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Dissemination of NDM-1

We read Timothy Walsh and colleagues’ 
Article1 about the dissemination of 
NDM-1-positive bacteria in New Delhi. 
The fi ndings are very relevant to the 
situation in India at present and have 
created a lot of debate; however, we 
wish to raise a few concerns about the 
methods used by the investigators. 

First, only 15 mL of water was 
collected for each sample; however, 
according to UK Health Protection 
Agency guidelines for collection of 
water samples, at least 500 mL of 
water should be collected in sterile 
bottles containing neutralisers, and 
water should be submitted to the 
testing laboratory within 24 h of 
collection.2 How were water samples 
from 50 individual sites in New Delhi 
collected and sent by personal courier 
to the UK so that they reached the 
testing centre on time? 

Second, the investigators used 
1 μL of sewage water swab suspension 
directly as a DNA template to detect 
blaNDM-1 by PCR amplifi cation. This 
method is quite surprising—generally 
we extract DNA fi rst, either by the 
classic phenol, chloroform, isoamyl 
alcohol method or with kits using 
guanidinium thiocyanate, and we use 
the precipitated and purifi ed DNA for 
PCR reaction.3 The low quantity of 
DNA in unprocessed swab suspension 
might explain why, for eight swabs, 
PCR product was not visible in 
agarose gel but was detected by use of 
Southern blotting with a blaNDM-1 probe. 
The investigators might have missed 
some NDM-1-positive specimens and 
the true prevalence of NDM-1-positive 
bacteria in India might be higher than 
reported in this study. Furthermore, 
direct use of swab suspension might 
explain the presence of endonucleases, 
leading to DNA degradation and 
resulting in a smeared appearance of 
PCR product in some specimens.

Third, specimens that tested positive 
for blaNDM-1 with PCR were subcultured 
on antibiotic-containing MacConkey 
agar. Identifi cation and measurement 

of the minimum inhibitory con-
centration of the isolates were done 
with automated systems, and further 
serotyping was done with antisera. 
The investigators should have used 
another non-inhibitory media 
because although all enterobacteria 
grow on MacConkey agar, many 
non-fermenters do not, which might 
explain why bacteria were isolated in 
only 12 of the 51 PCR-positive sewage 
specimens.4 Furthermore, sero-
typing from a selective media is not 
recommended.

Although this study is still the subject 
of continuing debate, it has motivated 
the Indian government to take action. 
To generate scientifi c evidence on 
prevailing trends of antimicrobial 
resistance in India, the Indian Council 
for Medical Research has invited 
research proposals from scientists 
across the country. Additionally, 
a much-needed national policy 
for containment of antimicrobial 
resistance has been drafted that 
aims to create a national surveillance 
system for antibiotic resistance and 
use of antibiotics in human, veterinary, 
and industrial sectors. The scientifi c 
community in India is heading in the 
right direction. Large-scale multi-
centre studies and an emphasis on 
multisectorial coordination be tween 
laboratories and research facilities will 
enable the development of much-
needed antibiotic policies to control the 
emergence and spread of antimicrobial 
resistance in India. 
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In The Lancet Infectious Diseases, 
Karthikeyan Kumarasamy and 
colleagues1 reported that blaNDM-1-
containing bacteria was isolated 
from a few patients in India, Pakistan, 
and Bangladesh. Subsequently, 
Timothy Walsh and colleagues2 
identifi ed blaNDM-1-carrying bacterial 
species from the Enterobacteriaceae, 
Aeromonadaceae, Vibrionaceae, and 
Pseudomonadaceae, and some other 
non-fermenters, in New Delhi water 
samples. The emergence and rapid 
environmental dissemination of 
NDM-1 in a densely populated country 
like India is a very worrying scenario. 

We believe that poor management of 
the hospital environment and medical 
waste could be one of many routes 
of environmental dissemination of 
pathogens, especially in south Asian 
countries. For example, in Bangladesh 
and India, medical facilities rarely 
have provision for internal waste 
treatment, and solid hospital waste is 
often disposed of without proper care 
on hospital premises3 and liquid waste 
from hospitals fl ows with sewage into 
open ditches and urban river systems. 

Wild animals, and birds in particular, 
can carry and spread multidrug-
resistant bacteria and CTX-M-carrying 
bacteria.4 However, the prevalence 
of infection in birds living close to 
people is probably related to the 
extent of antibiotic resistance in the 
environment.4,5 

During a research trip to 
Bangladesh in 2010, we analysed 
150 faecal samples from gulls 
along the coastline and 238 faecal 
samples from crows in the grounds 
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to stop further spread of these 
dangerous pathogens.
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of Rajshahi Medical College Hospital 
and Chittagong Medical College 
Hospital to detect blaNDM-1 expression. 
We enriched every sample with 
brain–heart infusion broth 
supplemented with vancomycin 
(16 mg/L) for 18 h at 37°C, followed 
by inoculation and overnight culture 
at 37°C on chromID extended-
spectrum β-lactamase (ESBL) plates. 
We isolated bacterial colonies and 
verifi ed the identity of species by 
biochemical testing and with API 
20E biochemical strips. We used 
the cefpodoxime and cefpodoxime 
plus clavulanic acid double disc test 
to measure ESBL production. We 
isolated ESBL-producing Escherichia 
coli, Enterobacter cloacae, Klebsiella 
pneumoniae, Citrobacter freundii, 
and Raoultella terrigena from the 
bird faeces. More than 59% of crow 
faeces and 27% of gull faeces were 
ESBL-positive phenotypically. To 
detect blaNDM-1 in these samples, 
we developed a quantitative PCR 
with the K pneumoniae plasmid 
pKpANDM-1 sequence6 and Primer3 
software.7 We designed a forward 
primer (NDM1_123F: 5 -́CGG CGT 
AGT GCT CAG TGT C-3 )́ and reverse 
primer (NDM1_281R: 5 -́GCC CGC 
TCA AGG TAT TTT AC-3 )́ and used 
iQ SYBR Green Supermix. All isolates 
were negative for blaNDM-1.

We believe that birds that live close 
to people might be transmitting 
ESBL-producing bacteria from 
hospital to community. Bangladesh 
shares borders with India, and many 
people from both countries cross 
them for trade, medical treatment, 
and other reasons. The presence of 
NDM-1 in the environment is a sign 
of wide dissemination in India, and 
Bangladesh will probably be the next 
country to be aff ected by NDM-1-
carrying bacteria. Although we did 
not detect NDM-1 in Bangladeshi 
bird faeces, the presence of NDM-1 
in Bangladesh cannot be ruled 
out. Environmental reservoirs of 
NDM-1-carrying bacterial strains in 
Bangladesh now need to be identifi ed 

I read the Article by Timothy Walsh and 
colleagues1 regarding environmental 
dissemination of NDM-1 in New 
Delhi with interest. In the research 
in context panel of the Article, the 
researchers state that none of the 
studies of carbapenemases that they 
found had examined waste material 
or drinking water. However, Quinteira 
and Peixe2 reported isolation of blaVIM-2 
from sewage (24 isolates), rivers 
(17 isolates), pig faeces (seven isolates), 
ambulatory patients (seven isolates), 
and a healthy person from Portugal, 
and emphasised the importance of 
surveying environmental strains that 
might act as a source or reservoir of 
resistance genes with clinical relevance. 

Walsh and colleagues’ claim, that 
their investigation was “the fi rst 
molecular study to examine for the 
presence of a carbapenemase gene 
and its corresponding plasmids in 
environmental bacteria”, is refuted 
by an earlier study by Pellegrini and 
colleagues,3 who identifi ed the novel 
metallo-β-lactamase gene blaIMP-22 in 
Pseudomonas spp in urban wastewater 
and in a nosocomial environment 
in Italy. Pellegrini and colleagues3 
concluded that the fi nding of blaIMP-22 
in environmental strains suggests that 
metallo-β-lactamases are continuing 
to spread in several bacterial species 
and in diff erent environments. 
These studies suggest that NDM-1 is 
following in the footsteps of VIM-2 
and IMP-22, and that its dissemination 
is expected.

The new fi ndings in Walsh and 
colleagues’ Article were the transfer 
frequencies of plasmids by isolates 
into diff erent recipient species at 
diff erent temperatures. However, 
contradictions in the results and 
discussion exist—eg, the investigators 
report that plasmid transfer into 
Salmonella enterica serotype enteritidis 
and Shigella sonnei was less effi  cient 
than transfer into Escherichia coli, 
but their conclusion that plasmids 
were transferred to all three species 
at higher frequencies at 30°C than at 
25°C is misleading because transfer 
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