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ABSTRACT 
Urinary tract infections (UTIs) are among the most frequent infections in humans, particularly in intensive care units 

(ICUs) due to impaired immunity and invasive procedures. The changing resistance patterns of bacteria pose a major 

public health concern, often leading to therapeutic failure. This study aimed to determine the prevalence of UTIs among 

ICU patients, identify the bacterial profile, assess antimicrobial sensitivity, and evaluate ESBL, AmpC, and MBL 

production among multidrug-resistant (MDR) Gram-negative bacilli. 

A total of 1,908 clinical samples were processed over four years, 634 (33.2%) samples showed positive growth, of which 

only 527(89%) yielded Gram negative bacteria , out of which 427 MDR Gram-negative were selected for further study. 

Identification and antimicrobial susceptibility testing were performed, followed by screening for β-lactamase production. 

Among the isolates, Escherichia coli was most common (60%), followed by Klebsiella pneumoniae (19%) and 

Pseudomonas aeruginosa (12%). E.coli showed maximum sensitivity to Ceftazidime (24%) among third-generation 

Cephalosporins, Norfloxacin (24%) among fluoroquinolones, Amikacin (63%) among aminoglycosides, and meropenem 

(68%) among Carbapenems. Sensitivity to the BL-BLI combination Piperacillin/Tazobactam was 56%. Klebsiella 

pneumoniae demonstrated 20% sensitivity to Ceftazidime, 23% to Ciprofloxacin, and 65% to Gentamicin. 

β-lactamase production was detected in 340 strains. Of these, 175 (40.9%) were ESBL producers, 106 (24.8%) AmpC 

producers, and 59 (13.8%) metallo-β-lactamase (MBL) producers. Co-production of ESBL, AmpC, and MBL was 

observed in 102 (23.9%) strains, predominantly in E. coli. The high prevalence of β-lactamase producing isolates in ICU 

patients highlights the urgent need for continuous surveillance, strict antibiotic stewardship, and robust infection control 

measures to mitigate the growing burden of antimicrobial resistance. 
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INTRODUCTION 

The incidence of nosocomial infections in the intensive care units (ICU) is showing a rising trend, mainly because of the 

severe clinical conditions which are associated with the impaired immunity, increasing the use of invasive diagnostic 

procedures, lapses in the sterilization and the disinfection techniques and the indiscriminate use of antibiotics. Hospital-

acquired urinary tract infections (UTIs) are the most frequent nosocomial infections and are responsible for 20—30% of 

nosocomial infections in medical or surgical intensive care units (ICUs) (Richard et al., 2000). The resistant bacteria are 

emerging worldwide as a threat to the admitted patients. Among Enterobacteriacae most frequent ones are Klebsiella 

pneumoniae followed by Escherichia coli, Enterobacter species and Proteus. Among non fermenters Pseudomonas 

aeruginosa and Acinetobacter baumanii are the common isolates in Microbiology laboratory. Once these organisms are 

established as the source of infection, they are aggressively treated with antimicrobial drugs. Improper usage of 

antimicrobials complicates the problem of health care associated infections by encouraging multi drug resistance in 

nosocomial pathogens and treatment options are fast running out, particularly against Gram negative nosocomial 

pathogens (Russo et al., 2008). β - lactamases production by several Gram negative organisms is the most important single 

mechanism of resistance to Penicillin and Cephalosporins. Cephalosporins once believed to be relatively immune to attack 

by β- lactamases have shown resistance by way of production of extended spectrum Beta lactamases (Ayyagari et al., 

2001). As the newer antibiotics were developed to overcome the problems of resistance against available antibiotics 

bacteria developed mechanism to resist the newer antimicrobials by way of alteration of target sites for binding of β- 

lactams and production of new enzymes against antibiotics. To overcome the problem of resistance Carbapenems were 

introduced but no sooner they were brought into use bacterial population started producing Carbapenemase which 

hydrolyze Carbapenem. The high resistance for antibiotics and the rapid dissemination of Metallo beta lactamase 
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producing isolates in hospitals require an effective Phenotypic method for identifying them as there are no prescribed 

CLSI guidelines available for detecting them (Tamil et al., 2006). Molecular class B enzymes have zinc in their active site 

so the catalytic activity of this enzyme can be enhanced for detection by incorporating it for the tests, unlike serine 

carbapenem resistance they are not inhibited by clavulanic acid, sulbactam and tazobactam (Walsh et al.,2005).   

                                                                                                                                                                                                                                                   

Hence there is the need to design an antimicrobial regime active against all Gram negative bacteria, as these organisms 

are highly efficient at acquiring genes that code for mechanism of antibiotic resistance especially in the presence of 

antibiotic pressure. The study of changing trends of antibiotic sensitivity profile among Gram negative bacteria , its` 

Phenotypic  characterization  will help in surveillance of resistance to β- lactam antibiotic which in turn will help in 

hospital infection control and prevention and dissemination of resistance strain. The study will help to organize 

intervention measures in infection control in the ICU’s.  

 

MATERIAL AND METHODS  

This cross-sectional study, conducted in the Department of Microbiology, on critical care patients of Sri Guru Ram Das 

Institute of Medical Sciences and Research, Vallah, Sri Amritsar and Acharya Shri Chander College of Medical Sciences 

and Hospital, Sidhra, Jammu. Of the total 1908 clinical samples, obtained over a period, of four years (from January 2019 

to December 2022), 634 (33.2%) samples shows positive growth, of which only 527(89%) samples yielded Gram negative 

bacteria. In this study we have selected only multi drug resistance Gram negative bacterial strains those were resistance 

to two or more unrelated classes of antibiotics n= 427 (81.02%) and excluded the strains of GPC and some GNB showing 

higher sensitive pattern from this. All the isolates were identified by the standard microbiological tests. The antimicrobial 

susceptibility testing of the isolates was determined by the Kirby Bauer disc diffusion method according to the CLSI 

guidelines (CLSI 2022). AST was performed by the Kirby–Bauer disk diffusion method on Mueller–Hinton agar as per 

Clinical and Laboratory Standards Institute (CLSI) (2022).  

Antibiotics used for Gram negative bacilli  were Ampicillin(10µg), Amoxy/Clav (20/10µg), Piperacillin  (MIC), 

Piperacillin-Tazobactum(100/10µg),Ticarcillin(75µg),Gentamicin(10µg),Amikacin(30µg),Tobramicin(10µg), 

Fosfomycin(20µg),Norfloxacin(10µg),Nitrofurantoin(300µg),Ciprofloxacin(5µg),Ofloxacin(5µg),TrimethoprimSulpha

methoxazole(1.25/2.75µg),Tigecycline(15mcg),Cefazolin(30µg),Ceftazidime(30µg),Cefotaxime(30µg),Ceftriaxone(30g

),Cefepime(30µ),Cefpodoxime(10µg),Cefuroxime(30µg),Cefoxitin(30µg),CeftriaxoneEDTASulbactam(30/100/15µg),C

eftazidime/Clavunate,Ceftazidime/Avibactum(30/20ug),Cefoperazone -Sulbactam, Imipenem (10 µg),Meropenem(10 g), 

Colistin Or Poly B (MIC). The reference strains, ESBL positive Klebsiella pneumonia ATCC 700603 and ESBL negative 

Escherichia coli ATCC 25922 were included in the study. Gram negative bacteria with resistance or decreased 

susceptibility to third generation Cephalosporins were tested for ESBL production by following methods:  

Detection of the ESBLs – Each strain was screened for the ESBL production against Cefotaxime, Ceftazidime and 

Cefpodoxime. The strains which were resistant to these third generation Cephalosporins were confirmed by phenotypic 

tests  

i) Double disc synergy test (DDST)- Discs of Aztreonam, Cefotaxime, Ceftazidime, Cefpodoxime were placed 15 mm 

from Amoxy-Clavulanic acid disc. Enhancement of zone of inhibition towards Amoxy-clavulanic acid disc was taken as 

ESBL positive  (Ananthakrishnan et al., 2000).      

ii) Disc potentiation test - Lawn culture of standard suspension of isolates was inoculated on Mueller Hinton agar plate. 

Discs of Ceftazidime (30 µg), Ceftazidime – Clavulanic acid (30/ 10 µg) and Cefotaxime (30 µg), Cefotaxime - Clavulanic 

acid (30/ 10 µg) were placed on culture plate. 5mm enhancement of the inhibition zone of antibiotic/ clavulanic acid 

combination vs antibiotic tested alone was taken as ESBL producers ( CLSI 2022).  

Detection of the AmpC β-lactamases – All the strains were screened for the AmpC β-lactamase production by the disc 

antagonism test. The isolates which showed a reduced susceptibility to Cefoxitin were tested for confirmation by the 

modified three  dimensional test.  

i) Modified three dimensional test - Lawn culture of Escherichia coli ATCC 25922 was prepared on Mueller Hinton 

agar plate. Cefoxitin disc (30 µg) was placed on the plate.  linear slits (3 cm) were cut using sterile surgical blade 3 mm 

away from Cefoxitin disc. 30 µl of bacterial enzyme extract was loaded into each slit. After incubation at 370C, enhanced 

growth of surface organism at point where the slit intersected the zone of inhibition of Cefoxitin disc, causing clear 

distortion, was interpreted as positive AmpC enzyme. (Singhal et al. 2005). 

Detection of the Metallo- β- lactamases (MBLs) – Isolates resistant to Carbapenems were tested for MBL production . 

Confirmatory test was done by one of the methods: 

i) Disc potentiation test 

The organism was inoculated on Mueller Hinton agar plate. Two (10 µg ) Imipenem discs   were placed on the plate and 

10 µl of EDTA solution was added to one of them. Plates were incubated at 35o C for 16-18 hours. If the increase in the 

inhibition zone with the Imipenem and EDTA disc was more than 7 mm than the Imipenem disc alone, it was considered 

as MBL positive (Behera et al 2005).  

ii) Modified Hodge test for Carbapenemases 

Suspension of Carbapenem susceptible strain of Escherichia coli ATCC 25922 was prepared and swabbed across a 

Mueller Hinton agar plate.  Meropenem /Imipenem / Ertapenem  disc (10 µg)  was placed in the center of the test plate. 

Test isolate was streaked in a straight line from edge of   the disc to the edge  of the plate. After overnight incubation, 

positive test showed growth of Escherichia coli ATCC 25922 on the test streak line towards the Carbapenem disc. 

Negative test showed no growth of Escherichi coli on the test streak line (CDC 2009).  

The data thus obtained was compiled, tabulated and analysed statistically. 
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RESULTS  

The frequent use of antibiotics and even the dose and period of administration vary greatly from country to country, region 

to region and to some degree even locally. This has led to large differentials in the emergence of resistant strains. It is 

essential to study and report trends in antimicrobial resistance regularly. The emergence and dissemination of numerous 

types of β- lactamases as ESBLs, MBLs and AmpC enzymes among Gram negative bacterial strains pose a therapeutics 

challenge to the health care settings. These enzymes collectively can hydrolyze almost all β-lactum drugs which are most 

frequently used including Carbapenems which are called the last resort for the treatment of serious infection.  A total of 

427 non-duplicate MDR Gram-negative isolates were obtained from ICU patients, during the 4-year study period. The 

isolates were identified, and their antimicrobial resistance patterns was observed. Maximum number of isolates were 

identified from Medical ICU 288/427 (66.0%), followed by Surgical ICU 71/427(17%), ICU 30/ 427(7%), Intensive 

Coronary Care unit 16/427(4%), Neonatal ICU 12/427(3%), Pediatrics ICU 6(1%) and Burn ICU only 4(0.93%). As 

shown in table.1 

 

Table 1: Location wise distribution of MDR GNB Isolates from various ICUs 

       ICU                                 No. of Samples 

      

     MICU                                  288(66%) 

 

     SICU                                  71(17%) 

 

    1CU                                  30(7%) 

 

     CCU                                  16(4%) 

 

     NICU                                  12(3%) 

 

     PICU                                  6(1%) 

 

     BICU                                  4(%) 

 

 

Gender based distribution revealed 224/427 (52%) samples from males and 203/427 (48%) from females making male: 

female ratio as 1.1:1. Also, majority of isolates belonged to patients above 60 years of age followed by 31 -45years age 

group as shown in Table 2  

 

  Table 2:   Distribution  of  MDR GNB isolates from ICU urine samples, according to sex and age groups(n=427) 

 

Age 

Male Female 

N % N % 

1-15yrs 10 4.5 6 3.0 

16- 30yrs 19 8.4 13 6.4 

31-45yrs 27 12.1 21 10.3 

46-60 yrs 60 26.8 68 33.5 

Above 60yrs 108 48.2 95 46.8 

 

Most frequent GNB isolates were Escherichi coli 255/427 (60%) followed by Klebsiella pneumoniae 81/427 (19%), 

Pseudomonas aeruginosa 51/427(12%), Acinetobacter baumannii 14/427 (3.27%) , Providencia rettgeri 12/427(3%) , 

Proteus spp 8/427(2%), Enterobacter spp 4/427 (0.98%), Citrobacter freundii  and Serratia liqefaciens group 

1/427(0.123%) each in decreasing order as shown in table 3. 

 

Table 3: Species wise distribution of MDR GNB isolates 

Gram Negative Bacilli Frequency Percentage 

Escherichia coli   255 60.0 

Klebsiella pneumoniae    81 19.0 

Pseudomonas aeruginosa 51 12.0 

Acinetobacter baumannii 14 3.0 

Providentia  rettgeri 12 3.0 

Proteus spp. 8 2.0 

Enterobacter spp 4 1.0 

Citrobacter freundii 1 0.2 

Serratia liquefaciens group 1 0.2 

Total 427 100.0 
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Among E.coli the highest sensitivity was seen to Amikacin (68%) followed by Cefriaxone  /EDTA/ Sulbactum (66%)   

and least to  Nalidixic acid (18%) and Ticarcillin (16%).  klebsiella pneumoniae showed highest sensitivity to Gentamicim 

(65%) followed by Amoxyclav (52%) less to Ticarcillin (12%) and Cefepime (6%) Pseudomonas aeruginosa showed 

highest sensitivity to Polymyxin B (65%) and least to Ceftriaxzone (8%) Acinetobacter baumanii also showed maximum 

sensitivity (71%) to Polymyxin B but 100% resistance to Ampicillin , Ceftazidime/ Clavanate and Gentamicin  

 

Table 4: Antimicrobial Sensitivity Pattern of Isolates 

Antibiotic 

E.coli 

(n=25

5) 

k. 

pneumoni

ae.  (n=81) 

P. 

aeruginosa (n

=51) 

A. 

baumannii (

n=14) 

p. 

rettgeri(n=

12) 

Prote

us 

spp (n

=8) 

Ampicillin 15%  15% 12%    0 0 25% 

Cefixime  19% 16% 12%   14% 0 13% 

Ceftazidime 24% 20% 14%     7% 0% 13% 

Cefoxitin 36% 25% 41%      - 0% 38% 

Ceftriaxone 18% 20% 8%     7% 0% 63% 

Meropenem 68% 25% -       -  3% 

Imipenem -% -% 27%      -% -% -% 

Gentamicin 58% 65% 29%       0% 0% 38% 

Ciprofloxacin 19% 23% 14%       7% 0% 13% 

Norfloxacin 24% 23% 18%     17% 0% 13% 

Cefoperazone/Sulb

actum 
29% 19% 16%      29% 0% 38% 

Piperacillin 

/Tazobactum 

56% 28% 33%       14 0% 50% 

Amoxicillin/Clavul

anic acid 

24% 52% 16%        0% 0% 13% 

Nitrofurantoin 49% 17% 22%        4% 0% 13% 

Colistin 49% 52% 49%        64% 0% 50% 

Tigecycline 45% 47% 39%       50% 0% 25% 

 

ESBL production was maximum detected in Escherichia coli 121/255(47.45%) followed by Klebsiella pneumonia 

33/81(40.7%), Pseudomonas aeruginosa 6/51(11.76%), Providencia rettgeri 6/12 (50%), Acinetobacter spp 4/14(28.5) 

Proteus spp 4/8 (50%) and Enterobacter spp. 1(25%)  



Genetics and Molecular Research 25 (17s): 2026       5 

 
Figure 1: Screening for ESBL CAZ-ceftazidime CTX-cefotaxime CPD-cefpodoxime        

     

 
Figure 2:  ESBL Confirmatory Test Double disc synergy test (DDST) 

                                 

AmpC production was also highest in Escherichia coli 72/255(28.3%) followed by Klebsiella pneumonia 28/81(34%), 

and however least production was seen in Pseudomonas aeruginosa 5/51(9.8%).                                                  

                                                   
 

Figure 3: Screening result for AmpC producer  showing resistant to cefoxitin(Cx) 
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     Figure 4: Isolate showing clear distortion of the zone of inhibition indicating  AmpC  producers               

 

Majority of MBL were observed in Escherichia coli 18/255 (7%), followed by Klebsiella pneumoniae 17/81(20.98%), 

Pseudomonas aeruginosa 16/51(31.37%) and least in Acinetobacter spp 3/14 (21.4%) as shown in table 5.  

 

 

Figure  5: DPT-Strain showing ≥7mm of increase in zone of inhibition of IMP-EDTA as compared to IMP disc 

alone 

         
Figure 6: The MHT performed on a Muller Hinton Agar plate. (1) MHT positive result (2) MHT negative result 

and (3) a clinical isolate, positive result 

 

  Table: 5  Distribution of ESBL, AmpC and MBL among  GNB isolates 

              G.N.B          N isolated       ESBL      AmpC        MBL 

 

Escherichia. Coli 

 

255(60%) 121(47.45%) 72(28.23%) 18(7%) 

Klebsiella pneumonia 

 

81(19%) 33(40.7%  ) 28(34.5%) 17(20.98%) 

Pseudomonas aeruginosa 

 

51(12%) 6(11.76%) 

 

5(9.8%) 16(31.37%) 

Acinetobacter baumannii 

 

14(3%) 4(28.5%) 1(7.1%) 3 (21.4%) 
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Providencia rettgeri 

 

12 (3%) 6(50%)  5 (41.6%) 

Proteus spp. 

 

8(2%) 4(50%)  - 

Enterobacter spp 

 

4(1%) 1(25%) 1  

Citrobacter freundii 

 

1(0.23%) - - - 

Serratia liquefaciens group 

 

1(0.23%) - - - 

 427 175(40.9%) 106(24.82%) 59(13.81%) 

In our study, the overall MBL production was 13.81%, with the highest occurrence in Pseudomonas aeruginosa (31.37%), 

followed by Acinetobacter spp (21.4%), Klebsiella pneumoniae (20.98%) and the lowest in E. coli (7%). 

 In our study co-production  was observed as 21( 8.2% ) , 3( 1.17%) , and 50(19.6%) in  E.coli strains E/M, A/M and E/A 

respectively; 5(6.17%) ,1 (1.23%), and 12( 14.8%) klebsiella pneumonia strains E/M, A/M and E/A respectively; 5(9.8%) 

and 1(1.9%) Pseudomonas aeruginosa strains E/M  and E/A respectively; 2(14.2%) and 1(7.14%) Acinetobacter 

baumannii strain A/M and E/A respectively while only 1(25%)  Enterobacter strain had E/A. 

 

Table :6 Co production of ESBL, AmpC, and MBL β lactamases among MDR GNB isolates 

Organism                     E/M                  A/M                  E/A     

 E.coli   255                                                       

 

        21(8.2%) 3(1.17%) 50(19.6%) 

Klebsiella pneumonia                          

81 

 

         5(6.17%) 1(1.23%) 12(14.8%) 

Pseudomonas aeruginosa                  

51 

 

         5(9.8%) - 1(1.9%) 

Acinetobacter baumannii                  

14 

 

- 2(14.2%) 1(7.14%) 

      Providencia rettgeri                            

1 

 

- -  

Proteus 

spp                                          . 

8 

 

- -  

Enterobacter spp                                  

4 

 

- - 1(25%) 

Citrobacter freundii                             

1 

 

- -  

Serratia liquefaciens group                 

1 

- - - 

 31(7.25%) 6(1.40%) 65(15.22%) 

 

DISCUSSION 

The emergence and dissemination of GNB in ICUs have become a major global health concern, posing a significant 

challenges to patient management and infection control. Critically ill patients are highly vulnerable due to invasive 

procedures, prolonged hospital stays, and broad-spectrum antibiotic exposure, which promote colonization and infection 

by resistant pathogens (Karmakar et al., 2025). This study is based on the antimicrobial resistance and multidrug resistance 

of the organisms isolated from ICU. Antibiotics are among most commonly prescribed drugs in ICU. Our study, conducted 

on 427 ICU patients at Sri Guru Ram Das Institute of Medical Sciences and Research, Vallah, Sri Amritsar and Acharya 

Shri Chander College of Medical Sciences and Hospital, Sidhra, Jammu over four years, provides valuable insights into 

the spectrum of MDR GNB, their antimicrobial resistance pattern . In our study most isolates originated from the Medical 

ICU, comprising 288 of 427 cases (66.0%), followed by the Surgical ICU with 71 cases (17%). These results align with 

prior studies, done by ,Ghanshani and Balakrishan who found maximum cases from medical ICU as 50.6%, 98%  

(Ghanshani  et al., 2015  and  Balakrishnan S et al., 2019). Most MDR GNB isolates were from males (52%) where 

majority of patients belonged to age group > 60yrs. These findings align with prior studies (Dumade et al., 2019 and 

Alebel et al., 2021). In our study, Escherichia coli  (60%) was the most frequently isolated GNB, followed by Klebsiella 

pneumonia (19%), Pseudomonas aeruginosa (12%), Acinetobacter baumanni (3%), Providencia rettgeri (3%) and others. 
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These patterns align with prior research   done by Pattanayak who reported E.coli  as the leading  isolate 

(52.7%)(Pattanayaka et al., 2013) In another study, it was reported E. coli (41.4%) most prevalent, followed by 

Pseudomonas spp. (40.0%), Klebsiella spp. (23.5%), and Acinetobacter spp. (29.4%) ( Dumade et al., 2019). Similarly in 

a study done in Iran E.coli (76.9%) and K. pneumoniae (3.8%) were the most prevalent. (Hashemian et al., 2023). In our 

study , among the 255 E. coli isolates, Meropenem showed the highest sensitivity (68%), followed by CEC (66%), 

Amikacin (63%), sensitivity to Cephalosporins varied from 15% (Cefpodoxime) to 34% (Ceftazidime), while Penicillin-

class drugs had very low sensitivity rates: 15% for Ampicillin and 16% for Ticarcillin.  Similar pattern was observed in a 

study done (Mainai et al., 2023 and Joseb et al.,2023). In our study, Klebsiella pneumoniae isolates showed the highest 

sensitivity to Gentamicin (65%), followed by Amoxiclav and Colistin (52% each), Our results align closely with a study 

reported from Satara, (Patil et al., 2016). However, our findings diverge sharply from a study where, it was observed that 

a very high sensitivity to Cefotaxime and Ceftazidime (92% each), Cefepime (86%), Ciprofloxacin (82%), Amikacin and 

Amoxiclav (76% each), Cotrimoxazole, Piperacillin/Tazobactam, and Levofloxacin (73% each), Imipenem (69%), and 

Tigecycline (57%) was noted ( Swakoli  et al., 2019) In the present study, Pseudomonas aeruginosa isolates showed the 

highest susceptibility to Polymyxin B and Gentamicin (65% each), followed by Colistin (52%–44%), 

`Piperacillin/Tazobactam (33%), Carbapenems (25%), Tigecycline (47%), Fosfomycin (40%), and Nitrofurantoin (22%). 

Ticarcillin had modest activity (13%) among Penicillins. Within Cephalosporins, Cefpodoxime led with 18%, followed 

by Ceftazidime and Cefepime (14% each), and Cefixime (12%). Tobramycin exhibited the lowest activity (4%). These 

findings share trends with prior research but vary in specifics.  Alebel reported very high activity for Cefepime (90%) and 

Imipenem (83%), moderate susceptibility to Ciprofloxacin (45%), and no activity against Ampicillin, Gentamicin, 

Ceftazidime, Ceftriaxone, or Tetracycline (Alebel  et al., 2012).  In another study a comparable profile was observed, with 

highest susceptibility to Tigecycline (37%), followed by Imipenem and Piperacillin/Tazobactam (18% each). In our study, 

Acinetobacter spp. exhibited the highest sensitivity to Polymyxin B (71%), followed by Colistin (64%) and Tigecycline 

(50%). Complete resistance was seen for Ampicillin, Amoxiclav, Amikacin, Gentamicin, and Nalidixic acid. In our study, 

Providencia rettgeri isolates exhibited resistance to most antibiotics, with partial sensitivity observed for Imipenem (50%), 

Fosfomycin (42%), and Ticarcillin (25%). These findings are comparable to those reported by Gangadhar, in his study 

where all isolates were resistant to the majority of antibiotics except Imipenem, which showed 100% sensitivity 

(Gangadhar et al., 2019). Similarly, in another study it was found that P. rettgeri was resistant to all tested antibiotics 

except Amoxyclav and Cotrimoxazole, both demonstrating complete sensitivity (Dumade  et al., 2019). In our study, 

Proteus vulgaris showed the highest sensitivity to Cefoperazone /Sulbactam (80%), followed by Amikacin, Gentamicin, 

Cefoxitin, and Colistin (60% each). In our study, Enterobacter spp. exhibited the highest sensitivity (50%) to 

Piperacillin/Tazobactam, Aminoglycosides (Amikacin and Gentamicin), Norfloxacin, and Ertapenem. Conversely, all 

isolates demonstrated complete resistance to most Cephalosporin. These findings align partially with the study conducted 

by Marzieh , which reported 100% sensitivity to Amikacin, 50% sensitivity to Imipenem, and complete resistance to 

Cephalosporins and Ciprofloxacin (Hashemian et al., 2023) 

The infections which are caused by multidrug-resistant Gram negative bacilli that produce various β lactamase enzymes 

have been reported with an increasing frequency in the intensive-care units and they are associated with a significant 

morbidity and mortality . The numerous β- lactamases are encoded either by the chromosomal genes or by the transferable 

genes which are located on the plasmids or the transposones .( Oberoi et al., 2013). The ESBL production in our study 

was (40.9%) found to be maximum as compared to the other β lactamases. Similar findings were reported in a study which 

was done by Bandekar et al, which showed a high prevalence of the ESBL producers (39.8%) in burn patients (Bandekar 

et al., 2011). A study which was done by Harakuni et al reported a high prevalence of the ESBLs (74%) in ICU patients 

(Harakuni et al., 2011). Laghawe et al, in his study, reported 19.67% ESBL producers (Laghawe et al., 2012). It has been 

proved that the prevalence of the ESBLs among the clinical isolates varies from country to country and institution to 

institution within the same country. In our study, the AmpC production was seen in 24.82 % isolates as compared to that 

in other studies that had reported a prevalence of the AmpC producers. It was 17.3% in Kolkata and 22.9% in a study 

which was done by Bandekar et al (Bandekar  et al., 2011) in burn patients, and Bhattacharjee et al showed 22% AmpC 

producing Pseudomonas aeruginosa (Bhattacharjee et al 2008). In the index study, the MBL producers were 13.81%. Our 

findings were in concordance with the study which was done by Bandekar et al, who reported 15.7% MBL producers 

(Bandekar  et al 2011) . The coexistence of different classes of β-lactamases in a single bacterial isolate may pose 

diagnostic and treatment challenges. The AmpC producing organisms can act as a hidden reservoir for the ESBLs. Also, 

the high-level expression of the AmpC β-lactamases may mask the recognition of the ESBLs and it may result in a fatal 

and an inappropriate antimicrobial therapy. In our study co-production  was observed as 21( 8.2% ) , 3( 1.17%) , and 

50(19.6%) in  E. coli strains E/M, A/M and E/A respectively; 5(6.17%) ,1 (1.23%), and 12( 14.8%) klebsiella pneumonia 

strains E/M, A/M and E/A respectively; 5(9.8%) and 1(1.9% ) Pseudomonas aeruginosa strains E/M  and E/A 

respectively; 2(14.2%) and 1(7.14%) Acinetobacter baumannii strains ,A/M and E/A respectively while only 1(25%)  

Enterobacter strain had E/A. In the study done by ( Oberai et al., 2012), the co- production of the ESBL/MBL/ AmpC β- 

lactamases was observed as  (19.04%) . The ESBL and MBL co production was detected as (8.79%) and it was found to 

be maximum in Escherichia coli (33.34%), Pseudomonas aeruginosa (25%) and Klebsiella pneumoniae (16.67%), which 

is quiet different than our study. While the ESBL and the AmpC co- producers were 18 (6.59%) which is quite similar to 

our study and they were commonly isolated from Escherichia coli (50%), Klebsiella pneumoniae (22.23%) and 

Acinetobacter baumannii (16.67%) . The co- production of AmpC and MBL was observed as (3.67%)   and it was detected 

in Escherichia coli . Our results did not match with the A/M co-production as we got the findings on higher side but we 

got the predominant organism as E.coli in our study.  
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CONCLUSION  

Antimicrobial resistance is an escalating global public health challenge.  Gram negative bacilli with diverse resistance 

mechanisms—such as extended-spectrum β-lactamase (ESBL), Metallo-β-lactamase (MBL) and AmpC production, and 

combinations of these are increasingly reported worldwide. This trend is largely the consequence of widespread and 

indiscriminate antimicrobial use. The problem is particularly pronounced in developing countries, where antibiotic 

regulation is often lacking. At the same time, the pace of new antimicrobial drug development has slowed considerably, 

with only a few agents introduced each year. Strict infection control practices, proper following of antibiotic policies and 

measures to restrict the indiscriminate use of Cephalosporins and Carbapenems in the hospital environment should be 

undertaken to minimize the emergence of this multiple β- lactamase producing organism whose spread would leave no 

other option to treat MDR Gram- negative bacterial infections. The increase in the prevalence of the AmpC, MBL and the 

ESBL producing isolates may be indicative of the ominous trend of more and more isolates acquiring the resistance 

mechanisms, thus rendering the antimicrobial armamarium ineffective. 
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