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Antibiotic resistance has become a major public health prob-

em. In India, the infectious disease mortality rate is 416.75 per

0 0 0 0 0 persons, which is twice the rate in the United States when

ntibiotics were introduced (approximately 20 0 per 10 0 0 0 0 per-

ons) [1] . In 2009, a novel carbapenemase, “New Delhi Metallo-

-Lactamases-1” (NDM-1), was first reported in Klebsiella pneumo-

iae isolated from a Swedish patient of Indian origin [2] . The NDM

roducers were resistant to all β-lactams, including carbapenems.

arbapenems are a backup drug to treat patients who are gravely

ll or who are suspected of harboring multidrug-resistant bacte-

ia. The rapid worldwide dissemination and emergence of NDM in

nterobacteriaceae members resembles a move towards the pre-

ntibiotic era. With this scenario in mind, we initiated the current

tudy to understand the emergence, spread, and genetic features of

arbapenem-resistant Enterobacteriaceae in the intensive care unit

ICU) of a tertiary care hospital in north India. 

Sixty patient samples (urine, pus or stool) were screened dur-

ng August 2013 to September 2013 from patients admitted to the

ertiary care hospital ICU. Of these samples, only one, isolated from

 57-year-old male with chronic kidney disease (CKD), was found

o be a carbapenemase producer. Despite aggressive treatment and

emodialysis, the patient died on the sixth day of admission. The

solate was identified as Citrobacter werkmanii (AK-8) using the BD

hoenix TM automated microbiology system. 

Antibiogram using standard disc diffusion of AK-8 strain

howed the isolate was resistant to all β-lactams (including car-

apenems), aztreonam, aminoglycosides, fluoroquinolones, oxac- 

phem (moxalactam) and antibiotic-inhibitor combinations (Sup-

lementary Table S1). However, the isolate was susceptible to

olistin, tigecycline, and tetracycline (Supplementary Table S1).

ouble-disc synergy test using imipenem and imipenem with

thylenediaminetetraacetic acid (EDTA) disc confirmed the pres-

nce of metallo- β-lactamase (MBL). Minimum inhibitory concen-

rations (MICs) of antibiotics (Sigma-Aldrich, Co., St. Louis, MO,

SA) in Supplementary Table S1 were determined by the micro-

roth dilution method. The results of these tests were interpreted

sing Clinical and Laboratory Standards Institute (CLSI) guide-

ines, 2016 [3] . The strain showed very high MIC values against

ll tested antibiotics. Polymerase chain reaction (PCR) amplifica-

ion, sequencing, and conjugation confirmed the presence and co-

xistence of bla NDM-6 with bla CTX-M-15 , bla TEM-1 and armA genes on
ttps://doi.org/10.1016/j.ijantimicag.2019.02.006 
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 self-transmissible plasmid (Supplementary Fig. S1-S3, Table S2).

eplication machinery of the plasmid harboring bla NDM-6 belonged

o IncFIC replicon type and carried class 1 integron, as confirmed

y amplification of intI 1 and sul 1 gene. 

In AK-8, PCR-based genetic environment analysis was per-

ormed as per Poirel et al. [4] , but we did not find IS Aba125

pstream or bleomycin resistance gene ( ble MBL ) downstream of

la NDM-6 . 

Citrobacter werkmanii was sequenced on Illumina NextSeq 500

latform for paired-end 150-bp sequencing. De Novo assembly of

lean high-quality reads was performed by CLC Genomics Work-

ench version 9.0 (Qiagen, Germany). The location of bla NDM-6 in

he AK-8 genome was identified by stand-alone Basic Local Align-

ent Search Tool (BLAST) against the assembled genome of AK-8

sing NDM-6 nucleotide sequence as a query. The potential open

eading frames (ORFs) were predicted by the NCBI ORFfinder pro-

ram ( https://www.ncbi.nlm.nih.gov/orffinder/ ). The NDM-6 gene

as mapped and showed complete matching on scaffold 33, which

as 10 208 bases. NCBI ORFfinder program predicted a total of

8 ORFs on this scaffold. Of these, 10 were collinear and 8 were

ested ORFs (Supplementary Table S3, Supplementary Fig. S4).

owever, we found IS 30 family transposase upstream of NDM-6 in-

tead of IS Aba125 ( Fig. 1 ). We also found transposase, IS 110 family

ransposase, TnpA transposase and Transposon Tn21 resolvase up-

tream of NDM-6 (Supplementary Table S3, Fig. 1 ). The presence of

ultiple mobile elements indicates these might help dissemination

f bla NDM-6 among Enterobacteriaceae members. Moreover, for the

rst time, we found the bleomycin gene to be mapped as nested

RF within a hypothetical ORF downstream of NDM-6 in AK-8, in

ontrast to earlier reports [4] . 

The promoter of NDM was recently documented to be in part

f the inverted repeat upstream of IS Aba125 [5] ; however, we did

ot find IS Aba125 upstream of bla NDM-6 . Therefore, we performed

RT-PCR to investigate how the new genetic element affects the

xpression of bla NDM-6 . In the presence of imipenem, we found sig-

ificantly high expression of bla NDM-6 , i.e. 4.75-fold compared with

la NDM-1 , associated with IS Aba125 . However, when strains were

rown in the absence of imipenem, a low level of bla NDM 

expres-

ion was observed, indicating its constitutive expression (Supple-

entary Fig. S5, Table S4). This constitutive expression indicates

hat bacteria might be an opting strategy for NDM as an integral

art of its existence. We urge policymakers to implement judi-

ious use of antibiotics across all healthcare settings to impede the

mergence of resistance. 

The bla NDM-6 sequence was deposited at the NCBI database un-

er accession number KJ872581. The whole genome next genera-

ion sequencing project was deposited at DDBJ/ENA/GenBank un-

er accession number MRVL0 0 0 0 0 0 0 0. 
rved. 
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Fig. 1. Genetic map representing IS30 transposase upstream and bleomycin, as nested ORF, downstream of bla NDM-6 . 
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