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ABSTRACT
Objective: Carbapenemase-producing Escherichia coli is continuously increasing each year leaving the clinician with limited 

treatment options. The current study aimed to determine the efficacy of phenotypically used combined disc test (CDT) and dou-
ble disc synergy test (DDST) and the antibiogram of carbapenemase inducing E. coli.

Methods: A total of 31,384 samples collected from various clinical sources were processed microbiologically. Culture positive 
samples were further processed to identify the organism with API 10S and biochemical testing. For the phenotypic characterisa-
tion of carbapenemase production, CDT and DDST were used. The antibiogram of carbapenemase-producing was observed 
using disc diffusion method.

Results: We included 70 E. coli in our study based on resistance to any of the carbapenem antibiotic. The comparison of 
these two phenotypic tests showed that DDST was positive in 95.7% of the cases while CDT came out positive in all the cases. All 
of the isolates were found to be resistant to cefotaxime, cefixime, ceftazidime, ceftriaxone, cefuroxime, moxifloxacin, imipenem 
and meropenem. There were 61 (87.1%) isolates which exhibited resistance to levofloxacin, 55 (78.6%) to piperacillin-tazobact-
am, 48 (68.6%) to amikacin and 23 (32.9%) to colistin sulphate. Among the urinary antibiotics, the bacterial strains showed less-
er resistance against nitrofurantoin (15; 50%).

Conclusion: CDT found more accurate, cost-effective, easy to perform and simple in the interpretation of results. The iso-
lates were found comparatively less resistant to amikacin and colistin while nitrofurantoin was the only choice among the uri-
nary isolates.
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INTRODUCTION

Escherichia coli is a Gram-negative opportunistic bacillus that is 
generally found in the gastrointestinal tracts of animals and human and 
can be distinguished from Shigella and Salmonella due to its lactose fer-
mentation property1). The nonpathogenic strains of E. coli are part of gut 
flora that benefits their hosts by producing vitamin K2

2). The pathogenic 
strains of E. coli possess significant etiological factors responsible for 
causing bacteremia, bronchopneumonia, diarrhoea and multiple system-
ic infections including urinary tract infection3). Normal flora of mother's 
birth canal can be colonized by E. coli in the neonates, leading to neona-
tal meningitis4). The risk factors of bacteremia by E. coli include organ 

transplantation, neoplastic disease and dialysis5). 
Hospitals are the primary source of transmission of carbapenem-re-

sistant E. coli infections6,7). A group of enzymes called beta-lactamases 
are produced by E. coli that provide multidrug resistance against β-lact-
am ring-containing antibiotics including cephamycins, penicillins and 
carbapenems8). The emergence of the multi-drug resistant pathogens 
which can hydrolyse multiple groups of antibiotics have been reported 
in several studies9-11). 

Carbapenemases are the enzymes produced by different bacteria and 
are the most variable family of beta-lactamases. They can hydrolyze 
almost all commercially available β-lactams12). In the early 1990s, all 
carbapenemases were considered as species-specific, each having a dis-
tinct set of characteristics. However, the dispersion between species 
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now become a worldwide problem13). The identification of carbapene-
mase-producing bacteria is of significant importance because of 
increased resistance not only to the β-lactam drugs but also against other 
classes of antibiotics14). Globally, the most prevalent carbapenemases 
produced by E. coli are carbapenem-hydrolyzing oxacillinase-48 and 
New Delhi metallo-β-lactamase8). All the A-class serine carbapenemases 
are inhibited by clavulanic acid and piperacillin-tazobactam and break 
down beta-lactam drug groups, e.g. penicillin, carbapenems, cephalo-
sporins, and aztreonam12).

The clinicians have a minimal number of options left for the man-
agement against such multidrug-resistant (MDR) pathogens. In 2005, 
Food and Drug Administration (FDA) sanctioned tigecycline reinvigo-
rate the "old" antibiotics colistin and fosfomycin. Aminoglycosides 
(gentamicin and amikacin) are the only option left for the treatment 
against these multidrug pathogens13). We aimed current study to deduce 
the occurrence of E. coli having the property of carbapenemase produc-
tion and their antibiogram along with detection of carbapenemases 
using combined disc test (CDT) and double disc synergy test (DDST).

MATERIALS  AND  METHODS

This cross-sectional study was conducted in the largest tertiary care 
paediatric setting in Lahore from July 2017 to January 2018 after the 
permission from the institutional ethical review board. A total of 31,384 
specimens of blood, urine, cerebrospinal fluid (CSF), ear swabs, pus and 
catheter tips were analysed. 

The carbapenemase production was tested using the Modified 
Hodge Test (MHT). E. coli ATCC 25922 diluted in saline in contrast to 
0.5 McFarland standard using direct colony suspension was prepared. 
The diluted suspension of E. coli streaked with a swab onto the intact 
Muller Hinton (MH) plate. The test organism was streaked at MH plate 
in a straight line from one fringe of the meropenem disc to another side 
of the plate, after 10 μg meropenem disc was placed in the middle of the 
MH plate, using overnight incubation at 37℃15). 

The phenotypic detection of MBLs in E. coli those were resistant to 
carbapenem disks was performed using CDT. A solution of EDTA of 0.5 
M concentration was formulated and balanced its pH to 8.0 by using 1 
M NaOH. Two imipenem discs of 10 μg concentration were positioned 
on MH agar and desired concentration was obtained by adding 4 μl 
EDTA solution to one of them. After incubation of 18 to 20 hours at 
35℃, the comparison between zones of the imipenem and imipen-
em-EDTA discs was made. The imipenem and EDTA DDST was per-
formed to observe the upsurge zone using a filter paper disc holding 10 
μl (0.1 M) EDTA positioned 20 mm away from the imipenem disc16). 

A disc diffusion method was used to determine the antibiogram car-
bapenemase-producing E. coli. We used several antibiotics discs 
(Oxoid, UK) such as amikacin (30 μg), cefixime (5 μg), cefotaxime (30 
μg), ceftazidime (30 μg), ceftriaxone (30 μg), cefuroxime (30 μg), cip-
rofloxacin (5 μg), co-amoxiclav (20/10 μg), imipenem (10 μg), mero-

Table 1. General characteristics of the included cases
Gender Number (n) Percentage (%)

Males 31 44

Females 39 56

Total 70 100

Age Group

1-5 years 27 39

6-10 years 21 30

11-15-years 22 31

Source

Blood 31 44.3

Urine 30 42.9

Catheter tips 5 7.1

Pus 2 2.9

CSF 1 1.4

Ear swab 1 1.4

Ward Name

Nursery 15 21.4

Nephrology 14 20

Oncology 14 20

Medical 12 17.2

Outpatient Department 4 5.7

Urology 4 5.7

Surgery 3 4.3

Cardiac Ward 2 2.9

Neurology 2 2.9

Table 2. Phenotypic methods for the detection of carbapenemases 
(n = 70)

 Test Positive n (%) Negative n (%)

 DDST 67 (95.7) 3 (4.3)

 CDT 70 (100) 0

Table 3. Antibiogram of carbapenemase producing E. coli 
(n = 70)

Antibiotic
  Resistant n   Sensitive n   Intermediate 

  (%)  (%)  sensitive n (%)

Cefotaxime 70 (100) 0 0

Cefixime 70 (100) 0 0

Ceftazidime 70 (100) 0 0

Ceftriaxone 70 (100) 0 0

Cefuroxime 70 (100) 0 0

Moxifloxacin 70 (100) 0 0

Imipenem 70 (100) 0 0

Meropenem 70 (100) 0 0

Co-amoxiclav 68 (97.1) 0 2 (2.9)

Cefoperazone-sulbactam 62 (88.6) 6 (8.6) 1 (1.4)

Ciprofloxacin 62 (88.6) 6 (8.6) 2 (2.9)

Levofloxacin 61 (87.1) 7 (10) 2 (2.9)

Piperacillin-tazobactam 55 (78.6) 12 (17.1) 3 (4.3)

Amikacin 48 (68.6) 19 (27.1) 3 (4.3)

Colistin sulphate 23 (32.9) 44 (62.9) 3 (4.3)

Urinary antibiotics (n = 30)

Pipemidic acid 30 (100) 0 0

Nalidixic acid 26 (86.7) 3 (10) 1 (3.3)

Norfloxacin 25 (83.3) 3 (10) 2 (6.7)

Nitrofurantoin 15 (50) 14 (46.7) 1 (3.3)

Figure 1. Detection of carbapenemases by different methods 
showing; A: CDT enhancement of zones after the addi-
tion of 0.5 M EDTA. B: DDST zone enhancement with 
the synergistic effect of imipenem with EDTA. C: MHT 
"Clover-leaf" appearance.



Characterisation of Carbapenemase-Producing E. coli 157

penem (10 μg), moxifloxacin (5 μg), nalidixic acid (30 μg), levofloxacin 
(5 μg), cefoperazone-sulbactam (75/30 μg), nitrofurantoin (300 μg), 
norfloxacin (10 μg), pipemidic acid (20 μg) and piperacillin-tazobactam 
(100/10 μg) to report the antibiogram. The minimum inhibitory concen-
tration (MIC) of colistin was reported by the E-test strips (Liofilchem, 
Italy).

RESULTS

We isolated 863 (2.7%) laboratory-confirmed E. coli from the total 
of 31,384 clinical specimens. A total number of 70 cases of carbapene-
mases producing E. coli were observed out of which 31 (44%) were 
male and 39 (56%) were females. The cases were distributed as 39%, 
30% and 31% among the three age groups 1-5, 6-10 and 11-15 years, 
respectively. The MBL strains of E. coli were mainly isolated from 31 
(44.3%) blood, 30 (42.9%) urine, 5 (7.1%) catheter tips, 2 (2.9%) pus, 1 
(1.4%) CSF and 1 (1.4%) ear swab. These specimens were collected 
from various wards, primarily 14 (20%) samples were collected from 
oncology ward and 14 (20%) from nephrology ward (Table 1).

All of the strains were MHT positive, and DDST and CDT did the 
confirmation of carbapenemase-producing strains. The comparison of 
these two phenotypic tests showed that DDST was positive in 95.7% of 
the cases while CDT came out positive in all the cases (Table 2). 

The processed strains showed 100% resistance to cefotaxime, cefix-
ime, ceftazidime, ceftriaxone, cefuroxime, moxifloxacin, imipenem and 
meropenem. Sixty eight (97.1%) strains were resistant to co-amoxiclav, 
62 (88.6%) cefoperazone-sulbactam and ciprofloxacin (each). There 
were 61 (87.1%) isolates which exhibited resistance to levofloxacin, 55 
(78.6%) to piperacillin-tazobactam, 48 (68.6%) to amikacin and 23 
(32.9%) to colistin sulphate. Among the urinary antibiotics, the bacterial 
strains showed lesser resistance against nitrofurantoin (15; 50%). Rest 
of antibiogram against various drugs is shown in Table 3.

DISCUSSION

In any hospital settings, carbapenem group is used as the last card in 
clinician's sleeve against MDR Gram-negative pathogens. Several 
reports are available for determination of risk factors for the emergence 
of metallo-beta-lactamases in hospitalized and non-hospitalized 
patients17). The current study is focused on confirmation of the carbapen-
em resistance in E. coli due to MBL production. The detection of MBL 
is immensely important because the MBL producing isolates can dis-
seminate within an institution so rapidly leading to therapeutic failure 
and hence poor outcomes18,19). Simple and rapid screening methods are 
required for detection of the MBL producing pathogens that are highly 
prevalent worldwide.

In the present study, a total of 31 (44%) male patients and 39 (56%) 
female patients were included. The gender distribution among the car-
bapenemase-producing strains slightly vary in different studies16). 
Majority of our cases were identified from nursery (21.4%), nephrology 
(20%) and oncology (20%) and medical (17.2%) wards. Zamoranos et 
al. studied in a tertiary hospital of Greek showing a higher number of 
isolates from medical intensive care unit (27.0%), surgical ward 
(25.6%), medical ward (24.4%) and organ transplant unit (19.0%)20).

The major MBL producing E. coli were isolated from the specimens 
of blood (44.3%) and urine (42.9%). Higher number of MBL producing 
E. coli have been reported from urine (n = 153; 29.1%) blood (n = 132; 
24.7%), surgical wounds (n = 86; 16.5%) and less number of E. coli 
from cerebrospinal fluid, pleural fluid or peritoneal tap (n = 28; 5.3%)21). 
All of the E. coli were 100% resistant to meropenem and imipenem in 
our study which is comparable with a study from India which reported 
all of the strains were resistant against meropenem and imipenem22). A 
study from India reported 71% of clinical isolates as MBL type of car-
bapenemases23).

A study carried out in the Asia Pacific showed 443/696 (63.6%) E. 
coli strains, and carbapenem resistance was confirmed using MHT24). 
The sensitivity of MBL screening methods (DDST and CDT) have been 
reported from 97% to 100%16). DDST has been used to report 47 
(33.3%) clinical isolates of E. coli as MBL producers while CDT in 
another study from the United States reported 39 (39.9%) of the carbap-
enem-resistant MBL producing E. coli25). We found CDT as a more 
effective screening method than DDST. 

The antibiogram of MBL producing isolates showed 100% resis-
tance to cephalosporins and carbapenem drugs with very high resistance 

to co-amoxiclav and fluoroquinolones. Comparatively, lesser resistance 
was observed against piperacillin-tazobactam, amikacin and colistin sul-
phate. All the carbapenemase-producing strains showed resistance to 
beta-lactam cephalosporin drugs, quinolones and moderate resistance to 
some other classes of antibiotics except the colistin15). A similar finding 
has been reported previously except the higher rate if resistance to ami-
kacin16). The MBL isolates exhibited > 89% resistance to aminoglyco-
sides, > 90% resistance to carbapenems and 100% resistance to cephalo-
sporins. The resistance rate against colistin and polymyxins B was 
26.8% and 19.6%, respectively26). The most common urinary pathogen 
needs serious attention to treatment is E. coli27). The resistance against 
the urinary antibiotics (pipemidic acid, nalidixic acid and norfloxacin) 
in our study was from 83% to 100%. A lower resistance was seen 
against the nitrofurantoin (50%), but the use of this drug is mostly in the 
prophylaxis. Multi-drug resistant urinary isolates can be treated with 
piperacillin-tazobactam effectively, and nitrofurantoin could be a good 
option in prophylaxis28). In vitro studies suggest the combined use of 
colistin, carbapenems, tigecycline and fosfomycin treat the resistant 
strains29). The resistance against the several different groups of antibiot-
ics could develop amongst the Gram-negative bacteria due to the com-
bined drug resistance mechanisms (carbapenemases, AmpC and ESBL) 
which make these superbugs untreatable30,31).

CONCLUSION

It was concluded that DDST and CDT tests could be used reliably 
for the phenotypic characterisation of carbapenemases. CDT found to 
more accurate, cost-effective, easy to perform and simple in the inter-
pretation of results. The current study confirmed that a high level of 
antibiotic resistance (even pandrug resistance) to various classes of 
drugs in carbapenemase producing E. coli. The isolates were found 
comparatively less resistant to amikacin and colistin while nitrofuranto-
in was the only choice among the urinary isolates. An emphasis to 
observe and report the dissemination of carbapenemase resistance 
among the other enterobacteria is recommended to understand the 
expansion of drug resistance and to implement strategies to combat this 
scenario. 
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