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INTRODUCTION
The rapid developments in the field of antibiotic research
have been largely offset by emerging problem of
antimicrobial resistance.1 This has been due to various
mechanisms including but not limited to gene mutations,
resistance enzymes, efflux pumps and biofilm
formation.2 Non-judicious use of antimicrobial agents
and improper antiseptic measures by the healthcare
providers have further complicated the issue leading to
the emergence of Multi-Drug Resistant (MDR) bacteria.3
MDR bacteria like Extended Spectrum Beta-Lactamase
(ESBL) producing Gram Negative Rods (GNRs) make
the infection management difficult and also increase the
mortality and morbidity.4 ESBLs are enzymes which
confer resistance in bacteria against all penicillins, most
cephalosporins and the monobactams.5 The need to
evaluate the efficacy of newer antimicrobial groups in
ESBL infections is of paramount importance.6

Carbapenem is a group of β-lactam antibiotics which act
by inhibiting cell wall synthesis.7 They have a diverse
spectrum of activity against anaerobes, Gram positive
and Gram negative bacteria.7 Colistin is a polymyxin,
first discovered in 1960s. It acts by disrupting active
transport function of the cell membrane, and is active
against infections caused by Gram negative bacilli.7,8

The neurotoxic and nephrotoxic effects of the agent are
dose-related and reversible so it can be a useful option
for the management of infections by multi-drug resistant
and pan-drug resistant bacteria.8 Tigecycline is a newer
semi-synthetic broad spectrum antibiotic which is active
not only against Gram positive, Gram negative bacteria,
anaerobes but also against atypical bacteria.3,9

However, it is less effective against Pseudomonas spp.
and Proteus spp.3 It can counter the bacterial resistance
by by-passing the efflux pump mechanism and also by
binding avidly to the ribosomal receptors.3

Timely detection of infections by ESBL producing GNRs
and proper management in light of the culture and
susceptibility report is of prime importance to prevent the
spread of these strains. This study was aimed to
compare the in vitro efficacy of meropenem, colistin and
tigecycline against extended spectrum β-lactamase
producing Gram negative bacilli.
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ABSTRACT
Objective: To compare the in vitro efficacy of meropenem, colistin and tigecycline against extended spectrum Beta-
lactamase producing Gram negative bacilli by minimal inhibitory concentration.
Study Design: Cross-sectional descriptive study.
Place and Duration of Study: Department of Microbiology, Army Medical College, National University of Sciences and
Technology, Rawalpindi, from June to December 2010.
Methodology: Routine clinical specimens were subjected to standard microbiological procedures and the isolates were
identified to species level. Extended spectrum β-lactamase producing Gram negative bacilli were detected by Jarlier disc
synergy method and confirmed by ceftazidime and ceftazidime-clavulanate Etest. Minimum Inhibitory Concentration
(MIC90) of meropenem, colistin and tigecycline was determined by Etest (AB BIOMERIUX) and the results were

interpreted according to the manufacturer's instructions and Clinical and Laboratory Standards Institute guidelines and
Food and Drug Authority recommendations. Results were analyzed by using Statistical Package for the Social Sciences
version 20.
Results: A total of 52 non-duplicate extended spectrum Beta-lactamase-producing Gram negative bacilli were included in
the study. The MIC90 of tigecycline (0.75 µg/ml) was lowest as compared to the meropenem (2 µg/ml) and colistin (3

µg/ml).
Conclusion: Tigecycline is superior in efficacy against the extended spectrum Beta-lactamase producing Gram negative
bacilli as compared to colistin and meropenem.
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METHODOLOGY
This comparative, cross-sectional study was conducted
in the Department of Microbiology, Army Medical
College, National University of Sciences and
Technology, Islamabad, from June to December 2010.
Routine clinical specimens including urine, pus, blood,
sputum, High Vaginal Swabs (HVS), fluids and tissues
were cultured on blood, MacConkey and chocolate
agars (Oxoid). The isolates were identified to species
level by standard microbiological procedures like Gram
staining, colony morphology, biochemical tests and
Analytical Profile Index (API)- 20 E, if required.10,11

Antimicrobial susceptibility was determined by Kirby
Bauer disc diffusion method and ESBL detection was
done by disc synergy method.12,13 The total number of
ESBLs isolated during the study period was quite high
(n=348) however, due to financial constraints, 65
isolates (chosen by random selection) were subjected
for confirmation of ESBL production to Etest using
ceftazidime plus ceftazidime-clavulanate Etest strip
(AB Biodisk, Solna, Sweden).14 A total of 52 ESBL Etest
positive specimens were subjected to minimum
inhibitory concentration determination of meropenem,
colistin and tigecycline by Etest method. All samples
from the same patient during the same episode of illness
were excluded.

A 0.5 McFarland's suspension of each isolate was
prepared and applied on three Mueller Hinton Agar
plates. Etest strips (AB Biodisk, Solna, Sweden) for
meropenem, colistin and tigecycline were applied on the
separate inoculated plates which were then incubated at
37°C for 16 - 24 hours. The results were read according
to the manufacturer's instructions and interpreted by
Clinical and Laboratory Standards Institute (CLSI)
guidelines for meropenem, Galani et al. for colistin and
Food and Drug Authority (FDA) recommendations for
tigecycline.5,15-17 MIC50 and MIC90 values of the three
antimicrobial agents were calculated by cumulative
percentage by calculating the percentage isolates
exhibiting a particular MIC value and then arranging
these MICs in ascending order (Table I). MIC50 was
defined as that value of MIC which corresponded to the
50% of the isolates and MIC90 was defined as that value
of MIC which corresponded to 90% of the isolates
(Table I). The in vitro efficacy of the three antibiotics
were compared descriptively on the basis of the lowest
MIC90 value as a marker of better in vitro efficacy.

Results were analyzed on the Statistical Package for the
Social Sciences (SPSS) version 20. Descriptive
statistics were used to describe the results i.e. frequency
and percentage were calculated for qualitative variables
like isolation of ESBL producers in various clinical
specimens and among different GNRs. Kruskal-Wallis
test was applied to compare MIC of the three groups.
A p-value < 0.05 was considered as significant.

RESULTS
Out of a total of 52 ESBL producing Gram negative
bacilli, 40.4% were isolated from urine (n=21), followed
by 19.2% from pus (n=10), 13.5% from Catheter tips
(n=07), 7.7% from high vaginal swab (n=04), 5.8%
(n=03) each from sputum and blood and only 3.8%
(n=02) were isolated from body fluids and tissues.
Escherichia coli (E. coli) was found to be the commonest
(51.9%, n= 27) of the ESBL producing organisms during
the period of this study, followed by Klebsiella
pneumoniae (K. pneumoniae) (30.7%, n=16),
Enterobacter spp. (9.6%, n=05) and only 7.7% (n=04)
were found to be Klebsiella oxytoca (K. oxytoca). Taking
≤ 1.0 µg/ml as susceptible, 2.0 µg/ml as intermediate
and ≥ 4.0 µg/ml as resistant for meropenem, 86.5% of
the isolates were found to be susceptible, 11.5%
intermediate and 1.9% resistant. In case of colistin,
taking ≤ 2.0 µg/ml as susceptible and ≥ 4.0 µg/ml as
resistant, 95.9% were found to be susceptible and 3.8%
in intermediate range.14 For tigecycline, ≤ 2.0 µg/ml was
taken as susceptible and ≥8.0 µg/ml as resistant.
Accordingly, 96% isolates were found to be susceptible
and 3.8% intermediate and none was found to be
resistant.7,16

The MIC values for meropenem ranged from 0.032 - 4.0
µg/ml with a median value (Q2) 0.064 µg/ml and Q1 and
Q3 (25th and 75th percentile) values 0.047 µg/ml and
0.094 µg/ml respectively (Figure 1). For colistin, the
range was 0.094 - 3 µg/ml, median (Q2) 0.38 µg/ml and
Q1 and Q3 (25th and 75th percentile) values 0.38 µg/ml
and 0.56 µg/ml respectively (Figure 1). For tigecycline,
the range was 0.064-3.0 µg/ml, median value (Q2) 0.38
µg/ml and Q1 and Q3 (25th and 75th percentile) values
were 0.25 µg/ml and 0.5 µg/ml respectively (Figure 1).
The interquartile range values of the three antimicrobial
agents are elaborated in Table II. The difference in MICs
of meropenem, colistin and tigecycline was evaluated by
Kruskal-Wallis test which revealed a chi-square value
56.5, degree of freedom 2 and a p-value of 0.00

In vitro efficacy of meropenem, colistin and tigecycline against the extended spectrum beta-lactamase producing gram negative bacilli

Journal of the College of Physicians and Surgeons Pakistan 2015, Vol. 25 (5): 342-345 343

Figure 1: Box-plot of the MIC values of Meropenem, Colistin and Tigecycline.

 



indicating a statistically significant difference. The MIC50
values of tigecycline, colistin and meropenem were
found to be 0.064 µg/ml, 0.38 µg/ml and 0.38 µg/ml
respectively while MIC90 values of tigecycline, colistin
and meropenem were 0.75 µg/ml, 2 µg/ml and 3 µg/ml
respectively (Table I). Since a lower concentration of
tigecycline was able to inhibit the growth of 90% of the
isolates (MIC90), therefore, it is more potent as
compared to the other two antimicrobials. This suggests
that tigecycline is the most reliable option for the
treatment of infections caused by ESBL producing
GNRs as compared to colistin and meropenem.

DISCUSSION
Keeping in view the limited treatment options in GNRs
producing ESBLs, this study was planned to evaluate
the efficacy of the drugs as old as colistin and the newer
ones like meropenem and tigecycline. Though the use of
colistin remained obsolete for many years, presently it is
recommended that it can be used with proper dose
adjustments.8 The dose of colistin for patients with
normal renal function is 80 - 160 mg (1 - 2 million IU)/8
hours.18 The dose of colistin in patients with estimated
Creatinine Clearance (CrCl in ml/minute) of 50 - 90, 10 -
50 and < 10 should be reduced to 160 mg (2 million
IU)/12 hours, 160 mg (2 million IU)/24 hours and 160 mg
(2 million IU)/36 hours respectively.18 Unlike colistin, no
renal dose-adjustment is required for tigecycline,
however, hepatic dose-adjustment is required for it.18

Tigecycline is given as 100 mg intravenous stat followed
by 50 mg twice a day. In case of severe hepatic
impairment, the dose is reduced to 25 mg twice a day.18

Regarding suitability in pregnancy, meropenem belongs
to class-B, colistin to class-C and tigecycline to class-D

which means that tigecycline has a definite human risk
but the benefit may outweigh the risk.18

In this study, tigecycline was found superior in the in-
vitro efficacy against ESBL producing Gram negative
bacilli as compared to meropenem and colistin, as
demonstrated by its lower MIC90. Taking a look on
studies conducted in various parts of the world, it has
revealed diverse findings. Kiratisin et al. found colistin
and tigecycline to have comparable efficacy, however,
Punpanich et al. found that meropenem demonstrated
better antimicrobial activity against ESBL-producing
Gram negative bacilli as compared to colistin.19,20 In
another study, Souli et al. compared the MIC90 value of
tigecycline against ESBL producing Escherichia coli and
Klebsiella pneumoniae and found it to be 0.5 µg/ml and
2.0 µg/ml.21

In contrast to the present results, a study conducted
by Naesens et al. found that tigecycline is not a
reliable option for ESBL producing Enterobacteriaceae
since MIC90 values of tigecycline for ESBL producing
Escherichia coli, Klebsiella pneumoniae and Entero-
bacter spp. were found to be 1.5 µg/ml, 4 µg/ml and 12
µg/ml respectively.22 In a study conducted by Jamal et
al., MIC90 values of tigecycline and meropenem were
found to be 0.25 and 0.05 µg/ml against the ESBL
producing GNRs thus revealing a better efficacy of
meropenem as compared to tigecycline.23 In another
study on ESBL producing Escherichia coli, Zhanel et al.
found meropenem (MIC: ≤ 0.12 mg/dl) to have better
in vitro efficacy as compared to colistin and tigecycline
(MIC: 1.0 mg/dl both).24

Although the research is going on in developing newer
antimicrobial agents yet their rate of development is
quite slow.6 Hence, judicious use of antibiotics and
appropriate antiseptic measures are the prime require-
ments in order to curtail the ever increasing resistance.6
The broad-spectrum antibiotics should be used
empirically only in the serious infections and when the
facility for susceptibility testing is not available.6 The
authors further recommend a large scale in vivo study in
order to compare the in-vivo efficacy of these three
antimicrobial agents against ESBL producing GNRs.
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Table I: Minimum Inhibitory Concentrations (MIC) of Meropenem, Colistin and Tigecycline against ESBL producers.

Meropenem Colistin Tigecycline

MIC (µg/ml) Percentage MIC (µg/ml) Percentage MIC (µg/ml) Percentage

0.032 21.1 0.094 3.8 0.064 1.9

0.047 25 0.125 1.9 0.125 3.8

0.064 25 0.19 1.9 0.19 11.5

0.094 15.4 0.25 9.6 0.25 19.2

1.5 3.8 0.38 44 0.38 15.4

3.0 7.7 0.5 13.5 0.5 25

4.0 1.9 0.75 7.7 0.75 15.4

1.5 5.8 1.0 3.8

2.0 7.7 3.0 3.8

3.0 3.8

MIC50 = 0.064 µg/ml MIC50 = 0.38 µg/ml MIC50 = 0.38 µg/ml

MIC90 = 3.0 µg/ml MIC90 = 2.0 µg/ml MIC90 = 0.75 µg/ml

Table II: Interquartile range values of MICs of Meropenem, Colistin and
Tigecycline.

Interquartile Meropenem MIC Colistin MIC Tigecycline MIC

range (µg/ml) (µg/ml) (µg/ml)

Q4-Q3 3.91 2.44 2.5

Q3-Q2 0.03 0.182 0.12

Q2-Q1 0.017 0.0 0.13



CONCLUSION
The lower concentration of tigecycline required to inhibit
90% of isolates (MIC90) as compared to the colistin and
meropenem indicates that tigecycline is superior in
efficacy against the ESBL producing Gram negative
bacilli as compared to colistin and meropenem.
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