >24 h for EMBL), with less subjectivity in interpreting the
results [18].

In this study, four isolates initially tested positive by the EMBL
and negative by real-time PCR, including two E. coli, one K.

pneumoniae and one P. aeruginosa. In such cases, MBL production
could be ascribed to other MBLs [18]. The reduced carbapenem
susceptibilities detected in 76 organisms negative for blaNDM-1-type

by PCR could be explained by production of other carbapenemases
or loss of a porin channel combined with the presence of an AmpC
b-lactamase [19].

We recommend the use of other phenotypic tests, such as the
KPC and MBL ConfirM Kits of Rosco as well as the Carba NP test
with a short turnaround time ca. 2 h. Also, using meropenem/EDTA
Etest could improve the results because it includes a wider range of
dilutions in screening for carbapenemases.

This study highlights the high prevalence of the blaNDM-1-type

carbapenemase gene among Gram-negative bacteria with its great
potential for spread in ICUs. A nationwide surveillance programme
for detection of antibiotic resistance is mandatory, with appropri-
ate implementation of infection control measures in healthcare
settings.

Funding

None.

Competing interests

None declared.

Ethical approval

Not required.

References

[1] Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, Balakrishnan R, et al.
Emergence of a new antibiotic resistance mechanism in India, Pakistan, and
the UK: a molecular, biological, and epidemiological study. Lancet Infect Dis
2010;10:597–602.

[2] Queenan AM, Bush K. Carbapenemases: the versatile b-lactamases. Clin
Microbiol Rev 2007;20:440–58.

[3] Cornaglia G, Giamarellou H, Rossolini GM. Metallo-b-lactamases: a last fron-
tier for b-lactams? Lancet Infect Dis 2011;11:381–93.

http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0100
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0100
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0100
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0100
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0105
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0105
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0105
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0105
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0110


M. Wassef et al. / Journal of Global Antimicrobial Resistance 7 (2016) 84–87 87
[4] Yong D, Toleman MA, Giske CG, Cho HS, Sundman K, Lee K, et al. Characteriza-
tion of a new metallo-b-lactamase gene, blaNDM-1, and a novel erythromycin
esterase gene carried on a unique genetic structure in Klebsiella pneumoniae
sequence type 14 from India. Antimicrob Agents Chemother 2009;53:5046–54.

[5] Dortet L, Poirel L, Nordmann P. Worldwide dissemination of the NDM-type
carbapenemases in Gram-negative bacteria. Biomed Res Int 2014;2014:
249856.

[6] Wu HS, Chen TL, Chen IC, Huang MS, Wang FD, Fung CP, et al. First identifica-
tion of a patient colonized with Klebsiella pneumoniae carrying blaNDM-1 in
Taiwan. J Chin Med Assoc 2010;73:596–8.

[7] Poirel L, Revathi G, Bernabeu S, Nordmann P. Detection of NDM-1-producing
Klebsiella pneumoniae in Kenya. Antimicrob Agents Chemother 2010;55:934–6.

[8] Poirel L, Al Maskari Z, Al Rashdi F, Bernabeu S, Nordmann P. NDM-1-producing
Klebsiella pneumoniae isolated in the Sultanate of Oman. J Antimicrob Che-
mother 2010;66:304–6.

[9] Leverstein-van Hall MA, Stuart JC, Voets GM, Versteeg D, Roelofsen E, Fluit AC.
Carbapenem-resistant Klebsiella pneumoniae following foreign travel. Ned
Tijdschr Geneeskd 2010;154:A2013 [in Dutch].

[10] Centers for Disease Control and Prevention (CDC). Detection of Enterobacter-
iaceae isolates carrying metallo-b-lactamase—United States, 2010. MMWR
Morb Mortal Wkly Rep 2010;59:750.

[11] Kaase M, Nordmann P, Wichelhaus TA, Gatermann SG, Bonnin RA, Poirel L.
NDM-2 carbapenemase in Acinetobacter baumannii from Egypt. J Antimicrob
Chemother 2011;66:1260–2.

[12] Clinical and Laboratory Standards Institute. Performance standards for anti-
microbial susceptibility testing; twenty-fourth informational supplement.
Document M100-S24. Wayne, PA: CLSI; 2014.
[13] Magiorakos A-P, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacte-
ria: an international expert proposal for interim standard definitions for
acquired resistance. Clin Microbiol Infect 2012;18:268–81.

[14] Manchanda V, Rai S, Gupta S, Rautela RS, Chopra R, Rawat DS, et al. Develop-
ment of TaqMan real-time polymerase chain reaction for the detection of the
newly emerging form of carbapenem resistance gene in clinical isolates of
Escherichia coli, Klebsiella pneumoniae, and Acinetobacter baumannii. Indian J
Med Microbiol 2011;29:249–53.

[15] Hasanin A, Eladawy A, Mohamed H, Salah Y, Lotfy A, Mostafa H, et al. Preva-
lence of extensively drug-resistant Gram negative bacilli in surgical intensive
care in Egypt. Pan Afr Med J 2014;19:177.

[16] Rahman M, Shukla SK, Prasad KN, Overjero CM, Pati BK, Tripathi A, et al.
Prevalence and molecular characterisation of New Delhi metallo-b-lacta-
mases NDM-1, NDM-5, NDM-6 and NDM-7 in multidrug-resistant Entero-
bacteriaceae from India. Int J Antimicrob Agents 2014;44:30–7.

[17] Halimi D, Girlich D, Nordmann P, Rivat S, Durand G, Martelin R, et al. Evalua-
tion of two Etest1 MBL strips for detection of metallo-carbapenemases in
Enterobacteriaceae. Diagn Microbiol Infect Dis 2013;77:200–1.

[18] Miriagou V, Cornaglia G, Edelstein M, Galani I, Giske CG, Gniadkowski M, et al.
Acquired carbapenemases in Gram-negative bacterial pathogens: detection
and surveillance issues. Clin Microbiol Infect 2010;16:112–22.

[19] Wassef M, Abdelhalim M, AbdulRahman E, Ghaith D. The role of OmpK35,
OmpK36 porins, and production of b-lactamases on imipenem susceptibility
in Klebsiella pneumoniae clinical isolates, Cairo, Egypt. Microb Drug Resist
2015;21:577–80.

http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0115
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0120
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0120
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0120
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0125
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0125
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0125
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0125
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0130
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0130
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0135
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0135
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0135
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0140
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0140
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0140
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0145
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0145
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0145
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0145
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0145
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0150
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0150
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0150
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0155
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0155
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0155
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0160
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0160
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0160
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0160
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0165
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0165
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0165
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0165
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0165
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0170
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0170
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0170
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0175
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0180
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0180
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0180
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0180
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0185
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0185
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0185
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190
http://refhub.elsevier.com/S2213-7165(16)30091-1/sbref0190

	Emerging New Delhi metallo-β-lactamase-1-type-producing Gram-negative bacteria isolated from Cairo University Pediatric Ho...
	1 Introduction
	2 Materials and methods
	2.1 Selection of test isolates
	2.2 Phenotypic screening for metallo-β-lactamase (MBL) production
	2.3 blaNDM-1-type gene detection by TaqMan real-time PCR
	2.4 Bacterial control strains

	3 Results
	4 Discussion
	Funding
	Competing interests
	Ethical approval
	References


