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ABSTRACT 
Multidrug resistance (MDR) is one of the severe global health threats confronting mankind linked with greater mortality, 
morbidity and economic expenses. The clinically isolated bacteria responsible for difficult-to-treat nosocomial infections 
are significantly important. This present investigation aimed to isolate, characterize and identify the multidrug 
resistance bacteria from the clinical samples collected from SUM hospital, Bhubaneswar, Odisha, India. The predominant 
bacterial strains were isolated and their phenotypic, biochemical, and antibiotic susceptibility tests were performed. 
Identifications of bacterial strains were performed using VITEK-II system and 16S rRNA sequencing. A total of ten 
predominant bacterial strains (80% gram-negative and 20% gram-positive) were characterized and antibiotic 
resistance patterns were determined. Bacterial isolates BT_MDR2 identified as Klebsiella pneumonia was resistant 
against all the tested antibiotics except colistin with MIC value (≥ 128 g/ml) for Ticarcillin/Clavulanate and 
Piperacillin/Tazobactam. Similarly, the bacterial isolate BT_MDR9 was identified as Enterococcus faecalis, which 
showed resistance against various antibiotics with MIC value (≥ 64 g/ml) for benzyl penicillin. Clinical sample revealed 
the presence of diverse MDR bacterial strains resistant against commercially available antimicrobials agents. This 
investigation emphasized the urgency of early identification of MDR bacterial pathogens to develop novel antimicrobial 
agents to reduce disease burden. 
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INTRODUCTION 
Multidrug resistant (MDR) bacteria pose greater threat to the public healthcare and economic sector 
worldwide [1,2]. MDR is referred to acquired ability of microbes to resist at least three or more 
antimicrobial categories [3]. Increasing cases of infections with MDR bacterial strains have risen 
alarmingly and responsible for seven lakh deaths per year globally and estimated ten million deaths by 
2050 [4]. MDR causes stumbling blockage in disease control and significantly reduces the drug 
effectiveness associated with higher rate of mortality and morbidity [5]. MDR pathogens includes both 
gram-positive and gram-negative bacteria including S. aureus, A. baumannii, K. pneumoniae, E. faecium, E. 
faecalis, P. aeruginosa, E. coli and Enterobacter sp. spreading rapidly worldwide [6]. Nosocomial 
infections led by MDR pathogens are evading the bactericidal activities of antimicrobial drugs and 
creating new paradigms in pathogenesis, resistance mechanism and transmission [5,8,9]. The MDR 
bacterial strains are not only limited to the hospital settings and clinical regions, but also prevalent in all 
environmental samples [4,9]. Sources of MDR bacteria include wastewater, soil, sewage, raw meat, 
livestock and dairy products, gastrointestinal tract, respiratory system, skin of humans and animals 
[10,11]. Although, the antimicrobial resistance in microbes is a natural phenomenon that develops over 
time, but excessive and improper of antibiotics in human, animals and aquaculture, inadequate hygienic 
conditions, accumulation of antibiotics in environment, extreme intake of different wide-spectrum 
antimicrobial agents, lack of aseptic diagnostic devices in healthcare and lack of antimicrobial 
stewardship are considered to be the primary factors responsible for accelerating the persistence and 
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spreading of MDR in the environment [12-16]. The present study demonstrated that the polluted habitats 
possess relatively higher resistant bacteria compared to natural habitats, which indirectly imply that 
human have significantly contributed to increased proportion of MDR in the environment [17]. Besides, 
MDR strains have dramatically increased healthcare expenditure and limited therapeutic options to treat 
infections [18-20]. Multidrug resistance exhibited by the bacterial pathogens is a complex process that 
involves molecular and cellular based bacterial machineries to avert, expel, negate, destroy or withstand 
antimicrobial agents [21]. Bacterial resistance against antimicrobial agents is classified as intrinsic, 
acquired and/or adaptive [22,23]. The term intrinsic/inherent resistance refers to the inbuilt structural 
and functional characteristics of microorganisms (presence of restricted outer membrane or constitutive 
efflux pumps) to limit the efficacy of antibiotics [10,24]. Secondly, acquired resistance involves 
incorporating additional genetic material (plasmids, transposons, integrons or bare DNA) through the 
horizontal gene transfer (conjugation, transduction or transformation) or by mutations in targeted genes 
caused by selective pressure and natural selection [23, 25, 26]. However, the adaptive resistance has 
transient nature, which provides relatively greater ability of bacteria to withstand the antimicrobial 
action through alternations in gene expression induced by the environmental triggers but often reverts to 
original form after removal of inducing factor [23]. Adaptive resistance triggers the evolution of more 
effective and persistent resistance mechanisms. Mechanisms of resistance exhibited by MDR pathogens to 
resist antibiotic toxicity are classified into four categories such as (a) limiting drug uptake (especially in 
gram-negative bacteria) that limits uptake of antimicrobial agents by reducing outer membrane 
permeability); (b) modifications and alterations in drug target (includes point mutation in gene encoding 
target site, change in target site of enzyme and bypassing original site) (c) drug inactivation or 
modification either by enzymatic degradation of drug molecule or by addition or removal of specific 
moiety to drug molecules by enzymes synthesized; and (d) activation of drug efflux pumps (to evacuate 
drug molecules out of the cell and confers target resistant) [5,6]. Due to the structural differences, the 
mechanism of resistance conferred by gram-positive and gram-negative bacteria varies from each other. 
Moreover, presence of lipopolysaccharide layer in gram-negative pathogenic bacteria renders them more 
resilient to antimicrobial agents in contrast to gram positive bacteria [16]. Furthermore, gram negative 
strains are the culprits for majority of the nosocomial infections and considered as critically priority MDR 
bacteria. Nosocomial infections by MDR pathogenic bacteria are life-threatening that constitute global 
challenges and thereby new innovative strategies to reduce the prevalence of MDR pathogens is 
prerequisite. Several investigations have suggested the hospital setting as the hotspot for antibiotic 
resistance inputs from the bacterial strains and metabolized drugs from the patient excrement potentially 
contains MDR pathogens that impose negative impacts on public health [5, 17,27-30]. Several researchers 
reported that quick spread of genes encoding resistance in MDR pathogens is due to uncontrolled use of 
antibiotics by human, selection pressure on resistant bacteria to adapt the adverse conditions and release 
of hospital effluents [16, 31]. Clinically isolated bacterial pathogens serve as an antibiotic resistance 
reservoir and possible source of genes encoding resistance. In the present-day context, increasing 
antibiotic resistance by MDR pathogens is a major concern for clinical therapeutics. Taking into account, 
the study was designed with an aim to isolate MDR bacteria pathogens followed by their microbiological 
and biochemical characterization and susceptibility test using Kirby-Bauer method. Subsequently, the 
MDR bacterial pathogens were identified and confirmed through VITEK-II analysis and 16S rRNA 
ribotyping. The proposed study was designed with an objective to isolate MDR bacterial pathogens from 
hospital settings not only for the early detection but also the rapid screening of novel antibacterial agents 
that inhibit their transmission and pathogenesis. 
 
MATERIAL AND METHODS 
Study area and sampling 
Various clinical samples (urine, stool, pus, blood, body fluids and swabs) were taken from hospitalized 
patients (IMS and Sum Hospital, Bhubaneswar, Odisha) for the isolation of bacteria. The study was 
approved by institutional ethical committee of IMS and Sum Hospital (IEC Code No.: IMS 
SH/IEC/2018/37). 
Sample processing and bacteria isolation 
The clinical samples collected were headed to laboratory carefully in cool and sterile circumstance. 
Clinical samples were inoculated into different enrichment media such as nutrient agar, blood agar and 
MacConkey agar and incubated for 24 hours at optimal temperature 37°C in a BOD incubator for proper 
bacterial growth. After incubation, the colonies so formed on different media plates were picked and 
continuously sub-cultured through quadrant streaking to obtain pure culture. Pure bacterial cultures 
were stored in glycerol stock at 4C for further analysis. Moreover, MTCC 109 and MTCC 439 were used 
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as reference strains, which were procured from Institute of Microbial Technology (IMTECH), Chandigarh, 
India. 
Phenotypic and Biochemical characterization of bacterial isolates 
Colonies from purified bacterial culture were subjected for preliminary identification by phenotypic 
characterization. Various biochemical characterizations such as catalase, coagulase, oxidase, methyl red, 
indole, Voges-Proskauer, oxidation fermentation, citrate, urease, triple-sugar-iron, nitrate reduction, 
carbohydrate fermentation, phenylalanine deaminase and motility test were performed following 
standard microbiological methods [32]. MTCC strains were used as reference in each biochemical 
analysis. 
Antibiotic susceptibility test by Kirby-Bauer’s method 
All the bacterial isolates from clinical samples and two MTCC reference strains used in the study were 
screened for antibiotic sensitivity tests by Kirby-Bauer disc-diffusion assay using the standard Mueller-
Hinton agar [32]. For the purpose, an aliquot of 10 l of 0.5 McFarland equivalent overnight grown 
bacterial culture was spread on already solidified MHA agar followed by introducing high potency 
different antibiotic discs separately over MHA agar plates and incubated at 37°C for 24 hours in a BOD 
incubator. The diameter of zone of inhibition (in mm) were recorded using antibiotic zone scale following 
the standard antibiotic susceptibility test chart of Clinical Laboratory Standard Institute (CLSI) guidelines. 
In the study, twelve standard antibiotic discs such as amoxiclav, ampicillin, methicillin, gentamicin, 
amikacin, ciprofloxacin, nalidixic acid, ofloxacin, levofloxacin, colistin, cefepime and tigecycline were used 
against gram-negative bacteria, whereas fifteen commercial antibiotic discs such as penicillin, ampicillin, 
methicillin, amikacin, gentamicin, cefotaxime, cefepime, ciprofloxacin, levofloxacin, azithromycin, 
linezolid,  erythromycin, vancomycin, clindamycin and tetracycline were used for antibiotic susceptibility 
test against the gram-positive bacteria.  
Identification of bacteria using VITEK-II system 
The ID-GPC test cards are substituted with 46 fluorometric tests including change in pH tests and various 
derivatives for aminopeptidases and -osidases detection. Various substrates for aminopeptidases tests 
are associated with 7-amino-methylcoumarin (7AMC), whereas substrates for -osidases detection are 
associated with 4-methylumbelliferone (4MU). In the present study, 21 different test substrates were 
used including ten diverse 4MU derivatives and eleven diverse 7AMC derivatives. Additionally, ID-GPC 
card are substituted with 16 fermentation tests using D-maltose, D-galactose, D-raffinose, D-amygdaline, 
D-sorbitol, D-xylose, D-glucose, L-arabinose, D-Trehalose, D-melibiose, D-mannitol, N-acetylglucosamine, 
lactose, salicin, glycerol, arbutine as substrate, decarboxylase test and six miscellaneous tests. The GN test 
card differentiate fermenting and non-fermenting Gram-negative bacilli. Similarly, VITEK-II GN card used 
for 47 biochemical tests to measure carbon utilization, inhibition/resistance and enzymatic activities. The 
card was loaded and sealed in vacuum condition and then inserted into VITEK-II reader-incubator 
module at 35.5°C. Kinetic fluorescence was measured in every 15 min. The outcomes were analyzed using 
the ID-GPC and ID-GNB database. 
Bacteria identification by 16S rRNA sequencing 
Genomic DNA of bacteria were extracted following the protocol prescribed by Quick-DNA™ 
Fungal/Bacterial Miniprep Kit (Catalogue No.: D6005).  Extracted DNA concentration was measured by 
Nanodrop and stored at -80°C for future analysis. Ratio of absorbance at 260 nm and 280 nm was 
measured for DNA purity assessment. Ratio between (~1.8 to 2.0) reveals purity of isolated DNA. 16S 
rRNA gene amplification was done by PCR with the following reaction mixture (Forward and reverse 
primers: 10 pmol each, MgCl2: 2.5 mM, 200 μM each four dNTPs, Taq DNA polymerase: 0.5 U, 1X PCR 
buffer and 50-100 ng of isolated genomic DNA) using specific primers 27F 
(5′AGAGTTTGATCCTGGCTCAG3′) and 1492R (5′TACGGTTACCTTGTTACGACTT3′).  Amplification by PCR 
involves template denaturation by heating at 95°C for 5 min, followed by 39 cycles of denaturation for 30 
sec at 95°C, annealing for 45 sec at 72°C and 1 min elongation at 72°C and 7 min final extension at 72°C. 
Amplicons were resolved in 0.8% agarose gel electrophoresis using 1X TAE buffer at 50V for 30-45 min 
until DNA fragments were well migrated and bands in agarose gel was documented using gel 
documentation system. The obtained PCR products were purified and sequenced (ABI 3730XL, Thermo 
Fisher Scientific). The derived sequences were compared for homology using NCBI BLAST database [34]. 
Multiple sequence alignment of 16S rRNA gene sequences were generated and the phylogenetic tree was 
constructed using MEGA 11.0 software [35].  
 
RESULTS  
In the present study, total ten clinical bacterial isolates and two reference strains (MTCC 439 and MTCC 
109) were analyzed. Morphological characterization of the clinically isolated bacterial strains revealed 
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that 80% bacterial isolates (BT_MDR1 to BT_MDR8) were found to be rod shaped and gram-negative 
bacteria (n=8) and 20% of the bacterial isolates (BT_MDR9 and BT_MDR10) were cocci and gram-positive 
bacteria (n=2). Reference strains MTCC 109 was rod shaped, gram-negative bacteria whereas MTCC 439 
found as coccus and gram-positive bacteria (Table 1). Biochemical characterization of clinical bacterial 
strains (BT_MDR1 to BT_MDR10) revealed wide variation (Table 1). All the clinical isolates except 
BT_MDR9 showed positive result for catalase test. Bacterial isolate (BT_MDR10) was found to be 
coagulase positive. None of the bacterial isolates were able to produce oxidase enzyme and revealed 
negative result for oxidase production except BT_MDR4, which was found to be oxidase positive. Indole 
test revealed that two bacterial isolates (BT_MDR1 and BT_MDR9) out of ten were determined to be 
indole positive. It is evident from the methyl red (MR) test that only three bacterial isolates (BT_MDR2, 
BT_MDR4 and BT_MDR9) showed positive result whereas the rest seven bacterial isolates revealed 
negative result for methyl red test. Three bacterial isolates (BT_MDR2, BT_MDR9 and BT_MDR10) out of 
all clinically isolated bacterial strains were observed to be positive for Voges Proskauer (VP) test whereas 
rest seven isolates showed negative result. Oxidation fermentation test revealed wide variations among 
the clinically isolated bacterial strains with one isolate (BT_MDR4) as oxidative, one isolate (BT_MDR3) as 
facultative and the rest were found to be fermentative in nature. Bacterial isolates (BT_MDR2, BT_MDR3 
and BT_MDR4) were observed to utilize citrate as the energy source and showed positive result for citrate 
test. Among all the clinically isolated bacterial strains, three isolates (BT_MDR2, BT_MDR3 and 
BT_MDR10) were observed to produce urease enzyme and revealed positive result for urease test, 
whereas the rest seven isolates showed negative results. Besides, all the bacterial isolates showed 
positive result for nitrate reduction (NR) test. Moreover, the triple sugar iron test and carbohydrate 
fermentation test revealed wide variations among the isolates. Further, the mortality test revealed that 
six bacterial isolates (BT_MDR1, BT_MDR3, BT_MDR4, BT_MDR5, BT_MDR6 and BT_MDR7) were motile 
and four bacterial isolates (BT_MDR2, BT_MDR8, BT_MDR9, BT_MDR10) were found to be non-motile. 
However, none of the bacterial isolates except BT_MDR3 showed positive result for phenylalanine 
deaminase test. Based on biochemical characterization of clinically isolated bacterial strains following 
Bergey’s manual of bacteriology, the isolates BT_MDR1, BT_MDR2, BT_MDR3, BT_MDR4, BT_MDR5, 
BT_MDR6, BT_MDR7, BT_MDR8, BT_MDR9 and BT_MDR10 were identified as Escherichia coli, Klebsiella 
pneumoniae, Proteus sp., Pseudomonas aeruginosa, Salmonella typhi, Salmonella paratyphi A, Salmonella 
paratyphi B, Shigella sp., Enterococcus faecalis and Staphylococcus aureus respectively (Table 1). 
Additionally, the biochemical characterization of two reference strains (MTCC 109 and MTCC 439) was 
depicted (Table 1). Reference strain (MTCC 109) was non-motile and showed positive results for catalase, 
VP, citrate, urease and nitrate reduction test, and negative for oxidase, indole, methyl red and 
phenylalanine deaminase test similar to BT_MDR2 and identified as K. pneumoniae whereases MTCC 439 
was observed as non-motile, positive results for indole, VP and nitrate reduction test and negative for 
catalase, oxidase, methyl red, citrate, urease and phenylalanine deaminase test similar BT_MDR9 and 
identified as E. faecalis. 
The antibiotic resistance pattern of bacterial strains against different standard antibiotics belonging to 
five different classes with their zone of inhibition (in mm) was presented through heat map (Table 2). 
Formation of clear zone around antibiotic disc represents their sensitivity to antibiotic, whereas absence 
of zone of inhibition around antibiotic disc represents their resistance against antibiotic. Accordingly, 
bacterial strains were classified as resistant, sensitive and intermediate based on their zone on inhibition 
following CLSI guidelines. Antibiotic resistance pattern exhibited by eight gram-negative and two-gram 
positive bacterial strain has been presented in form of radar plot for comparative study (Figure 1). The 
antibiotic sensitivity analysis of E. coli (Metr Clr Aki Tgci) revealed highly sensitive to ciprofloxacin (33.9 
mm) and levofloxacin (31.8 mm) (Figure 1a). Resistance pattern by K. pneumoniae (Amcr Ampr Metr Aki 
Nai Ofi Cli Cpmi Tgci) revealed resistance against amoxyclav, ampicillin and methicillin with no zone of 
inhibition and sensitive to gentamicin (20.5 mm) and ciprofloxacin (21.9 mm). Resistance pattern by 
Proteus sp. (Metr Clr Tgcr) showed relatively higher sensitive against ampicillin (28.1 mm), ciprofloxacin 
(36.8 mm) and levofloxacin (29.4 mm). Study indicated that P. aeruginosa (Amcr Ampr Metr Nai Tgcr) 
higher sensitivity towards ciprofloxacin (38.6 mm). Subsequently, the three gram-negative bacteria such 
as S. typhi (Metr Cli Tgci), S. paratyphi A (Metr Cli) and S. paratyphi B (Metr Cli Tgci) revealed similar 
antibiotic resistance patterns. Further, the Shigella sp. was found to be highly sensitive to ciprofloxacin 
(34.5 mm) and levofloxacin (32.8 mm) (Figure 1a). Antibiotic resistance patterns exhibited by the gram-
positive E. faecalis (Metr) was highly sensitive to clindamycin (34.5 mm), linezolid (24.8 mm) and 
erythromycin (22.8 mm) whereas S. aureus (Metr Aki Cipi Lei Vai) was observed to be highly sensitive to 
clindamycin (31.2 mm), azithromycin (23.2 mm) and gentamicin (25.2 mm) (Figure 1b).  Antibiotic 
resistance patterns exhibited by the clinical bacterial isolate BT_MDR2 using VITEK-II system was found 
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to be Klebsiella pneumonia, which showed resistant against all antibiotics with lower MIC value (8 g/ml) 
for three antibiotics (levofloxacin, tigecycline, doripenem) except colistin with intermediate resistance 
(Table 3). Similarly, the clinical bacterial isolate BT_MDR9 was identified as Enterococcus faecalis that 
showed resistant against antibiotics such as penicillin, gentamicin, ciprofloxacin, levofloxacin, 
erythromycin, linezolid where as sensitive to antibiotics such as teicoplanin, vancomycin, tetracycline, 
tigecycline, nitrofurantoin revealed by VITEK-II system (Table 4). 
 

Table 1: Biochemical characterization of the bacterial strains isolated from clinical samples 
(BT_MDR1 to BT_MDR10) as well as the reference strains i.e., Klebsiella pneumoniae (MTCC 109) 

and Enterococcus faecalis (MTCC 439). Bacterial 
strains 

Shape/ 
size 

Gram
 staining

Cat test 

Coa test 

Oxi test 

Indole test

M
R test 

VP test 

OF 
test 

Cit test 

Ure test 

TSI test 

NR test 

CF 
test 

M
ort test 

PD test 

Species 
identified 

G F L S 

BT_MDR1 Rod -ve +  - + + - Fer - -  + +  + + +  Escherichia 
coli 

BT_MDR2 Rod -ve +  - - - + Fer + + + + +  + + -  Klebsiella 
pneumoniae 

BT_MDR3 Rod -ve +  - - + - Facul + +  + +  - - + + Proteus sp. 

BT_MDR4 Rod -ve + - + - - - Oxd + -  + -  - - +  Pseudomonas 
aeruginosa 

BT_MDR5 Rod -ve +  - - + - - - - + + +  - - +  Salmonella 
typhi 

BT_MDR6 Rod -ve +  - - + - - - - + + +  - - +  Salmonella 
paratyphi A 

BT_MDR7 Rod -ve +  - - + - - - - + + +  - - +  Salmonella 
paratyphi B 

BT_MDR8 Rod -ve +  - - + - -  -  +   - - -  Shigella sp. 

BT_MDR9 Cocci +ve -  - + - + Fer - -  + +  + + -  Enterococcus 
faecalis 

BT_MDR10 Cocci +ve + + - - + + Fer  +  + + + + + -  
Staphylococcu

s 
aureus 

MTCC 109 
(Reference

) 
Rod -ve +  - - - + Fer + + + + +  + + -  Klebsiella 

pneumoniae 

MTCC 439 
(Reference

) 
Cocci +ve -  - + - + Fer - -  + +  + + -  Enterococcus 

faecalis 

NB: Biochemical tests performed in the study: Catalase test (Cat test); Coagulase test (Coa test), Oxidase test (Oxi 
test); Methyl Red test (MR test); Voges-Proskauer test (VP test); Oxidation fermentation test (OF test: Fer- 

Fermentative, Facul- Facultative, Oxd- Oxidative); Citrate test (Cit test); Urease test (Ure test); Triple-Sugar-Iron test 
(TSI test); Nitrate reduction test (NR test); Carbohydrate fermentation test ( CF test); Carbohydrates: (G: Glucose, F: 

Fructose, L: Lactose, S: Sucrose); Mortality test (Mort test); Phenylalanine deaminase test (PD test). 
 
Molecular identification of the selected clinically isolated bacterial strains (BT_MDR2 and BT_MDR9) was 
conducted by 16S rRNA sequencing and the phylogenetic analysis was performed. Maximum Likelihood 
approach was employed to figure out the evolutionary history based on Tamura-Nei model [35]. Besides, 
Neighbor-Joining and BioNJ algorithms were utilized to construct initial tree(s) for heuristic search by 
Tamura-Nei model approach, and then topology with superior log likelihood value were selected. The 
trees with the highest log likelihood for BT_MDR2 (-3214.4006) and BT_MDR9 (-22048.24) were 
presented. The analysis involved 10 (BT_MDR2) and 9 (BT_MDR9) nucleotide sequences respectively. All 
positions with gaps and missing data were removed. A total 3948 and 3789 positions are present in the 
final dataset for BT_MDR2 and BT_MDR9 respectively. Phylogenetic trees were constructed in MEGA 11.0 
software [35]. Based on high sequence similarity and molecular phylogenetic analysis, the clinical 
bacteria BT_MDR2 and BT_MDR9 were identified as Klebsiella pneumoniae (Figure 2a) and Enterococcus 
faecalis (Figure 2b) respectively.  
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Table 2: Heat map representing the antibiotic susceptibility pattern exhibited by gram negative and gram-
positive bacteria isolated from the clinical samples with zone of inhibition (in mm). Column represents 

bacterial isolates whereas row represents antibiotics. Red blocks indicate resistance, green blocks 
indicate sensitivity and yellow blocks represent intermediate action of antibiotics.  Gradient in colour 
(green → red) showed gradual increase in resistance exhibited by bacteria isolated from the clinical 

sample. 
Bacterial isolates 

(n=10) 
Antibiotics 

Gram Negative 
Bacteria (n=8) 

AM
C 

AM
P 

M
ET

 

GEN
 

AK
 

CIP 

NA 

O
F 

LE 

CL 

CPM
 

TGC 

Escherichia coli 
17.4 

16.
3 0 23.6 14.8 

33.
9 18.5 

28.
6 

31.
8 0 21.6 

11.
8 

Klebsiella pneumoniae 
0 0 0 20.5 13.5 

21.
9 12.8 

13.
6 

15.
4 12.5 11.5 

13.
6 

Proteus sp. 
20.2 

28.
1 0 17.4 16.7 

36.
8 16.6 

25.
4 

29.
4 0 24.6 0 

Pseudomonas 
aeruginosa 0 0 0 26.4 24.3 

38.
6 8.6 

20.
5 

25.
8 15.5 22.7 0 

Salmonella typhi 
19.5 

19.
5 0 26.8 20.9 

37.
6 22.2 

35.
6 

35.
9 12.5 26.9 

11.
9 

Salmonella paratyphi 
A 22.4 

24.
8 0 26.5 21.6 

40.
2 19.3 

31.
8 

35.
3 13.8 25.6 

16.
8 

Salmonella paratyphi 
B 18.3 

20.
6 0 25.8 21.8 

39.
1 18.6 

21.
6 

27.
6 13.1 31.3 

10.
6 

Shigella sp. 
16.5 

17.
3 0 21.8 12.7 

34.
5 19.8 

19.
6 

32.
8 0 22.8 9.5 

Resistance percentage 
(%) 25% 

25
% 100% 0% 0% 0% 0% 0% 0% 37.5% 0% 

25
% 

Gram Positive 
bacteria 

(n=2) 

PE AM
P 

MET AK GE
N 

CT
X 

CP
M 

CIP LE AZ
M 

ER LZ VA CD TE 

Enterococcus faecalis 18.
5 

23.
5 

0 16.
8 

28
.6 

19.
5 

23.
7 

18.
9 

16.
9 

30
.5 

22
.8 

24.
8 

16.5 34.
5 

20.
2 

Staphylococcus 
aureus 

17.
5 

19.
2 

0 14.
9 

25
.2 

17.
3 

24.
2 

13.
6 

14.
7 

23
.2 

27
.4 

28.
1 

13.8 31.
2 

23.
6 

Resistance 
percentage (%) 

0% 0% 100
% 

0% 0
% 

0% 0% 0% 0% 0
% 

0
% 

0% 0% 0% 0
% 

NB: Antibiotics (µg/disc): AMC: Amoxyclav (30 µg/disc); PE: Penicillin (5 μg/disc); AMP: Ampicillin (10 µg/disc); 
MET: Methicillin (10 µg/disc); AK: Amikacin (30 µg/disc); GEN: Gentamicin (30 µg/disc); CTX: Cefotaxime (10 

µg/disc); CPM: Cefepime (30 µg/disc); CIP: Ciprofloxacin (5 µg/disc); LE: Levofloxacin (10 µg/disc); AZM: 
Azithromycin (30 µg/disc); ER: Erythromycin (10 µg/disc); LZ: Linezolid (10 μg/disc); VA: Vancomycin (10 μg/disc); 

CD: Clindamycin (10 μg/disc); TE: Tetracycline (30 μg/disc); NA: Nallidixic acid (10 µg/disc); OF: Ofloxacin (5 
µg/disc); CL: Colistin (10 µg/disc); TGC: Tigecycline (10 µg/disc). 

  
Figure 1: Radar graph of zone of inhibition exhibited by the clinically isolated gram-negative 

bacteria and gram-negative bacteria against different antibiotics. 
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Table 3: Antibiogram/susceptibility of Klebsiella pneumoniae (BT_MDR2) against different 
antibiotics using VITEK-II system. 

Antimicrobial agents MIC 
(g/ml) 

Interpretation Antimicrobial agents MIC 
(g/ml) 

Interpretation 

Ticarcillin/      Clavulanic 
Acid 

 128 R Cefoperazone/ Sulbactam  64 R 

Imipenem 16 R Gentamicin  16 R 
Ceftazidime  64 R Ciprofloxacin  4 R 
Amikacin  64 R Levofloxacin  8 R 
Cefepime  64 R Minocycline  16 R 
Aztreonam  64 R Tigecycline  8 R 
Doripenem  8 R Colistin  0.5 I 
Piperacillin/ Tazobactam  128 R Trimethoprim/ 

Sulfamethoxzole 
 320 R 

Meropenem  16 R    

NB: R: Resistant; S: Sensitive; I: Intermediate 
Table 4: Antibiogram/susceptibility of Enterococcus faecalis (BT_MDR9) against different 

antibiotics using VITEK-II system. 
Antimicrobial agents MIC 

(g/ml) 
Interpret

ation 
Antimicrobial agents MIC 

(g/ml) 
Interpreta

tion 
Benzyl penicillin  64 R Daptomycin - - 

Oxacillin - - Teicoplanin  0.5 S 
Gentamicin (Synergy) SYN-R R Vancomycin  0.5 S 

Ciprofloxacin  8 R Tetracycline  1 S 
Levofloxacin  8 R Tigecycline  0.12 S 

Inducible Clindamycin  - - Nitrofurantoin 32 S 
Erythromycin  8 R Rifampicin - - 

Linezolid  8 R    
NB: R: Resistant; S: Sensitive; I: Intermediate 

 
Figure 2: Phylogenetic analysis of the bacterial isolates (BT_MDR2 and BT_MDR9), which were 

identified to be (a) Klebsiella pneumoniae and (b) Enterococcus faecalis using Maximum Likelihood 
method based on the Tamura-Nei model. 

 
DISCUSSION 
In recent years, the global prevalence of antibiotic resistance has skyrocketed. Use of antibiotics for 
disease treatment in hospitals is highly significant as clinical samples were associated with pathogenic 
multidrug bacteria leading to deadly infections, cross transmission and longer therapy and 
hospitalization [36]. Understanding the spread of MDR bacteria in hospital settings is therefore critical for 
infection control and the sensible use of antibiotics. Bacterial isolates form clinical samples showed 
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resistance against commercially available drugs, which might be due to the excessive and misuse of 
antibiotics and accumulation of antibiotics in hospital setting. The study also revealed the dominance of 
gram-negative bacterial strains in clinical samples. The findings have been substantiated by several 
workers [5,17,37]. However, the patterns of antibiotic resistance differ greatly in hospital and non-
hospital samples due to varying environmental conditions and antibiotics exposure [17]. Antibiotic 
resistance patterns exhibited by the gram-negative bacteria revealed the highest resistance against 
methicillin (100%) followed by colistin (37.5%) and then amoxyclav, ampicillin and tigecycline (25%). In 
contrast, antimicrobial agents such as ciprofloxacin and levofloxacin were found as highly efficient 
antibiotics to gram-negative bacterial isolates. Similarly, antibiotic resistance pattern of gram-positive 
bacteria revealed that all the clinical bacterial isolates were highly sensitive to clindamycin followed by 
azithromycin, erythromycin, linezolid, and gentamicin. Nevertheless, all the gram-positive and gram-
negative bacterial isolates were found to be resistance against methicillin. Further, the VITEK II analysis 
revealed the variation in the antibiotics resistant patterns exhibited by gram-positive as well as gram-
negative isolates such as Klebsiella pneumonia and Enterococcus faecalis against different antibiotics. 
Based on the findings, the present study clearly suggested that the gram-negative bacteria exhibited 
relatively higher resistance to antibiotics compared to the gram-positive bacteria due to presence of outer 
membrane barrier [10,38]. 
 
CONCLUSION  
Multidrug resistance bacteria against commonly used antibiotics are prevalent in the clinical settings. 
MDR gram-positive as well as gram-negative bacterial isolates in hospital settings are responsible for 
various nosocomial infections in hospitalized patients resulting in health and economic burdens. Thereby, 
the proper identification of MDR bacteria and their antibiotic resistance pattern is prerequisite not only 
for the potential use of commercial antibiotics but also provide avenues for the development of novel and 
effective antimicrobial agents for controlling disease transmission and pathogenesis.  
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