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ability to hydrolyze β-lactams.
MBL genes are also often associated with aminogly-

coside resistant genes, and thus, these bacteria are often 
co-resistant to aminoglycosides, further compromising 
therapeutic regimes13,14.

In recent years, detection of MBLs and other antibi-
otic resistance genes among Gram-negative bacilli has 
been reported worldwide. The presence of MBL genes on 
mobile genetic elements, such as integrons and plasmids 
helps their widespread dissemination and is a serious 
concern in nosocomial infection control15,16.

Nowadays, K. pneumoniae is recognized as an impor-
tant reservoir for a variety of resistance determinants in-
cluding β-lactamases, such as KPC (K. pneumoniae car-
bapenemase) and metallo-β-lactamases VIM, IMP, and 
NDM17. In this study, PCR results demonstrated that 6 out 
of 49 (12%) carbapenem-resistant isolates expressed the 
New Delhi metallo-beta-lactamase, five of which were 
also positive by the MHT and E-test MBL strips. This is 
the second report on the detection of NDM-1 in Iran. It 
was first reported by Shahcheraghi et al in 2012 during 
a study on Enterobacteriaceae family isolates collected 
from five hospitals in Tehran. Shahcheraghi et al detected 
a K. pneumoniae isolate carrying blaNDM-118. The data 
obtained in this study indicate that the results of MBL 
detection using phenotypic tests and PCR correspond to 
the findings of other studies, such as Ikonomidis, Kassis-
Chikhani, Psichogiou, Roy and Nordmann19-23. Previous 
studies showed that the sensitivity of MBL-producing iso-
lates to carbapenems varied from intermediate to resist-
ant. However, all the isolates in this study that expressed 
blaNDM-1 were completely resistant to imipenem and 
meropenem with MICs >256 for imipenem.

NDM-1 is an Ambler class B beta-lactamase that 
confers resistance to all β-lactams except aztreonam. In 
this study, isolates harboring NDM-1 were resistant to all 

tested antibiotics, including aztreonam. This may proba-
bly indicate the simultaneous presence of other antibiotic 
resistance mechanisms in these isolates. The NDM-1-en-
coding gene can spread from one strain of bacteria to an-
other by horizontal gene transfer and moreover, plasmids 
possessing the bla NDM gene often carry other resistance 
genes including: ESBLs and 16SrRNA methylase genes 
(armA, rmtA, rmtB, rmtC, rmtD, rmtE, rmtFand npmA), 
conferring resistance to all β-lactams and aminoglyco-
sides. Therefore, the early detection of NDM-1 produc-
ing bacteria causing clinical infections and/or coloniza-
tion is essential to prevent their spread24-26. Some stud-
ies have suggested the use of tigecycline and colistin as 
the only available options for the treatment of infections 
caused by MBL- or KPC-producing Gram-negative ba-
cilli. However, reports of the emergence of colistin and 
tigecycline-resistant isolates and also unfavorable phar-
macokinetics and toxic side-effects of these antibiotics, 
may limit their use18. Recently, FIM-1 (Florence Imipen-
emase), a new type of acquired MBL was detected in a 
multidrug-resistant P. aeruginosa clinical isolate in Flor-
ence, Italy. This novel MBL enzyme has 40% amino acid 
similarity to the NDM enzyme27.

The isolation of NDM-1 expressing strains in Iran is 
still very rare. However, it is expected that the number of 
such isolations will increase in the near future. Therefore, 
the early detection of NDM-1 expressing bacteria using 
molecular methods could be a useful control strategy. 
Moreover, it is necessary that antibiotics should be ap-
plied appropriately to prevent the emergence and spread 
of MDR bacterial strains in hospitals and the commu-
nity. 
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Isolate no. Source of 
isolation

Hospital 
unit

MIC (µg/ml) of 
imipenem MHT E-test MBL

Detection of

MBL

123 Urine ICU >256 Positive Positive NDM-1

293 Sputum ICU >256 Positive Positive NDM-1

583 Urine ICU >256 Positive Positive NDM-1

590 Urine ICU >256 Positive Positive NDM-1

592 Urine ICU >256 Positive Positive NDM-1

317 Urine ICU >256 Positive ND NDM-1

ND: non determinable, MBL: Metallo-Beta-Lactamase, MHT: modified Hodge test, E-test: Epsilometer test, MIC: minimal inhibitory concen-
trations; ICU, intensive care unit.

Table 3: Characteristics of metallo-beta-lactamase-producing isolates. From 49 carbapenem-resistant isolates, 6 isolates were 
positive for New Delhi metallo-beta-lactamase-1 (blaNDM-1). 


