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Introduction  Multiple drug resistance emergences among bacteria at an alarming 
rate worldwide are posing a serious threat to the treatment benefits that have been 
achieved with antibiotics. This crisis is due to the inappropriate and overuse of exist-
ing antibiotics. We evaluated the antimicrobial resistance pattern of Enterobacteriaceae 
pathogens isolated from intensive care units (ICUs), wards, and outpatient depart-
ment (OPD) patients.
Objectives  The aim of the study is to determine the antimicrobial resistance pattern 
in bacteria of Enterobacteriaceae family.
Material and Methods  This is a retrospective study conducted at a tertiary care 
level-1 trauma center in the capital city of India. We collected all the retrospective 
data of 5 years from the laboratory information system software of the microbiol-
ogy laboratory. The retrospective data included patients’ details, samples detail, 
organism’s identification, and their antimicrobial susceptibility testing, done by 
Vitek2 compact system and disk diffusion test according to each year’s Clinical and 
Laboratory Standards Institute (CLSI) guidelines. This study included the interpretation 
of zone diameters and minimum inhibitory concentrations of all isolates according to 
CLSI guidelines, 2018.
Results  Among all the Enterobacteriaceae, Klebsiella spp. was the most commonly iso-
lated pathogen, followed by Escherichia coli and Enterobacter spp. in ICUs and wards, 
while in OPD patients E. coli was the most commonly isolated pathogen, followed by 
Klebsiella spp. and Enterobacter spp. Enterobacteriaceae isolates remained resistant to  
all classes of cephalosporins in all settings. In addition, β lactam and β-lactamase inhib-
itor remained less effective. Carbapenems showed less resistance than quinolones and 
aminoglycosides. Among the different antimicrobial agents, tigecycline proved most 
effective in all settings; however, it showed more resistance than other studies.
Conclusion  Tigecycline proved effective among different multidrug resistance bac-
teria. Multidrug resistance in bacteria leads to prolonged hospital stays as well as 
makes the treatment less cost effective. Proper and judicious use of antimicrobials is 
the need of the hour.

Abstract

DOI https://doi.org/ 
10.1055/s-0041-1730819 
ISSN 0974-2727 

© 2021. The Indian Association of Laboratory Physicians.
This is an open access article published by Thieme under the terms of the Creative 
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying 
and reproduction so long as the original work is given appropriate credit. Contents 
may not be used for commercial purposes, or adapted, remixed, transformed or 
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).
Thieme Medical and Scientific Publishers Pvt. Ltd. A-12, 2nd Floor, 
Sector 2, Noida-201301 UP, India

J Lab Physicians 2021;13:296–308.

Keywords
	► tigecycline
	► Vitek2
	► disk diffusion
	► Enterobacteriaceae
	► Klebsiella spp.
	► Escherichia coli
	► antibiotic resistance

Original Article

Article published online: 2021-07-02

http://orcid.org/0000-0003-4429-3688


297Antimicrobial Resistance in Enterobacteriaceae Bacteria  Katoch et al.

Journal of Laboratory Physicians  Vol. 13  No. 4/2021  © 2021. The Indian Association of Laboratory Physicians.

Introduction
Antibiotic resistance is a great threat to patient care. This 
antibiotic resistance not only increases the total cost of 
effective treatment but also is associated with a substan-
tial increase in morbidity and mortality in hospitalized 
patients.1-4 Nosocomial infections are one of the main causes 
of death in trauma patients, and bacteria belonging to fam-
ily Enterobacteriaceae are the most prominent causative 
agents of these nosocomial infections.2,5 Beta lactam anti-
biotics are usually the first line of treatment used against 
the infections caused by Enterobacteriaceae, however, 
with time these bugs have evolved by producing extended 
spectrum of β lactamases (ESBL). The first ESBL producing 
Enterobacteriaceae reported from Germany in 1983 and since 
then, their incidence has been reported to be increasing rap-
idly worldwide.6 In 1994, the first KPC-producing Klebsiella 
pneumoniae isolate was reported in Japan, which conferred 
resistance to carbapenems.7 In 1999, Martínez-Martínez et 
al found that the combination of porin loss and the pres-
ence of plasmid-mediated β lactamases resulted in carbap-
enem resistance.8 New Delhi metallo-β-lactamase (NDM-1) 
producing Enterobacteriaceae are resistant to all β-lactams 
and carbapenemens.9 Unfortunately, today these bugs have 
started to confer resistance against colistin, which is the 
last resort against these highly resistant gram-negative 
pathogens.10-12

This study is unique because of its large sample size, differ-
ent source of samples, patients admitted to different settings 
(intensive care unit [ICU], ward, and outpatient department 

[OPD]) and use of wide range of antimicrobial agents. Very 
few authors have reported the study with such a large sam-
ple size. The present study would help in understanding the 
antimicrobial resistance pattern in Enterobacteriaceae patho-
gens isolated from different settings of level-1 trauma center 
over a period of 5 years.

Materials and Methods
Study Period and Place
Retrospective 5 years data (January 2012 to December 2016) 
was collected from laboratory information system software of 
microbiology laboratory of 186 bedded tertiary apex trauma 
center, New Delhi. A total of 6,061 isolates belonging to family 
Enterobacteriaceae were recovered from 5,067 nonrepeated 
clinical samples. These clinical isolates were recovered from 
patients’ clinical samples received during this study period, 
namely, blood, urine, body fluid, bone and tissue, tip culture, 
pus/wound and swab, and respiratory samples. Duplicate 
samples were excluded from the study. All organisms were 
not subjected to antimicrobial susceptibility testing (AST) 
by both methods. Therefore, for accuracy, only those isolates 
which were subjected to AST by both methods constituted the 
analysis. Intermediate sensitive isolates were not included in 
the study. ►Fig. 1 shows the exclusion and inclusion criteria.

Bacterial Identification
All the samples were processed as per standard microbiologi-
cal methods. Bacterial isolates were identified to species level 

Fig. 1  Exclusion and inclusion criteria included in the study.
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by the Vitek2 compact identification system (Biomeriux, 
France).

Antimicrobial Susceptibility Testing
The antimicrobial susceptibility testing of all isolates was 
done by the disk diffusion method on Mueller-Hinton agar. 
Apart from this, the minimum inhibitory concentrations 
(MICs) were also determined by the Vitek2 compact system 
(using AST GN cards; Biomeriux, France). The interpreta-
tion of zone diameters and MICs was done according to each 
year’s CLSI guidelines.

Escherichia coli ATCC 25922 was taken as the con-
trol strains. The following antimicrobials (Himedia, India) 
were tested: ceftazidime (30 μg), cefotaxime (30 μg), cef-
triaxone (30 μg), cefoxitin (30 μg), cefepime (30 μg), pip-
eracillin (100 µg), piperacillin-tazobactam (100/10 μg), 
ticarcillin-clavulanate (75/10 μg), cefoperazone-sulbactam 
(75/30 μg), cefepime-tazobactam (30/10 µg), ceftriaxone- 
sulbactam (30/15 µg), imipenem (10 μg), meropenem (10 μg), 
ertapenem (10 μg), amikacin (30 μg), gentamicin (10 μg), 
netilmicin (30 μg), tobramycin (10 μg), tetracycline (30 µg), 
Trimethoprim-sulfamethoxazole (1.25/24 µg), ciprofloxacin 
(5 μg), levofloxacin (5 μg), tigecycline (15 μg), nitrofurantoin 
(300 μg), and chloramphenicol (30 μg).

We interpreted the zone diameters and MICs of the iso-
lates as per CLSI recommendations, 2018.13

Statistical Analyses
Statistical analyses were performed using the SPSS soft-
ware for Windows (SPSS Inc., Chicago, Illinois, United States, 
version 15.0). The decreased resistance percentage was 
reported as the resistance percentage difference between the 
first year (2012) and the last year (2016) of the study.

Results
During the study, a total of 5,067 positive samples were 
included. The mean age of the patients from whom the sam-
ples were received was 32 years (range ± standard deviation 
[SD]: 1 to 87 ± 15.1 years). In male patients, the mean age 
was 46 years (range ± SD: 1 to 112 ± 27.11 years) whereas, 
in female patients, the mean age was found to be 44.5 years 
with a range of 2 to 96 ± 26.84 years). The difference of the 
means of the age in male and female patients was found to 
be statistically significant (p = 0.002, 95% confidence interval 
[CI] = 0.9481–4.2187).

Samples received from ICU (1,472, 29%), wards (2,714, 
53.6%), and OPD (881, 17.4%) admitted patients were included 
in this study. Maximum number of Enterobacteriaceae iso-
lates were obtained from patients admitted to general surgi-
cal ward (1,254, 25%) followed by neurosurgical ward (1,242, 
25%), neurosurgical ICU (739, 15%), polytrauma ICU (733, 
14%), and orthopaedics ward (218, 4%). The outpatients con-
tributed about (881) 17% of the samples.

The samples included in our study were blood, urine, body 
fluid, respiratory samples, bone and tissue, pus/wound and 
swab, and tip culture. ►Table  1 shows the distribution of 
clinical samples included in this study. Blood culture yielded 

the maximum number of isolates (1,663, 33%), followed by 
pus/wound and swab (1,317, 26%), urine (849, 17%), respira-
tory samples (761, 15%), body fluid (268, 5%), bone and tissue 
(135, 3%), and tip culture samples (74, 1%).

The maximum number of Enterobacteriaceae isolates 
recovered are from wards (3,535, 58.3%), followed by ICUs 
(1,626, 26.8%), and OPDs (900, 14.8%). In ICUs, Klebsiella 
spp. (815, 50.1%) was found to be the most predominant 
Enterobacteriaceae followed by E. coli (371, 22.8%) and 
Enterobacter spp. (135, 8.3%) throughout the study period 
(►Fig.  2A). In wards also, we found the same pattern 
except in 2014 and 2015 where E. coli was the most prom-
inent (►Fig. 2B). In OPD, E. coli was the most predominant 
Enterobacteriaceae (476, 52.8%), followed by Klebsiella spp. 
(166, 18.4%) and Enterobacter spp. (77, 8.6%) (►Fig. 2C). For 
the purpose of conciseness, we concentrate on only predomi-
nant Enterobacteriaceae isolates, i.e., Klebsiella spp. and E. coli.

In ICU settings, both E. coli and Klebsiella spp. isolates 
showed more than 80% resistance against cephalosporins 
and quinolones. E. coli isolates showed maximum resistance 
to ciprofloxacin (94.6%), followed by ceftazidime and pipera-
cillin (92%), ticarcillin-clavulanate (84.6%), and levofloxacin 
(84%). Among carbapenems, E. coli isolates showed more 
resistance against ertapenem (56%), followed by meropenem 
(36.3%) and imipenem (19.4%). The resistance against ami-
kacin and chloramphenicol in E. coli isolates was observed 
in 38 and 29%, respectively. Among quinolones, Klebsiella 
spp. isolates showed maximum resistance to ciprofloxacin 
(85%), followed by levofloxacin (77.8%). These isolates also 
showed resistance against carbapenems; the resistance pat-
tern was the same as observed in E. coli isolates, i.e., ertap-
enem (69%) > meropenem (67.3%) > imipenem (59%). Both 
E. coli and Klebsiella spp. isolates showed least resistance to 
tigecycline; Klebsiella spp. isolates showed 16% resistance, 
while E. coli isolated showed less than 1% resistance. All the 
urine isolates were resistant (98–100%) to nitrofurantoin. 
The year-wise resistance pattern against different antibiot-
ics of Enterobacteriaceae in ICU settings is given in ►Table 2.  
In wards, E. coli showed 90% resistance to cephalosporins, 
84% resistance to ceftazidime, and 81% resistance to levo-
floxacin. Among aminoglycosides, highest resistance was 
observed against gentamycin (55%), followed by tobramycin 

Table 1   Percentage distribution of Enterobacteriaceae isolates 
in different samples during 2012–2016

Samples (N = 5,067)

N (%)

Blood 1,663 (33%)

Pus/wound + swab 1,317 (30%)

Urine 849 (17%)

Respiratory 761 (15%)

Body fluid 268 (5%)

Bone + tissue 135 (3%)

Tip culture 74 (1%)
aN, total number of isolates.
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(41%) and amikacin (27%). Among carbapenems, maximum 
resistance was observed against ertapenem (46.8%), followed 
by meropenem (31.8%) and imipenem (16.1%). Klebsiella spp. 
isolates showed 92% resistance to ceftazidime, 89% to cipro-
floxacin, and 79% to levofloxacin. Among aminoglycosides, 
Klebsiella spp. showed highest resistance against gentamy-
cin (80%), followed by amikacin (73%). Among carbapenems, 
resistance against both ertapenem and meropenem was 67% 
and against imipenem was 53%. The year-wise resistance 
pattern against different antibiotics of Enterobacteriaceae in 
wards settings is given in ►Table 3.

In OPD, E. coli showed less than 70% resistance to cepha-
losporins, resistance against ciprofloxacin and levofloxacin 
was 79.4 and 69%, respectively. Among aminoglycosides, 
maximum resistance was seen against gentamycin (44%), fol-
lowed by tobramycin (31.5%) and amikacin (18.3%). Among 
carbapenems, maximum resistance was observed against 
ertapenem (24.5%), followed by meropenem (18.9%) and imi-
penem (5.3%). E. coli showed 17% resistance to chloramphen-
icol. Klebsiella spp. showed 77% resistance to ceftazidime, 
70.5% resistance to cefepime, and 65% resistance to levofloxa-
cin. Among carbapenems, maximum resistance was observed 
against meropenem (59%), followed by imipenem (46.3%) and 
ertapenem (34%). Among aminoglycosides, maximum resis-
tance seen in Klebsiella spp. isolates was against gentamycin 
(70%), followed by tobramycin (62.6%) and amikacin (64%). 
►Table 4 shows the year-wise resistance pattern against dif-
ferent antibiotics of Enterobacteriaceae of OPD patients. We 
observed least resistance against tigecycline among both  
E. coli and Klebsiella spp. (1.5 and 12.6%, respectively).

From 5-years resistance pattern in ICUs, we observed 
that E. coli and Klebsiella spp. isolates showed some decrease 
in resistance percentage against some antimicrobials. 
About 32% decreased resistance was observed in E. coli 
against meropenem, while against Klebsiella spp. isolates it 
was 34%. Against piperacillin-tazobactam, E. coli showed 25% 
decreased resistance, while Klebsiella spp. showed 22%. Both 
E. coli and Klebsiella spp. isolates showed 22% decreased 
resistance against cefoperazone-sulbactam. In addition to 
these, Klebsiella spp. isolates also showed decreased resis-
tance against ceftriaxone (7%), 21% against ciprofloxacin, 
12% against ticarcillin-clavulanate, 17% against gentamycin, 

3% decreased resistance against imipenem, and 26% against 
levofloxacin.

In wards also, both E. coli and Klebsiella spp. isolates showed 
decreased resistance across the study period. In E. coli, maxi-
mum decreased resistance was observed against meropenem 
(27%), followed by gentamicin (18%) and imipenem (6%). In  
Klebsiella spp. maximum decreased resistance was observed 
against tigecycline (25%), followed by imipenem (21%), mero-
penem (19%), gentamicin (17%), piperacillin-tazobactam 
(8%), and ciprofloxacin (6%).

In OPD patients, E. coli showed maximum decreased 
resistance against ticarcillin-clavulanate (41%), followed by 
ceftazidime (29%), meropenem (23%), gentamycin (20%), 
chloramphenicol (17.7%), cefoperazone-sulbactam (8%), imi-
penem (4.2%), and tigecycline (1%). Klebsiella spp. isolates 
showed maximum decreased resistance against levofloxacin 
(49%), followed by imipenem (39.6%), cefepime (36.1%), and 
ceftazidime (23.7%).

Discussion
In this study, we evaluated the antimicrobial resistance pat-
tern of Enterobacteriaceae in trauma patients. We found that 
in ICUs and wards, the most common gram-negative patho-
gens responsible for nosocomial infections were Klebsiella  
spp., followed by E. coli and Enterobacter spp. These find-
ings are in concordant with other published studies.14,15  
In OPD patients, the most common gram-negative pathogens 
responsible for nosocomial infections were E. coli, followed 
by Klebsiella spp. and Enterobacter spp.

Our study showed Enterobacteriaceae isolates from ICUs, 
wards, and OPD showed high level of resistant to all classes of 
cephalosporins. In addition, β lactam and β-lactamase inhib-
itor combination remained less effective. This encouraged 
therapy with quinolones, aminoglycosides, or carbapenems. 
However, among quinolones, aminoglycosides, and carbap-
enems we found least resistance to carbapenems followed by 
aminoglycosides and quinolones in all settings; this result is 
in concordant with another study.16 This shows that the resis-
tance is increasing to currently used antibiotics, and the older 
drugs may prove as an effective option. Both imipenem and 
meropenem showed good activity against Enterobacteriaceae 

Fig. 2  Yearly distribution of Enterobacteriaceae isolates in (A) ICUs, (B) wards, and (C) OPDs. ICU, intensive care unit; OPD, outpatient 
department.
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even when they are producing either ESBLs or Amp C. It was 
found that meropenem showed ≥ 97.3% sensitivity among 
Enterobacteriaceae isolates while imipenem showed 87.5% 
sensitivity, showing that meropenem is 4 to 16 times more 
active than imipenem against Enterobacteriaceae.17,18 In con-
trast, we found imipenem more effective than meropenem in 
all settings. Among aminoglycosides group of antimicrobial 
agents, less resistance was shown against amikacin than gen-
tamycin; similar results were observed in other published 
studies.19,20 The least resistant was observed against tige-
cycline (1–15%) among all isolates in all settings. A similar 
result was found in another study where tigecycline was 
active against multidrug-resistant E. coli and Klebsiella spp. 
isolates.21,22

From 5-year resistance pattern of antimicrobials 
(►Tables 2-4), we found that Enterobacteriaceae isolates 
showed increased sensitivity against some antimicrobials 
in all settings. In ICU settings, both E. coli and Klebsiella spp. 
isolates showed significant increased sensitivity percentage 
against β-lactamase inhibitors and carbapenem. Klebsiella 
spp. isolates also showed increased sensitivity against quino-
lones and aminoglycosides (gentamycin). These results sug-
gest the substantial use of these antibiotics against these 
pathogens. In wards and OPDs, increased sensitivity was 
observed across the study period; both pathogens showed 
increased sensitivity against carbapenems (meropenem, 
imipenem) and aminoglycosides (gentamycin). Klebsiella 
spp. isolates also showed increased sensitivity against 
piperacillin-tazobactam, ciprofloxacin, and tigecycline in 
wards settings. In OPD patients, increased sensitivity against 
ceftazidime and cefepime was also observed in both patho-
gens, showing primitive antibiotics like ceftazidime and 
cefepime can be used as choice of antibiotic against these 
pathogens in OPD patients, although it is administered 
intravenously.

Among different classes of antimicrobials, tigecycline 
proved most effective in all settings. Tigecycline is a potent 
therapeutic option for multidrug resistance enterobacte-
rial infections. Although tigecycline resistance has been 
observed, it is still active among Enterobacteriaceae. However, 
increased resistance was observed than other studies which 
is < 10%.23-26

This study is among the very few studies done in the 
Indian setting. The large sample size of this study makes its 
results more reliable. Isolates of Enterobacteriaceae included 
in this study were collected from multiple sources in terms of 
location of the patients and types of samples. Therefore, the 
findings can be generalized to a variety of location of patients 
and samples. However, all the samples were collected from 
the apex trauma center of a tertiary care center. This limits 
the generalizability of the study in terms of study settings. 
The burden, profile, and AST of Enterobacteriaceae bacteria 
isolated from a secondary or primary care setting or from 
community settings are expected to be different from this 
study. Hence the interpretation with reference to study set-
ting should be cautiously done.

No intermediate isolate was reported in the study results. 
This study includes the results based on automated system Ta
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(Vitek2 compact system). These need to be validated by 
molecular methods or by sequencing.

Conclusion
Emergences of multiple drug resistance among bacteria are 
occurring at an alarming rate worldwide. This crisis is due to 
the inappropriate and overuse of existing antibiotics and lack 
of development of new antibiotics.27,28 Tigecycline proved 
to be an effective agent against Enterobacteriaceae. Use of 
tigecycline needs to be strictly monitored to prevent devel-
opment and dissemination of resistance against it. In addi-
tion to curtailing the antibiotic misuse and abuse, it becomes 
even more important to avoid the emergence of antibiotic 
resistance by taking measures like strict implementation of 
infection control guidelines, proper hand hygiene, and anti-
microbial stewardship programs that include optimal selec-
tion, dose, and duration of treatment.
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