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Abstract 

Infections due to gram negative bacilli (GNB) are more common and increasing antibiotic resistance amongst 

these infections is a worldwide problem. Enterobacteriaceae are frequently isolated from various clinical 

samples. Overuse or irrational use of antibiotics to treat these infections lead to develop antibiotic resistance, 

such multidrug resistant (MDR)-Enterobacteriaceae infections are difficult to treat. The present study was 

conducted to know the antibiogram of Enterobacteriaceae isolated from various clinical samples. This 

retrospective study was conducted in Dr D Y Patil Hospital & Research Centre, Kadamwadi, Kolhapur, 

Maharashtra, India over a period of one year (December 2016- December 2017). Identification and antibiotic 

sensitivity of Enterobacteriaceae were performed by standard microbiological procedures and VITEK II 

automated system. A total 235 Enterobacteriaceae GNB was isolated from various clinical samples. The most 

frequently isolated organism was Escherichia coli 45.5% followed by Klebsiella spp 31%, Citrobacterspp 

11.9%, Proteusspp 9.3%, Serratiamarcescens 1.2% & Enterobacteraerogens 0.8% in the present study. Most 

of the organisms were isolated from urine sample 44% followed by pus 40%. Carbapenems, Tigecycline and 

Amikacin were effective against MDR-Enterobacteriaceae. Most effective antibiotics were Imipenem showed 

97%, Meropenem 91%, Amikacine 91%, Gentamicin 83.4%, Piperacillin-tazobactum 79.5%, Tigecycline 

97% and Ciprofloxacine 41,2% sensitivity. Most resistant antibiotics were Ampicillin showed 31.4%, 

Ceftazidime 25.5% and Ceftrixone 24.6% sensitivity in the present study. 
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Introduction 

Resistance to different antibiotics is a world-wide 

problem now days. Increasing antimicrobial 

resistance among Gram Negative Bacilli (GNB) is 

a major problem to treat infections in the 

community as well as in hospitalized patients
 (1)

. 

A Multidrug resistant infection is difficult to treat 

and also increases the morbidity & mortality in 

critically ill patients, especially ICUs. 

Irrational use of antibiotics by practitioners, lack 

of hospital antibiotic policy leads to increase 

antibiotic resistance. However, the overuse and 

misuse of antibiotics is leading to the emergence 

of resistance to these life – 

Saving drugs. Hospital antibiograms are 

commonly used to help guide antimicrobial 

treatment and help to detect and monitor pattern of 

antimicrobial resistance amongst the clinical 

isolates. 
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Gram negative bacilli are a large group of micro-

organisms and amongst them Enterobacteriaceae 

are one of the most common bacteria isolated 

from various clinical samples. 

Escherichia coli, Klebsiella spp, Proteus & 

Citrobacterspp are commonly isolated from 

clinical samples like urine, pus etc. other members 

such as Serratiamarcescens & Enterobacter-

aerogens infections are also increasing
 (2).

 

ESBL producing GNB are clinically important 

because they causes multidrug resistant infections 

and very difficult to treat especially in patients in 

ICU, post-operative infections etc.
(3)

These 

enzymes are chromosomally or plasmid mediated 

so they show resistance to non-beta-lactam 

antibiotics like quinolones, aminoglycosides, 

chloramphenicol etc
(4)

.  

The present study was undertaken to know the 

antibiogram of GNB isolated from clinical 

samples at our teaching hospital. 

 

Materials and Methods 

The present study was carried out to know the 

antibiotic sensitivity pattern among GNB in 

family Enterobacteriaceae isolated from various 

clinical samples at Dr D Y Patil Hospital and 

Research Centre, Kadamwadi, Kolhapur, 

Maharashtra over a period of one year (December 

2016 to December 2017) 

Clinical samples like pus, urine, sputum, body 

fluids etc received in clinical microbiology 

laboratory of Dr D Y Patil Hospital & Research 

Centre, Kolhapur were plated on blood agar, 

MacConkey agar (Hi-Media, Mumbai) for 

primary isolation of organisms.  

Preliminary identification of GNB was performed 

using conventional methods including: Gram-

staining, culture characteristics, lactose 

fermentation, and oxidase test. Further 

identification to species level was performed using 

VITEK II (ID-GN 21-341 card) automated system 

(BioMerieux, France) and Minimum Inhibitory 

Concentration (MIC)  of these GNB by using 

AST-N280 card according to manufacturer's 

instructions. 

Antimicrobial susceptibility test (AST): Disc 

diffusion method  

The susceptibility of the tested isolates was 

carried out by Kirby-Bauer disc diffusion method 

on Mueller Hinton agar (Hi-Media, Mumbai) 

results were noted according to the Clinical and 

Laboratory Standard Institutes (CLSI) guidelines 

(CLSI, 2016)
(5)

. 0.5 McFarland standards used as 

inoculum, direct colony suspension for AST. 

The commercial antibiotics discs (Hi – Media, 

Mumbai) used for Enterobacteriaceae were 

piperacillin-tazobactam (100/10 μg), ampicillin 

(10μg), cefotaxime (30 μg),  ceftazidime (30 μg), 

ceftriaxone (30 μg), meropenem (10μg), 

imipenem (10 μg), amikacin (30 μg), gentamicin 

(10 μg), ciprofloxacin (5 μg) and  nitrofurantoin 

(300 μg)  for urine samples 

Standard strains used were- Escherichia coli- 

25922 as negative control and Klebsiella 

pneumoniae- 700603 as positive controls as 

quality control for identification and antibiotic 

susceptibility test of test strains. 

 

Results 

The total 235 GNB were isolated from different 

clinical samples. 

Table 1: isolation of GNB from different clinical 

samples 
organism no %age 

Escherichia coli 107 45.5 

Klebsiella spp 73 31 

Citrobacterspp 28 11.9 

Proteus spp 22 9.3 

Serratiamarcescens 3 1.2 

Enterobacteraerogens 2 0.8 

 

Diagram 1: specimen wise distribution of GNB 
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Table 2: distribution of organisms in samples 
 Sample 

Organism Urine Pus Sputum Body fluids ETtube/catheter tip 

E coli (107) 57 (53.2%) 46 (42.8%) 2 (11.5%) 1 (0.9%) 1 (0.9%) 

Klebsiella spp (73) 28 (38.3%) 26 (35.6%) 11 (15%) 2 (2.7%) 6 (8.2%) 

Citrobacterspp (28) 9 (32.1%) 11 (39.2%) 3 (10.7%) 3 (10.7%) 2 (7.1%) 

Proteus spp (22) 12 (54.5%) 9 (40.9%) -- -- 1 (4.5%) 

Serraciamarcescens (3) 1 (33.3%) 1 (33.3%) -- 1 (33.3%) -- 

Enterobacteraerogens (2) -- 2 (100%) -- -- -- 

 

Table 3: Antibiotic sensitivity pattern of organisms 
ANTIBIOTICS ORGANISM 

 E coli 

(107) 

 

Klebspp 

(73) 
Citrob 

Spp 

(28) 

Proteus 

Spp 

(22) 

Serracia 

Spp (3) 
Enterob 

Spp (2) 

Amikacin 95 
(88.7%) 

65 (89%) 25 (89.2%) 20 (90.9%) 3 (100%) 1 (50%) 

Gentamicin 90 (84.7%) 60 

(82.1%) 

20 (71.4%) 18 (81.8%) 3 (100%) 1 (50%) 

Caftezicime-clav acid 90 (84.7%) 58 (79.4%) 22 (78.5%) 7 (77.2%) 2 (66.6%) 1 (50%) 

Ceftazidime 22 (20.5%) 20 (27.3%) 8 (28.5%) 8 (28.5%) 2 (66.6%) 1 (50%) 

Ceftriaxone 25 (23.3%) 15 (20.5%) 7 (25%) 7 (31.8%) 2 

96.6%) 

1 (50%) 

Imipenem 105 (98.3%) 69 (94.5%) 26 (92.8%) 20 (90.9%) 3 (100%) 2 (100%) 

Meropenem 102 (95.3%) 65 (89%) 24 (85.7%) 15 (68.1%) 3 (100%) 2 (100%) 

Piperacillin-tazobactum 85 (79.4%) 60 (82.1%) 20 (71.4%) 15 (68.1%) 3 (100%) 1 (50%) 

Ampicillin 37 (34.5%) 21 

(28.7%) 

9 (32.1%) 5 (22.7%) -- 1 (50%) 

Ciprofloxacine 62 (57.%) 14 
(19.1%) 

8 
(28.5%) 

8 (36.3%) 2 (66.6%) 2 (100%) 

Tigecycline 105 (98.1%) 71 (97.2%) 24 (85.7%) 20 (90.9%) 3 (100%) 2 (100%) 

 

Table 4: Antibiogram of Enterobacteriaceae: shows sensitivity to different antibiotics 
Antibiotic sensitive %age 

Imipenem 228 97 

Meropenem 214 91 

Amikacin 214 91 

Ceftazidime-clav acid 194 82.5 

Ceftazidime 60 25.5 

Cefrtiaxone 58 24.6 

Gentamicin 196 83.4 

Piperacillin-tazobactum 187 79.5 

Ampicillin 74 31.4 

Ciporfloxacine 97 41.2 

Tigecycline 228 97 

 

Diagram 2:  Graph showing the %age of sensitivity to different antibiotics by Enterobacteriaceae 
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Discussion 

In the present study 235 GNB were isolated from 

various clinical samples. 

The distribution of GNB was shown in Table 1. 

Escherichia coli was most frequently isolated 

from 235 clinical specimen 107 (45.5%) followed 

by Klebsiella spp 73 (31%)  

Similar findings were reported from 

Shankarankutty et al
(1) 

E.coli 55.3% & Klebsiella 

spp 16.6%, Zaman et al
(2)

E coli 38.07% & 

Klebsiella spp15.91%, Mantravadi et al
(6)

 reported 

21.7% E. coli followed by 16.8% Klebsiella spp, 

Sahu et al
(7)

 study showed E coli 58.5% & 

Klebsiella spp 41.5%, similar reports were noted 

by Vipin Kumar et al
(8)

E coli 58.4% &Klebsiella 

spp 22.2% in his study. 

Other organisms like Citrobacterspp 28 (11.9%), 

Proteusspp 22 (9.3%), Serratiamarcescens 3 

(1.2%), Enterobacterarogens 2 (0.8%) were 

reported in the present study.  

Specimen wise distribution of GNB was shown in 

diagram 1 in the present study. Most of the GNB 

out of 235 samples were from urine sample 104 

(44.2%) followed by pus sample 95 (40.4%). 

Similar findings were reported by Shankarankutty 

et al
(1)

 75.9% from urine sample & 55.3% from 

pus sample, Zaman et al
(2)

 reported 43.7% from 

urine & 27.8% from pus , Sahu et al
(7)

 noted 

17.1% from urine followed by 11.1% from pus . 

Organism wise distribution in various clinical 

samples was shown in table 2. Escherichia coli 

was most frequently isolated from urine sample 57 

(53.2%) followed by pus 46 (42.8%), from 

sputum 2 (11.5%). Klebsiell aspp 28 (38.2%) 

from urine sample, 26 (35.6%) from pus, 11 

(15%) from sputum, 6 (8.2%) from ET 

tube/catheter tip. Similar results were reported by 

Shankarankutty et al
(1)

 125 E.coli were isolated 

from urine sample followed by pus sample 

21,Zaman et al
(2)

 reported 73.1% E coli from urine 

sample & 39.2% Klebsiella spp from pus . 

Citrobacterspp frequently isolated from pus 11 

(39.2%), from urine 9 (32.1%). Proteus sppmore 

frequently isolated from urine sample 12 (54.5%), 

pus 9 (40.9%). Serratiamarcescens 3 isolates & 

Enterobacteraerogens 2 from pus sample. 

Antibiotic sensitivity pattern of Enterobacteri-

aceae GNB was shown in table 3. In the present 

study E coli showed 98.30% sensitivity to 

carbapenem like Imipenem & 95.30% sensitivity 

to Meropenem, Klebsiella spp showed 94.5% 

sensitivity to Imipenem & 89% sensitivity to 

meropenem, similar findings were reported by 

Salma Nabi et al 
(9) 

as 98.89% sensitivity to 

Imipenem & 95.45% sensitivity to meropenem. 

Serratiamarcescens & Enerobacteraerogens 

showed 100% sensitivity to carbapenems, 

piperacillin-tazobactum. Citrobacterspp & 

Proteusspp showed 92.8% & 90.9% sensitivity to 

carbapenems respectively, all Enterobacteriaceae 

showed sensitivity to tigecycline 90% - 

100%,citrobacterspp showed 85.5% sensitivity to 

tigecycline in the present study.  

Sensitivity to ciprofloxacine in E coli 57% and 

19% in Klebsiella spp in the present study, Nabi et 

al 
(9)

 showed 56.7 % to E coli& 32.8% to 

Klebiella spp. 

Overall percentage of sensitivity to different 

antibiotics by Enterobacteriaceae was shown in 

diagram 2. In the present study imipenem showed 

95.7% and 89.9% sensitivity to meropenem, 

Tigecycline showed 95.7% sensitivity, Amikacin 

showed 89.9% sensitivity, Gentamicin showed 

82.3% sensitivity, piperacillin-tazobactum showed 

78.5% sensitivity, 3
rd

 generation cephalosporins 

like ceftazidime 25.2%, cephotaxime 24.3% 

sensitivity. Nitrofurantoin specifically used for 

isolates from urine samples showed 95% 

senensitivity. 

High amount of resistance was noted to ampicillin 

and 3
rd

 generation cephalosporins in the present 

study, similar results were noted by 

Shankarankutty et al 
(1),

 also by Mohamaadmehr et 

al 
(10)

, Perisamy Hariharan et al
(11)

. 

Present study showed high sensitivity to amikacin 

and gentamicin, similar results were noted by 

Shankarankutty et al
(1)

, senisitivity to ciproflox-

acin was 42.2% in the present study, similar 
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results were noted by Perisamy Hariharan et al
(11)

, 

Krithu Panta et al
(12)

. 

In the present study carbapenems, tigecyclinewer 

most active against multidrug resistant 

Enterobacteriaceae similar results were reported 

by Zaman et al
(2)

, Krithu Panta et al
(12)

 

 

Conclusion 

Inappropriate and overuse of different antibiotics 

leads to antibiotic resistance in family 

Enterobacteriaceae. The present study and other 

published studies showed carbapenems are the 

drug of choice to treat multidrug resistant (MDR)-

Enterobacteriaceae, but some strains of this group 

showed resistance to carbapenems also. It is very 

difficult to treat the infection showing resistance 

to carbapenems. The present study showed high 

resistance to ampicillin and 3
rd

 generation 

cephalosporins. To overcome this every hospital 

should prepare antibiotic policy. 
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