
Introduction 
Carbapenem group of antibiotics is one of the most 
potent drugs that has been used as a last resort to treat 
infections caused by multi-drug resistant (MDR) gram-
negative bacilli.1 According to standardised international 
terminology created by the European Centre for Disease 
Control (ECDC) and the Centre for Disease Control and 
Prevention (CDC), Atlanta, MDR was defined as non-
susceptible to at least one agent in three or more 
antimicrobial categories, extensively drug-resistant 
(XDR)as those non-susceptible to at least one agent in all 
but two or fewer antimicrobial categories, meaning that 
bacterial isolates remain sensitive to only one or two 

categories, and pan-drug-resistant (PDR) as those non-
susceptible to all agents in all antimicrobial categories.2 
Indiscriminate use of carbapenems without proper 
diagnosis has, however, resulted in the emergence of 
carbapenem-resistant bacteria,3 reported from countries 
around the globe.4 To deactivate the drugs, such bacteria 
encode diverse carbapenemases which are beta (β)-
lactamases, having the ability to hydrolyse most β-
lactams, including carbapenems5. Infections caused by 
bacteria resistant to carbapenems often fail to respond to 
conventional therapy, and there are reports that blood 
stream infections due to such bacteria can lead to 50% 
mortality.4 A variety of carbapenemases have been 
reported in enterobacteriaceae which are classified into 
Ambler class A, B and D β-lactamases.4,6 Class-B β-
lactamases are considered to be the most efficient 
carbapenemases that possess highest activity, and often 
of the imipenemase (IMP), veronaintegron-encoded 
metallo-β-lactamase (VIM) and New Delhi metallo-β-
lactase-1(blaNDM-1) types.4 The blaNDM-1 is a broad-
spectrum β-lactamase with the ability to hydrolyse most 
of the β-lactams except aztreonam.6 It was initially 
discovered in 2008 in a Swedish patient of Indian origin, 
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but now have been reported worldwide with most of the 
cases tracked to India and Pakistan.7,8 Cases have been 
reported from various places, including the United 
Kingdom, Canada,  France,  China, Japan, Oman, Iraq, 
Bangladesh and the United States.8,9 The emergence of 
carbapenem resistance, mostly associated with 
enterobacteriaceae, rose with the ability of rapid clonal 
distribution due to its presence on mobile elements such 
as plasmids.7 In the subcontinental context, the isolation 
of blaNDM-1 from common bacterial species, like 
Klebsiella(K.) pneumonia and Escherichia(E.) coli and 
approximately 1.5 billion population reservoirs are deeply 
disconcerting public health worldwide.4 There are 
random reports of the isolation of blaNDM-1, mainly of E. 
coli and K. pneumoniae from different parts of 
Pakistan.7,10-12 However, such studies have never been 
reported from the province of Balochistan. The current 
study was planned to identify the prevalence and 
epidemiology of blaNDM-1 producers in clinical samples 
from 2 tertiary care hospitals in Balochistan, Pakistan. 

Patients and Methods 
The cross-sectional study was conducted from April to 
August 2018 at the Biotechnology Laboratory, 
Balochistan University of Information Technology 
Engineering and Management Sciences (BUITEMS), 
Quetta, Hi-tech Laboratory, Centre for Advance Studies 
in Vaccinology and Biotechnology (CASVAB), University 
of Balochistan, Quetta, and Microbiology Laboratory, 
Bolan Medical Complex Hospital, Quetta, after approval 
from the ethics committee of Bolan Medical Complex 
Hospital, Quetta. 

Patients regardless of gender and age were recruited 
from surgical wards, outdoor patient departments (OPDs), 
burns wards, OPD and burns intensive care unit (ICU) of 
Bolan Medical Complex Hospital and Sandeman 
Provincial Hospital, two tertiary care hospitals in Quetta, 
which treat patients from the whole province as well as 
from Afghanistan. Informed consent was taken from all 
recruited subjects. The sample size was calculated and 
interpreted in accordance with the Principles and 
Procedures of Statistics: A Biometrical Approach.13 
According to the data taken from the burns and surgical 
units of the hospitals, the number of patients per annum 
varied from 3000 to 3500 from 2016 to 2018. In 2018, the 
number was 3048 and 10% of it was taken as the sample 
size which was rounded off to 300 patients. 

Detailed clinical history was recorded for each patient 
regarding wound, time and duration of pus discharge, 
previous antibiotic therapy, pre-existing clinical 
complications and the areas/climate from where they 

belonged to. Those included were patients taking 
selected antibiotic therapy after going through culture 
sensitivity test, and were in good healing condition. Those 
with irrational, combination and multiple antibiotic 
therapies or with diabetes history or belonging to poor 
hygienic environment and were in poor healing condition 
were excluded.  

Those patients were preferred whose pus was still oozing 
from their wounds after several antibiotic therapies. 
Antibiotic therapy of the patients was discontinued for 72 
hours before sample collection, because specimen 
contain more bacterial load before antibiotic therapy.14 

Samples were taken aseptically in sterile 5cc syringes 
(Becton Dickinson, USA) and with sterilised cotton swabs, 
autoclaved on 121°C at 15 psi for 20 minutes. The surface 
area of the wound was cleaned with sterilised cotton. 
Efforts were made to collect fresh pus from inside the 
wound after applying slight pressure. Samples were 
labelled and transported to the microbiology laboratory 
immediately. All the samples were inoculated within one 
hour of collection. 

Conventional microbiological procedures were adopted 
for bacterial isolation from the pus samples. Each sample 
was streaked simultaneously onto Blood, MacConkey and 
Cetrimide agar plates (Oxoid, United Kingdom) and were 
incubated aerobically at 37°C for 24 hours.15 Plates were 
observed for bacterial growth and the isolated colonies 
were further triple-cloned. Isolates were identified by 
using the analytical profile index, (API) 20E and API 20NE 
system (bioMerieux, France) according to the 
manufacturer's directions. Bacterial genomic 
deoxyribonucleic acid (DNA) was extracted (Thermo 
Scientific Genomic Purification Kit, Lithuania), following 
the manufacturer's instructions. Further, 16S ribosomal 
DNA (rDNA) gene was amplified using universal primers, 
27F-5'- AGA GTT TGA TCC TGG CTC AG -3' and RD1-5'- 
AAG GAG GTG ATC CAG CC -3' for the amplification of 
internal fragment of 1500bp with initial denaturation 
95°C for 2 minutes, followed by 35 cycles of 30 seconds at 
95°C, 30 seconds at 55°C and 2 minutes at 72°C. The final 
extension was carried out at 72°C for 10 minutes.16 

Standardised antibiotic sensitivity test was performed on 
Mueller-Hinton agar plates using disc diffusion Kirby 
Bauer technique and 0.5 McFarland turbidity standard 
methods. Interpretation of the results was based on the 
Clinical and Laboratory Standards Institute (CLSI) 
guidelines.17 The minimum inhibitory concentrations 
(MICs) were determined by the E-test method (Oxoid UK, 
Liofilchem, Italy) and broth microdilution method. 
Results were interpreted according to CLSI17 and Food 
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and Drug Administration (FDA)18 breakpoints and 
recommendations.  

Modified Hodge Test (MHT) was performed for the 
phenotypic detection of class Acarbapenemase enzyme 
activity of bacterial isolates, as described by CLSI.17 
American Type Culture Collection (ATCC) strains of E. coli 
25922, K. pneumoniae BBA 1705 as positive control, and 
K. pneumoniae BBA 1706 as negative control, were used 
in the assay. 

Plasmid DNA was extracted for selected phenotypically 
carbapenem-resistant isolates using Gene JET Plasmid 
Miniprep Kit (Thermo Fisher Scientific, Lithuania), 
according to the manufacturer's instructions.  The blaNDM-1 
gene was amplified by polymerase chain reaction (PCR) 
using primers; blaNDM-1 F-5'- GGG CAG TCG CTT CCA 
ACG GT-3' and blaNDM-1 R-5'- GTA GTG CTC AGT GTC 
GGC AT -3'. The conditions for PCR were set toinitial 
denaturation at 95°C for 5 minutes, followed 30 cycles of 
95°C for 40 seconds, 58°C for 30 seconds, 72°C for 30 
seconds with final extension 72°C for 5 minutes.6,19 

Sequencing of the PCR product of 16S ribosomal 
ribonucleic acid (rRNA) and blaNDM-1 genes of the 
representative samples was carried out commercially 
through Macrogen, South Korea. Deduced sequences 
were aligned using basic local alignment search tool 
(BLAST).20 

Results  

Of the 300 samples, 100(33.3%) were from the burns 
wards, and 50 (17.7) each from the burns OPD, burns ICU, 
surgical OPD and surgical wards. Overall, 127(42.33%) 
samples showed no bacterial growth, 173(57.66%) 
exhibited bacterial growth on blood, MacConkey and 
Cetrimide agar plates after aerobic incubation at 37°C for 
24 hours. Based on cultural, biochemical and 
morphological characterisation, 9 different bacterial types 
were tentatively identified, with: staphylococcus (S.) 
aureus being the most common (Figure-1). 

All gram-negative isolates of different spp.  subjected to 
antibiogram were sensitive to a range of antibiotics 
(Table-1) except P. aeruginosa 3(1%) and K. pneumonia 
3(1%). These 6(2%) isolates were tested against 21 
antibiotics. P. aeruginosa isolates Pa-1, Pa-152 and Pa-
287exhibited a high level of resistance against β-lactam 
and non β-lactam groups of antibiotics and were kept in 
the PDR category (Figure-2). K. pneumoniae isolates Kp-58, 
Kp-117 and Kp-269 were resistant to β-lactams as well but 
Kp-58 and Kp-269 were sensitive to polymyxin B, 
tigecycline and colistin, whereas Kp-117 was sensitive to 
tigecycline only. The resistance pattern of these isolates 
indicated they were XDR (Table-2). 

Out of the 6 suspected blaNDM-1 producers, 5(83.3%) gave 
positive clover-leaf-like indentation, hileKp-269 was 
negative.  

All the 6(100%) isolates were successfully amplified for 
the 16S rDNA gene. The retrieved sequences showed 
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Table-1: Sensitivity pattern of non- Multi Drug Resistant (MDR)Pseudomonas (P.) aeruginosa and Klebsiella (K.) pneumoniae isolates. 
 
Bacterial strains Drug resistance 
                                         TOB                   SXT                    CIP                     CN                    CRO                  TZP                AMC                 CAZ                  OFX              CPM               AK             MEM            IMP 
 
P.aeruginosa                 59%                 33 %                 69 %                 43 %                   NT                  88 %                 NT                  52 %                61 %             58 %             86 %          100 %         100 % 
K. pneumoniae              NT                    38 %                 77 %                    NT                   72 %                92 %               47 %               49 %                74 %             55 %             90 %          100 %         100 % 
 

Abbreviations: NT= Not tested, TOB= Tobramycin (10μg), SXT=Cotrimoxazole (25μg), Cip= Ciprofloxacin (5μg), CN=Gentamycin (10μg), CRO= Ceftriaxone (30μg), TZP= Piperacillin/tazobactam 
(100/10μg),  AMC=Amoxicillin/clavulanic acid (30μg), CAZ= Ceftazidime (30μg), OFX= Ofloxacin (5μg), CPM= Cefepime (30μg), AK= Amikacin (30μg), MEM= Meropenem (10μg), IMP= Imipenem (10μg).

Table-2: Susceptibilities of blaNDM-1 producers. 
 
Isolate                 IPM                   TGC                  CIP                      CRO                         PB                                CT                                      Other resistance markers (Disc diffusion Method) 
                                                     MICs (μg/dL) E-test                                        MICs (μg/mL) Broth microdilution 
 
Pa-1                     >32 R             >256 R              > 32                       NT                           8 R                              16 R                    ETP, MEM, SXT, TZP, AK, CN, FOS, CLR, EN, OFX, CPM, TOB, LEV, NOR, CAZ 
Kp-58                     16 R                    2 S                  > 32                   >32 R                        1 S                              1.5 S                     ETP, MEM, SXT, AMC, TZP, AK, CN, AMP, TE, CE, FOS, CLR, EN, OFX, CXM,  
Kp-117                  16 R                  0.5 S                > 32                   >32 R                      16 R                              8 R                       ETP, MEM, SXT, AMC, TZP, AK, CN, AMP, TE, CE, FOS, CLR, EN, OFX, CXM,  
Pa-152                >32 R             >256 R              > 32                       NT                           8 R                              16 R                    ETP, MEM, SXT, TZP, AK, CN, FOS, CLR, EN, OFX, CPM, TOB, LEV, NOR, CAZ 
Kp-269                >32 R               0.12 S               > 32                   >32 R                      0.5 S                              1 S                       ETP, MEM, SXT, AMC, TZP, AK, CN, AMP, TE, CE, FOS, CLR, EN, OFX, CXM,  
Pa-287                  16 R                    8 R                  > 32                       NT                          16 R                             24 R                    ETP, MEM, SXT, TZP, AK, CN, FOS, CLR, EN, OFX, CPM, TOB, LEV, NOR, CAZ 
 

Pa, Pseudomonas aeruginosa; Kp, Klebsiellapneumoniae; NT, not tested;IMP, imipenem; TGC, tigecycline; CIP, ciprofloxacin; CRO, ceftriaxone; PB, polymyxinB; CT, colistin; ETP, ertapenem; MEM, meropenem; 
SXT, trimethoprim/sulfamethoxazole; AMC, amoxicillin/clavulanic acid; TZP, piperacillin/tazobactam; AK, amikacin; CN, gentamycin; AMP, ampicillin; TE, tetracycline; CE, cephradine; FOS, fosfomycin; CLR, 
clarithromycin; EN, enoxacin; OFX, ofloxacin; CXM. Cefixime; TOB, tobramycin; LEV, levofloxacin; NOR, norfloxacin; CAZ, ceftazidime.



100% similarity to K. pneumoniae and P. aeruginosa. 

Representative PCR-amplified products post-sequencing 
showed 99% similarity to the blaNDM-1 genes. 

 

Discussion 
The current study isolated 6 NDM-1 
positive isolates; three each of K. 
pneumoniae with XDR and P. aeruginosa 
with PDR pattern. In previous studies, 
NDM-1-positive isolates were pre-
dominantly K. pneumonia.7,21 
Concerning resistance pattern, previous 
studies depicted K. pneumoniae 
resistant to tigecycline and Fosfomycin, 
but sensitive to colistin,22 while 
divergent observations were recorded in 
the present work where K. pneumoniae 
isolate117 was sensitive to tigecycline 
but resistant to polymyxin-B and colistin, 
showing probable genetic diversity of 
the isolate. Similarly, P. aeruginosa was 
reported to be extremely sensitive to 
carbapenems, like meropenem (69.64%) 
and imipenem (78.57%), while it was 
resistant to aztreonam (71.43%).23 P. 
aeruginosa isolates 1, 152 and 287 in the 
current study displayed outstanding 
resistance against 21 antibiotics 
belonging to cephalosporins, 
monobactams, quinolones, tetracyclines, 
β-lactams, aminoglycosides, macrolides, 
phosphonic acid, penicillins, polypeptides 
and sulphonamides groups of antibiotics. 
The MICs of imipenem, tigecycline, 
ciprofloxacin, ceftriaxone, polymyxin-B 
and colistin exhibited XDR pattern for K. 
pneumoniae and PDR pattern for 
P.aeruginosa. 

Second NDM-1 K.pneumoniae clone 
was isolated and identified after 61 days 
of hospital admission in the same 
patient.24 In the current study, on 
follow-up after about 3 months of initial 
sample collection, a patient of Afghan 
origin admitted in surgical-II ward 
BMCH, harbouring NDM-1 positive 
K.pneumoniae with XDR was screened 
again and found with NDM-1 
harbouring P.aeruginosa and PDR 
pattern. 

Prevention of nosocomial infections can reduce 
propagation of MDR bacterial strains as well mortality and 
morbidity.25 The current study found that the same 
dressing table was in use in burns units which was a 
playing major role in the dissemination of such resistant 
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Figure-1: Abundance of bacterial isolates in pus samples.

Figure-2: Minimum Inhibitory Concentrations (MICs) of Pan-Drug Resistant (PDR) Pseudomonas (P.) aeruginosa.



superbugs. 

Researchers working on enterobacteriaceae family have 
shown that blaNDM-1 encoding genes are mostly present 
on plasmids.7,26 All the blaNDM-1 encoding genes in the 
current study were amplified from plasmid DNA. Our 
results indicated that sensitivity of Modified Hodge Test in 
detecting class-A carbapenemases was 83.3%.  

Conclusion 
Three isolates of P. aeruginosa displayed PDR against all 
the 21 antibiotics tested. The spread of NDM-1, 
antimicrobial resistance and the scarcity of new 
antibiotics, particularly in gram-negative bacteria, is quite 
alarming globally. The spread of these highly resistant 
bacterial pathogens can be minimised, particularly in the 
developing countries like Pakistan, by adopting standard 
waste treatment and disposal practices. Irrational use of 
antibiotics may also have been a key factor behind these 
resistant superbugs. 
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