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Introduction
The capital Dhaka city of Bangladesh is one of the world’s 

most crowded cities where about 45,000 people live per square 
Km area and an estimated 14.4 million people have made this city 
over populated.1 The rapid spread of the infection from one person 
to another is very common here because of the tropical climate, 
congested living patterns, lack of active infection control activities in 
most of the healthcare setups, inadequate pure drinking water supply, 
lack of proper sewerage and draining system, illiteracy of the peoples 
and inadequate public as well as healthcare professionals knowledge 
on occupational hygiene and infection control.2 Rate of infections 
among the hospitalized patients and in the community is very high, 
and still to date, antibiotics are sold more frequently without having a 
legal prescription and uses of antibiotics are found irrational in many 
cases.3 Antimicrobial resistance (AMR) is a major concern not only 
for the local population of Dhaka city but also for the global public 
health due to the resistance-emergence. Inappropriate use, overuse 
and unjustified use of antibiotics are considered as the major causes of 
antibiotics becoming resistant to antibiotics.3,4 

According to the World Health Organization (WHO), fast 

developing common bacterial resistance mechanisms to the available 
antibiotics is a threat for the global human health and day-by-day its 
severity is increasing, inconceivably.4 In Bangladesh, availability 
of counterfeit antibiotics, incompleteness of individual dosing, 
injudicious antibiotic prescribing habits of the prescribers and inability 
of purchase the total prescribed dose of antibiotics are considered as 
the major key factors for enhancing the rate of antibiotics resistance 
in the community.3,5 Moreover, inappropriate use of antibiotics in the 
livestock has made this situation more complex nowadays.6 In addition, 
day-by-day the resistance growing trend of the gram-negative bacteria 
against the few available potential antibiotics is now the major 
concern and this alarming situation is a vital threat for the global 
human health.3,6 In general, the most popular and potential antibiotics 
are meropenem, amikacin, ceftazidime, cefepime, polymyxin B and 
colistin (polymyxin E).7,8 These antibiotics are mostly considered as 
the potential antibiotics when different types of infections are mostly 
caused by the most common gram-negative bacteria (GNB) including 
Escherichia coli, Klebsiella pneumonia, Acinetobacter baumannii 
and Pseudomonas aeruginosa.8 The main objective of this study was 
to observe the resistance developing trend of these common gram-
negative bacteria against the few commonly used potential antibiotics 
over the recent 3 consecutive years in a single hospital setup.
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Abstract

The increasing trend of antibiotic resistance is a global emergence. The susceptibility 
of the most common gram-negative bacteria (GNB) are reducing day-by-day to 
potential antibiotics as a result of different enzymatic and non-enzymatic resistance-
mechanisms of bacteria and disseminating the resistance-gene throughout the intra 
and inter-bacterial communities rapidly. The objective of this study was to evaluate 
the resistance developing trends of common GNB against the potential antibiotics 
over three consecutive years (2016, 2017 and 2018) in a single center of Bangladesh. 
The resistance pattern of meropenem, amikacin, ceftazidime and cefepime was 
fluctuated to Escherichia coli, Klebsiella pneumonia, Acinetobacter baumannii and 
Pseudomonas aeruginosa in year-to-year pattern and the overall sensitivity reducing 
trend was observed among those GNB to the selected potential antibiotics. Polymyxin 
B and colistin was found with relatively higher sensitivity trend to these GNB, but 
resistance to Klebsiella pneumonia and Acinetobacter baumannii was relatively higher. 
Ceftazidime was found always with a negative sensitivity trend to Acinetobacter 
baumannii and Pseudomonas aeruginosa, where others had positive sensitivity trend. 
Oppositely, amikacin and cefepime was found with highest positive sensitivity trend 
to P. aeruginosa (6.0 and 7.0, respectively). These resistance scenarios were found 
locally, but represented the severity of this crisis worldwide. Resistance developing 
trend is not limited to the few last resort antibiotics including polymyxin B and 
colistin. Awareness in antibiotics use, rational use and prescription of antibiotics, 
restriction of antibiotics in agriculture and livestock etc. are the urgent steps required 
to tackle this emergence. 
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Material and methods
This qualitative, retrospective, observational study was conducted 

in the Square Hospitals Ltd., a tertiary level private hospital in 
the Dhaka city of Bangladesh. The hospital had a well organized 
microbiology laboratory. All the microbiological tests of the admitted 
and out-door patients were performed in that microbiology lab. For 
microbiological culture sensitivity analysis, the testing methodology 
was broth dilution and automated analyzer (BD Phoenix™ M50 
Automated Microbiology System) was used for antibiotics’ 
susceptibility analysis and to determine the minimum inhibitory 
concentration (MIC) of antibiotics in serum. That automated 
analyzer was validated with the standards of Clinical and Laboratory 
Standards Institute (CLSI), United States of America. According to 
the internally established protocol, the microbiology lab kept the 
records of all types of antibiotics susceptibility patterns against all 
the tested microorganisms regularly. On the basis of the recorded 
data, annually an antibiogram report was generated by that lab and 
disseminated among the hospital clinicians. All the retrospective 
data on antibiotic susceptibility of clinically relevant gram-negative 
bacteria were collected from those annually published antibiograms 
and for the study purpose, antibiograms of the years-2016, 2017 and 
2018 were considered. A written approval was taken from the legal 
authority of the microbiology lab to conduct this study and another 
written approval was collected from the hospital authority for this 
study purpose. The ethical approval for this study was taken from the 
ethical committee of the Square hospital on December, 2018.

Data extraction process and statistical analysis

The microbiology department recorded year to year all the 
available antibiotics’ susceptibility data including meropenem, 
amikacin, ceftazidime, cefepime, polymyxin B and colistin against 
the most common GNB (Escherichia coli, Klebsiella pneumonia, 
Acinetobacter baumannii and Pseudomonas aeruginosa), and 
mentioned accordingly in the antibiogram reports annually. The time 
series analysis technique was used to analyze the selected antibiotics’ 
sensitivity trends on year-to-year (2016-2018) basis to the GNB. 
The antibiotic sensitivity patterns to the GNB were estimated in the 
antibiogram report of 2016 on 1748, 808, 292 and 431 patients; in the 
antibiogram report of 2017 on 1572, 960, 355 and 541 patients; and in 
the antibiogram report of 2018 on 1600, 942, 279 and 618 patients for 
E. coli, K. pneumonia, A. baumannii and P. aeruginosa, respectively. 
The sensitivity patterns of the common GNB were calculated in 
percentage (%). All the retrospective susceptibility data (in %) were 
extracted from those antibiograms (2016, 2017 and 2018). The 
sensitivity pattern of ceftazidime against E. coli and K. pneumonia was 
not found and hence, not considered in the corresponding cases. This 
study considered that antibiotic resistance is inversely proportional 
to that antibiotic’s sensitivity to a particular pathogenic GNB. All the 
data of this study were analyzed by using IBM Statistical Package for 
the Social Sciences (SPSS) (version 22) software.   
Results

The sensitivity pattern of meropenem to E. coli was increased 
slightly from 2016 (98.0%) to 2017 (98.2%) but, reduced in 2018 
(96.0), significantly (Figure 1). An incremental trend was found in the 
year-to-year sensitivity pattern of amikacin against E. coli (Figure 1). 
The sensitivity of cefepime against E. coli gradually decreased from 

2016 to 2018, whereas polymyxins (polyxin B and colistin) were 
found with no change in the sensitivity pattern except polymyxin B 
in 2017 (sensitivity reduced to 99.0% and increased in the following 
year) (Figure 1).

 In 2017, the sensitivity patterns of meropenem and amikacin 
against K. pneumonia were increased significantly (meropenem: 
64.0% to 70.0%; amikacin: 61.0% to 63.7%) but, in the next year 
reduced, remarkably (Figure 2). Cefepime was found with similar 
pattern of sensitivity in 2016 and 2018 (33.0%) but, significantly 
increased in 2017 (35.5%) (Figure 2). A remarkable fluctuation in 
the sensitivity patterns of polymyxin B was observed from year-to-
year and a significant reduction (2016 and 2017: 98.0% to 94.0%: 
2018) was found in colistin’s sensitivity pattern against K. pneumonia 
(Figure 2). 

 In against of A. baumannii, an incremental change was observed in 
the sensitivity patterns of meropenem and a significant reduction was 
found in case of amikacin from the year 2017 to 2018 (Figure 3). The 
sensitivity of ceftazidime was falling significantly from 2016 to 2018 
but, cefepime’s sensitivity was increased remarkably in the year 2018 
(11.6% to 16.0%) (Figure 3). The overall sensitivity of polymyxin B 
and colistin was reduced significantly from 2016 to 2018. 

Meropenem’s sensitivity to P. aeruginosa was increased from 
2016 to 2017 (61.0% to 65.4%) but, reduced in 2018 (63.0%) (Figure 
4). The sensitivity of amikacin increased significantly from 2016 to 
2018, incrementally whereas, ceftazidime’s sensitivity fallen from 
64.0% (2016) to 59.6% (2018) (Figure 4). With a significant reduction 
in the sensitivity of cefepime in the year 2017 (57.8%) but, in 2018, it 
boosted-up (69.0%), significantly (Figure 4). In case of polymyxin B 
and colistin, there was no change in sensitivity observed in 2016 and 
2018 but, in 2017, both the antibiotics were found with drastically 
reduced sensitivity (89.0% and 97.0%, respectively) to P. aeruginosa 
(Figure 4).

When the sensitivity pattern of an antibiotic to a specific organism 
is reduced that means, the organism is more likely resistant to that 
particular antibiotic. In comparing the antibiotic resistance patterns 
of the selected antibiotics from the year 2016 to 2018, resistance 
potentiality of E. coli increased 2.0% more to meropenem, reduced 
significantly to amikacin and cefepime, and polymyxin B and colistin 
showed no change in their resistance patterns (Table 1). 

There was no change in the resistance patterns of meropenem 
and cefepime to K. pneumonia but, polymyxin B and colistin were 
found with reduced sensitivity (1.0% and 4.0%, respectively) to K. 
pneumonia from the year 2016 to 2018 (Table 1). Positive resistance 
trend was significantly observed among amikacin, ceftazidime, 
polymyxin B and colistin against A. baumannii but, negative trend 
was found in meropenem and cefepime in considering the year 2016 
to 2018 (Table 1). In considering the one-step sensitivity-difference 
from 2016 to 2018, the highest (resistance >2 was only considered) 
resistance developing trend was observed in K. pneumonia to 
colistin (4.0); A. baumannii to ceftazidime (3.8) and colistin (3.0); 
P. aeruginosa to ceftazidime (4.4) (Table 1). With no change in the 
resistance patterns of polymyxin B and colistin against E. coli and P. 
aeruginosa from 2016 to 2018 was observed. A significant increasing 
resistance pattern was observed in ceftazidime to all corresponding 
GNB. Except ceftazidime, all other antibiotics had resistance lowering 
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trend to P. aeruginosa (Table 1). For some antibiotics, the sensitivity 
trend was found with significantly positive (only considered sensitivity 
>2), such as amikacin to E. coli (4.0); meropenem and cefepime to A. 

baumannii (3.0 and 3.0, respectively); amikacin and cefepime to P. 
aeruginosa (6.0 and 7.0, respectively) (the highest sensitivity trends 
observed in this study) (Table 1). 

Figure 1 The antibiotic sensitivity patterns of E. coli.

Figure 2 The antibiotic sensitivity patterns of K. pneumonia.

Figure 3 The antibiotic sensitivity patterns of A. baumanni.
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Figure 4 The antibiotic sensitivity patterns of P. aeruginosa.

Table 1 Antibiotic resistance patterns

Antibiotics
Antibiotic resistance patterns change from 2016 to 2018 (%)

E. coli K. pneumonia A. baumannii P. aeruginosa

Meropenem + (2.0) No change - (3.0) - (2.0)

Amikacin - (4.0) - (1.0) + (1.0) - (6.0)

Ceftazidime - - + (3.8) + (4.4)

Cefepime - (2.0) No change - (3.0) - (7.0)

Polymyxin B No change + (1.0) + (2.0) No change

Colistin No change + (4.0) + (3.0) No change

‘+’, positive trend in resistance development; ‘-’, negative trend in resistance development

Discussion
In this study, the resistance patterns of antibiotics changed year-

to-year, individual potential antibiotic was found with different 
sensitivity to different GNB in different years and polymyxin B and 
colistin was the highest sensitive antibiotics to all 4 types of GNB 
in every individual year. The antibiotic resistance trend among 
the common GNB has reached in the boarder-line of the crisis 
and irrational use of antibiotics has been considered as the major 
contributor to this emergence.9,10 In Bangladesh, the injudicious 
use of antibiotics is a common tendency in all classes of peoples 
including healthcare professionals also.11 When an antibiotic is used 
improperly, then the corresponding bacterium became resistant to 
that antibiotic by developing resistant-gene and finally, this resistant-
gene is disseminated in the population in as a matter of time.3,12 

This increasing trend of resistant organisms causes more infection-
associated hospitalization, treatment failure, mortality and treatment 
cost.8,13 In this study, the sensitivity patterns of meropenem, amikacin, 
ceftazidime and cefepime were significantly lower (all were found 
below 50% of the sensitivity level) than last resort polymyxin B and 
colistin to A. baumannii in every selected year. Both polymyxin B and 

colistin are under the polymyxins group and this is considered as one 
of the last resort antibiotic groups, globally.8 Tigecycline is another 
last resort antibiotic14 but, the use of tigecycline is very limited by the 
prescribers with limited sensitivity data. 

Study found an increased susceptibility of E. coli to cefixime in one 
hospital but, a decreased susceptibility was found in another hospital 
of the same city at the same time in Bangladesh.3 The major reasons 
behind this incidence is not completely clear to date. Horizontally 
rapid resistance-gene transfer among the same or different bacterial 
species, species to species inter-transmission of resistance-genetic 
materials, amplification of the resistance-gene in the genome15 
and other unknown mechanisms are the main contributor in the 
variable susceptibilities of organisms to corresponding antibiotics.3 
The genome-wide repeating tendency of bacteria with developing 
pseudogenes is very limited in comparison to carry a precise genome.16 
“Deletional bias” is a process where bacteria rapidly miss out genes 
in absence of any selective pressure.3,15,17 The expression of antibiotic-
inactivating enzymes (such as Beta-lactamase and chromosome-
encoded AmpC cephalosporinase) and non-enzymatic mechanisms.18 
In Bangladesh, the insignificant use of antibiotics in the agricultural 
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sector and antibiotics use can lead to transitional selective pressure. 
As a result, expectation to rapid changes in antibiotic susceptibility 
is developed.3 In the present study, the trend of developing antibiotic 
resistance among the most common GNB was found with frequent 
ups and downs (except the susceptibility of colistin to E. coli in 2016, 
2017 and 2018) in year-to-year pattern at the same hospital. Study 
found that pathogenic bacteria can be more resistant to the most 
common antibiotics within a relatively short time.3 

The resistance developing trend of GNB is remarkable and very 
challenging to defense even with the last line potential antibiotics.19 
According to multiple studies, GNB are responsible for 45–70% and 
20–30% of ventilator-associated pneumonia (VAP)20 and catheter-
related bloodstream infections,21 respectively; and also cause of ICU-
acquired sepsis, surgical site and urinary tract infections (UTI).19 
The degree of resistance developed by a particular GNB is related to 
the number of antibiotics is inactive to that organism. If the GNB is 
non-susceptible to at least one agent among three or more antibiotic 
groups, then it is called Multidrug-resistant (MDR) organism; if it is 
non-susceptible to at least one of all antibiotic groups, but two or fewer 
antibiotic groups, then it is called extensively drug-resistant (XDR) 
organism and if it is non-susceptible to all agents in all antibiotic 
groups, then it is called pandrug-resistant organism.22 Chromosomal 
genetic-mutation in the GNB is one of the major mechanisms that 
can increase the expression of intrinsic resistance mechanism and 
the severity of potential antibiotic resistance is close related to 
this intrinsic mechanism.23 In our study, the year-to-year reducing 
susceptibility of the selected GNB to most of the potential antibiotics 
including meropenem, ceftazidime, polymyxin B and colistin is a 
huge threat not only for the local population, but also for the global 
human health. Globally, the crisis of new potential antibiotics in the 
market-pipeline and rapidly increasing trend of antibiotic resistance 
will welcome the newer approach “practical not perfect”. According 
to this proposed strategy, antibiotics with increased level of resistance 
will be withdrawn from the market completely and after a period 
of time when the antibiotic will have uniform effectiveness, then 
it will come back again.24 Nowadays, the challenge against this 
antibiotic resistance is referred to as “the silent tsunami facing 
modern medicine”.25 Now, it is the topic in numerous international 
health conferences and summits, and is one of the most juicy topics 
in different scientific researches, guidelines and recommendations.26 
Our single center experience shows an up-coming very challenging 
future against the resistant GNB-induced infections and rationalism 
in the antibiotics uses is highly required at this moment to defeat this 
resistance-trend. Global awareness and involvement of mass-media 
has no alternate to overcome this major human health-crisis. 

Conclusion
The rapidly increasing trend of antibiotic resistance in the most 

common GNB is an alarming issue, globally. In Bangladesh, this 
scenario is same and this study found a year-to-year variable nature 
in the resistance patterns of common GNB to the most potential 
antibiotics and a reducing sensitivity trend was found in most of 
the antibiotics. To effectively tackle this global crisis, awareness on 
antibiotic uses and rational antibiotic practice is mostly required at 
this moment. 
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