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Abstract: Antimicrobial resistance is a growing threat worldwide. Predominant mechanism for resistance to the 

β -lactam antibiotics in Gram negative bacilli is the production of β -lactamases. The present work was aimed to 

evaluate the antibiotic susceptibility pattern of 368 isolates, isolated from more than 563 clinical samples 

towards Piperacillin/tazobactam, Imipenem/cilastatin,  Amoxacillin/Clavulanic acid and compared its efficacy 

with a new antibiotic adjuvant entity Elores (ceftriaxone+sulbactam with adjuvant ethylenediaminetetraacetic 

acid/EDTA). Among the samples which showed the presence of pathogens, around 47.3 % samples were of urine 

followed by blood, pus and sputum samples which contributed to 36.0 %, 8.7% and 5.2 % respectively. Among 

the isolates, E. coli (61.4 %) was found to be the most dominant pathogen. Klebsiella species (22.0 %), and P. 

aeruginosa (14.4 %), also contributed significantly to the isolated pool of pathogens followed by A. baumannii 

(1.1 %), and P. mirabilis (1.1 %). Higher susceptibility rates were achieved by Elores in comparison with 

Piperacillin/tazobactam and Amoxacillin/clavulanic acid. Imipenem/cilastatin resistance was high in A. 
baumannii  (75 %) whereas Proteus spp. showed (100 %) susceptibility. Predominant pathogens when compared 

to Elores to which low resistance ranged from (12.0 %) (least in Proteus spp.) to (22.0 %) (highest in  Klebsiella 

spp.) was observed. Overall, the results of the present study strongly advocate the superiority of Elores over 

Piperacillin/tazobactam, Imipenem,  Amoxacillin/Clavulanic acid  and can be of very effective alternative to 

treat against the deadly multi drug resistant Gram negative bacteria. 
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I. Introduction 
Antimicrobial resistance is a growing threat worldwide. Resistance mechanisms have been found for 

every class of antibiotic agents. The predominant mechanism for resistance to the beta lactam antibiotics in 
gram negative bacilli (GNB) is the production of extended spectrum β-lactamase (ESBL), which is responsible 

for the resistance to the 3rd generation of cephalosporins [1]. These enzymes catalyze the hydrolysis of the β-

lactam ring of antibiotic, thereby destroying the antimicrobial activity. ESBLs have been reported worldwide in 

many different genera of Enterobacteriaceae and Pseudomonas aeruginosa [2]. ESBL producing organisms are 

often resistant to several other classes of antibiotics, as plasmids with gene encoding ESBLs often carry other 

resistance determinants. Indian subcontinent is one of the Asian country to report high rates of ESBL 

production. Kamath et al. [3]  reported that 71.8% of blood stream infections in India were caused by Gram-

negative bacteria, with Klebsiella species accounting for 16.4%, Pseudomonas species 13.6%, E. coli 11.8%, 

Enterobacter  spp. 11.4% and Acinetobacter spp. 10%. Blomgran et al. [4] and Jha and Bapat [5] reported that 

50% of urinary tract infections (UTI) in patients are accounted for E.coli. The emergence of E. coli and 

Klebsiella species resistance to ceftazidime and other cephalosporins seriously compromised the efficacy of 
these life saving antibiotics [6]. One study reported a 68% prevalence of ESBL phenotypes among E. coli and 

K.pneumoniae  isolates, one of the highest rates reported for any country world-wide [7]. In 2007 in Asia pacific 

region was found to harbour plasmid borne ESBLs 62% and 75% in E. coli and Klebsiella spp. respectively [8]. 

ESBL production rate was 43%, 73.8%, 96% and 70% in E. coli and 60% in Klebsiella spp. in Pakistan, Iraq, 

Iran and India respectively in 2009, 2011 and last two were in 2010 [9-11]. 

Carbapenems have been the most successful β-lactam antibiotics used in the treatment of infections 

caused by β-lactam resistant Gram-negative bacteria. However, there have been reports of resistance to 

carbapenems [12,13]. Resistance to carbapenem due to the production of metallo-beta-lactamases (MBL) in 

Gram-negative bacteria (GNB) is an increasing international public health problem [14]. Metallo-β-lactamases 

(MBLs) are metalloenzymes of Ambler class B and are clavulanic acid-and tazobactam resistant enzymes. They 

require divalent cations of zinc as co-factors for enzymatic activity and are universally inhibited by 

ethylenediamine tetra-acetic acid (EDTA), as well as other chelating agents of divalent cations [15]. The metallo 
β-lactamase in GNB is becoming a therapeutic challenge, as these enzymes usually possess a broad hydrolysis 

profile that includes all β-lactam antibiotics including carbepenems [16]. IMP and VIM genes responsible for 
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MBL production are horizontally transferable via plasmids and can rapidly spread to other bacteria [17]. There 

are several mechanisms for carbapenem resistance such as the lack of drug penetration due to mutation in 

porins, loss of certain outer membrane proteins and efflux mechanisms [18]. In India, the prevalence of MBL 
range from 7.5 to 75% [19-22].  The carbapenems available for use in India are imipenem and meropenem [23]. 

It has also been reported that from 1989 through 2006, the proportion of P. aeruginosa isolates demonstrating 

resistance to imipenem increased from 13% to 20% [24]. Another study by Taneja et al. [25] showed 42% 

resistance to imipenem in urinary isolates.  

Piperacillin/tazobactam is a beta-lactam/beta-lactamase inhibitor combination that has a wide range of 

activity against Gram-positive, Gram-negative, and anaerobic pathogens.  Higgins et al. [26] reported that the 

addition of the β-lactamase inhibitor tazobactam to piperacillin had a small effect on raising susceptibility 

(30.2%), also piperacillin/tazobactam  resistance rates were very high (69–75%) against Pseudomonas. 

Amoxicillin/clavulanate is a combination of a ß-lactam with a ß-lactamase inhibitor which restores the 

potency of amoxicillin against strains producing ß-lactamases [27]. Combination of amoxicillin and potassium 

salt of clavulanic acid were effective against beta-lactamase producing gram negative strains. Current report 
from Moremi et al. [28] showed that 83.9% resistance was reported for amoxicillin/clavulanate among gram 

negative bacteria.  

As the use of antibiotics such as Ceftriaxone, Piperacillin/tazobactam, Imipenem, and 

Amoxacillin/Clavulanic acid in the treatment of Gram-negative infections increases every day and also there is a 

lack of access to accurate information on regional sensitivity pattern of these antibiotics, we decided to compare 

the Gram-negative bacterial resistance of above antibiotics with adjuvant entity Elores (ceftriaxone/sulbactam 

with adjuvant EDTA). 

 

II. Materials and Methods 
2.1 Sample collection 

Different clinical samples such as urine, blood, pus, sputum, bile, swab, ET secretion were collected 

from 563 (Five hundred and sixty three) patients suspected of bacterial infection during a period of 6 months 

(May to October 2014), from various diagnostic labs and hospitals of Western Uttar Pradesh and Rajasthan state 

of India. The collection and processing of the samples were done as per a common SOP . 

 

2.2 Isolation and identification of microbes 

All the samples were collected aseptically in sterile containers. Urine samples collected in sterile 

universal container were directly inoculated to the respective selective media. Other liquid specimens such as 

pus, sputum, bile, and endotracheal (ET) secretion collected in sufficient amount were inoculated on the 

different selective and non-selective culture media as per the standard microbiological techniques. Details of the 

culture media used for the isolation of pathogens from various clinical samples are given in Table (1).  Blood 
samples collected in brain heart infusion (BHI) broth in a ratio of 1:5 (blood/broth) were first incubated 

overnight at 37°C and then subcultured on to the selective and non-selective media. All the media were 

incubated aerobically overnight at 37°C. Organisms were identified on the basis of colony morphology, Gram 

staining, motility, and biochemical reactions. Biochemical reactions were performed by inoculating the bacterial 

colony in a nutrient broth at 37°C for 2–3 hours.  

 

Table 1: Selective culture medium used for isolation of different pathogens. 

Pathogen Selective media 

E. coli  Eosine Methylene Blue (EMB) agar medium 

A. baumannii  Leeds acinetobacter agar base medium 

Klebsiella species  Hicrome Klebsiella selective agar base medium 

Proteus spp. EMB agar and Mcconkey's agar 

P. aeruginosa  Citrimide agar 

 
2.3 Antibiotic susceptibility testing 

Antimicrobial susceptibility testing was done by Kirby–Bauer disk diffusion method as recommended 
by the Clinical Laboratory Standards Institute (CLSI) guidelines. The discs of meropenem (10 μg), 

Imipenem/cilastatin (10 μg), Elores disk (45 μg), Piperacillin/tazobactam (110 μg) and Amoxicillin/Clavulanate 

(30 μg), were procured from Himedia (Mumbai, India) and used in the study. Inoculum of 0.5 McFarland 

standards turbidity was prepared in a Mueller-Hinton broth (MHB, Hi-Media, Mumbai, India) from isolated 

colony of pathogens selected from 18–24 hour agar plates. Within 15 minutes, a sterile cotton swab was dipped 

into the inoculum suspension. The swab was rotated several times and pressed firmly against the inside wall of 
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the tube above the fluid level and inoculated on the dried surface of a Mueller-Hinton agar (MHA) plate by 

streaking the swab over it. For even distribution of inoculum, the swab was streaked two more times at 60° over 

the agar surface. After 3–5 minutes, antibiotic discs were applied and pressed down to ensure complete contact 
with agar surface. The discs were distributed evenly to ensure a minimum distance of 24 mm from center to 

center. The plates are then inverted and incubated for 16-18 hrs aerobically at 37° C within 15 minutes of disc 

application. Sensitivity of isolated organisms against antibiotics were reported as sensitive (S) or resistant (R) 

based on the breakpoints. 

 

III. Results and Discussion 
A total 563 clinical samples of urine, blood, pus, sputum, bile, swab, ET secretion processed for 

isolation of pathogenic bacteria. Out of the samples analyzed, 368 samples showed the presence of pathogens 

while in 195 samples showed no growth of organisms (Table 2). Among the samples showed the presence of 
pathogens, around 47.3 % samples were of urine followed by blood, pus and sputum samples which contributed 

to 36.0 %, 8.7% and 5.2 %, respectively. Bile, ET secretion and swab samples contributed to 1.1 %, 1.1 %, and 

0.54 % respectively (Table 2). 

Morphological and biochemical characterization of the samples showing bacterial growth revealed 

presence of 5 different Gram negative organisms such as E. coli,  Klebsiella species, P. aeruginosa, A. 

baumannii, and Proteus spp.. The detailed profile of various organisms collected from various clinical samples 

is shown in Fig 1. Among the isolates, E. coli (61.4 %) was found to be the most dominant pathogen.  Similar 

study performed by Sharada et al. [29] reported high rate (76.47%) of E.coli prevalence. In another study 

performed by Hamdan et al. [30] reported E. coli as the most common pathogen about 77.7% among Gram 

negative isolates. This goes with results that obtained in Tanzania where E. coli was 38% of the Gram-negative 

isolates [31]. Klebsiella spp.  (22.0 %), and P. aeruginosa (14.4 %) also contributed significantly to the isolated 
pool of pathogens followed by A. baumannii (1.1 %), and Proteus spp (1.1 %). A similar prevalance of  

Klebsiella spp. was reported by Ananthan and Subha [32] from Chennai where they reported 23.6% of 

Klebsiella spp. from clinical isolates. In another study, Supriya et al. [33] from Nagpur have also reported the 

prevalence of Klebsiella spp. to be (25.65%). A study conducted in Aligarh tertiary care hospital has also 

showed the prevalence of Klebsiella spp. to be 30.18% from clinical samples [34]. The results of present study 

showed that prevalence of P. aeruginosa was (14.4 %) which is in accordance with the results reported by 

Wasnik and Tumane [35]. However Shaikh et al. [36] in his study observed 25.13% P. aeruginosa prevalence in 

clinical samples. However the isolates like A. baumannii (1.1 %), and Proteus spp. (1.1 %) contribute non-

significantly in the present study, same as reported by Ejaz et al. [37] where they reported low prevalence of A. 

baumannii (1.0 %), and P. mirabilis (1.0 %). 

Frequency of isolation of pathogenic organisms from various specimens is depicted in Table 3. E. coli 

was the most prevalent pathogen among most of the samples accounting for 42.0 % in sputum, 68.4 % urine, 
60.0 % in blood,  25.0 %  in bile and 25.0 % in ET secretions (Table 3). Similar results for E.coli was reported 

from Kumar et al. [38] where majority of isolates were recovered from urine (54.67%). E. coli was also reported 

to be the most prevalent organism in urine (56.57%) in a study performed by Khan et al. [39].  Kibert and Abera 

[40] also reported the isolation rate of E. coli was the highest in urine samples (45.5%). Similar results were 

observed by Ibrahim et al. [41] reporting high prevalence (65.1 %) of E. coli among the urine samples collected 

from urinary tract infection patients. Kumar et al. [38] reported considerable prevalence (66.67%) of E. coli 

isolated from blood. Patel et al. [42] reported high prevalence of E coli among sputum (45.83 %) which is in 

well accordance with results of the present study. Klebsiella spp. contributed for 42.0 % in sputum samples, 21.0 

% in blood samples and 21.0 % in urine samples. Romanus and Egwu [43] reported high prevalence of 

Klebsiella spp. which was predominantly isolated from sputum (47.1%). Iroha et al. [44] also reported 

considerable prevalence (31.6 %) Klebsiella spp. in nosocomial sputum samples. Subha et al. [45] also reported 
considerable prevalence  of Klebsiella spp. 42.8% in nosocomial sputum samples, (28.6%) from blood and  

(28.6%) from urine specimens.  P. aeruginosa accounted for 21.0 % in sputum, 17.3 % in blood, 11.5 % in  

urine, 19.0 % in pus samples (Table 3). Similar results were reported by Khan et al. [46], where they reported 

the distribution of  P. aeruginosa to 10.0 % in urine. 

Antibiogram profile for all the pathogens isolated from various clinical samples is presented in Fig. 3 

and 4. The susceptibility of E. coli, Klebsiella spp., P. aeruginosa, A. baumannii and Proteus spp. towards 

Elores was 81.0 %, 78.0 % , 84.0, 79 and 88.0 %,  respectively, which was high when compared towards 

Piperacillin/tazobactam and Amoxicillin/Clavulanic acid. On the other hand A. baumannii showed higher 

resistance (75.0 %) towards Imipenem/cilastatin in comparison to other organisms i.e. E. coli, Klebsiella spp., 

and P. aeruginosa (20.0 %, 33.3 % and, 28.0 %, respectively) whereas Proteus spp. showed 100.0 % 

susceptibility. A high prevalence of resistance (60%-100%) to Piperacillin/tazobactam and  

Amoxicillin/Clavulanic acid among all isolated Gram negative bacterial pathogens was observed. Mohammadi 
and Feizabadi [47] reported that the findings of their study are indicative of high resistance rates in most 
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microorganisms. They reported 60% Piperacillin/tazobactam resistance to most of the Gram negative organisms. 

Similarly amoxicillin/clavulanate resistance was about (83.9%) in a study by Moremi et al. [48]. In present 

study imipenem showed good activity against gram negative organisms. Similar study done by Kader and 
Kumar et al. [49] also showed imipenem had good activity against the ESBL-producing gram negative isolates 

tested (over 92% of isolates were susceptible). Previous reports [50, 51] also reported that imipenem/cilastin had 

the highest activity against the ESBL-producing organisms. Very recently, Sahu et al. [52] indicated higher 

susceptibility of Elores for E. coli, P. aeruginosa and Klebsiella spp. Earlier several authors showed that the 

overall resistance to various generations of cephalosporins was high on account of the production of ESBLs by 

the bacteria [53,54]. Hence, addition of sulbactam with adjuvant EDTA to ceftriaxone monotherapy significantly 

reduced the percentage resistance and increased the percentage susceptibility against all the organisms (Fig. 4). 

According to a previous study conducted in India for the treatment of skin and skin structure infection (SSSIs) 

and bone and joints infections (BJIs) more than 80 % of the studied patient were clinically cured with 

ceftriaxone+sulbactam with adjuvant EDTA (Elores) [22]. 

 

IV. Conclusion 
The bacterial susceptibility and resistance profile of all isolates in this study have shown that Elores 

and Imipenem remain the most effective drugs against gram negative pathogens, suggesting that use of Elores 

over other antibiotics should be preferred.  However there is a need to emphasize on the rational use of 

antimicrobials and strictly adhere to the concept of reserve drugs to minimize the misuse of available 

antimicrobials. In addition, regular antimicrobial susceptibility surveillance is essential. 

 

References 
[1] S. Umadevi, G. Kanhakumari , N.M. Joseph, S. Kumar, J.M. Eaow, S. Atephen, U.K. Singh, Prevalence and antimicrobial 

 susceptibility pattern of ESBL producing Gram negative bacilli, Journal of Clinical and Diagnostic Research, 5(2), 2011, 236-

 239. 

[2] N. Gupta, R.P. Singh, study & analysis of extended spectrum beta lactamase, International Journal of Education and Applied 

 Research, 2(1), 2012. 

[3] S. Kamath, S. Mallaya, S. Shenoy, Nosocomial infections in neonatal intensive care units: profile, risk factor assessment and 

 antibioGram, Indian Journal of Pediatrics, 77,  2010, 37-39.  

[4] R. Blomgran, L. Zheng, O. Stendahl, Uropathogenic Escherichia coli triggers oxygen-dependent apoptosis in human neutrophils 

 through the cooperative effect of type 1 fimbriae and lipopolysaccharide, Infection and Immunity, 72, 2004, 4570–4578. 

[5] ]N. Jha, S.K. Bapat, A study of sensitivity and resistance of pathogenic microorganisms causing UTI in Kathmandu Valley, 

 Kathmandu University Medical Journal, 3, 2005, 123-129.  

[6] F. Perez, A. Endimiani, M.H. Kristine, R.A. Bonomo, The continuing challanges of ESBL, Current Opinion in Pharmacology, 7(5

 ), 2007, 459–469. 

[7] D. Mathai, P.R. Rhomberg, D.J. Biedenbach, R.N. Jones, Evaluation of the in vitro activity of six broad-spectrum beta-lactam 

 antimicrobial agents tested against recent clinical isolates from India: a survey of ten medical center laboratories. Diagnostic 

 Microbiology and Infectious Disease, 44, 2002, 367–377. 

[8] J.M. Bell, M. Chitsaz, J.D. Turnidge, M. Barton, L.J. Walters, R.N. Jones, Prevalence and Significance of a Negative Extended-

 Spectrum-Lactamase (ESBL). Confirmation Test Result after a Positive ESBL Screening Test Result for Isolates of Escherichia 

 coli and Klebsiella pneumoniae :Results from the SENTRY Asia-Pacific Surveillance ProGram, Journal of Clinical 

 Microbiology, 45(5), 2007, 1478-1482 

[9] A.M. Ali, S. Rafi, A.H. Qureshi, Frequency of extended spectrum beta-lactamase producing Gram negative bacilli among clinical 

 isolates at clinical laboratories of Army Medical College, Rawalpindi, Journal of Ayub Medical College Abbottabad, 16(1), 

 2004,35–37. 

[10] A.H. Al-Charrakh, S.Y. Yousif, H.S. Al-Janabi, Occurence and detection of Extended Spectrum-lactamases in Klebsiella isolates 

 in Hilla, Iraq, African Journal of Biotechnology, 10(4), 2011, 657-665. 

[11] J. Sharma, M. Sharma, P. Roy, Detection of TEM and SHV genes in Escheria coli and Klebsiella pneumoniae isolates in a 

 tertiary care hospital from India, Indian Journal of Medical Researc, 132, 2010, 332-336. 

[12] H. Yano, A. Kuga, R. Okamoto, H. Kitasato, H. Kobayashi, M. Inoue, Plasmid coded metallo-beta-lactamase (imp-6) conferring 

 resistance to carbapenems, especially meropenem. Antimicrobial Agents and chemotherapy, 45, 2001, 1343-1348. 

[13] H. Kurokawa, T. Yagi, N. Shibata, K. Shibayana, Y. Arakawa, Worldwide proliferation of carbapenem resistant Gram negative 

 bacteria, Lancet, 354, 1999, 955. 

[14] G. Cornaglia, M. Akova, G. Amicosante, R. Canton, R. Cauda, J. D. Docquier, et al, Study group for antimicrobial surveillance 

 (ESGARS). Metallo-beta-lactamases as emerging resistant determinants in Gram negative pathogens: open issues. International 

 Journal of Antimicrobial Agents, 29, 2007, 380-388. 

[15] T.R. Walsh, M.A. Toleman, L. Poirel, P. Nordmann, Metallo-beta-lactamses: The quiet before the storm? Clinical Microbiology 

 Reviews, 18, 2005, 306-325. 

[16] I. Galani, P.D. Rekatsina, D. Hatzaki, D. Plachouras, M. Souli, H. Giamarellou, Evaluation of different laboratory tests forthe 

 detection of metallo β-lactamase production in Enterobacteriaceae. Journal of  Antimicrobial Chemotherapy, 61, 2008, 548-53. 

[17] P.M. Bennett, Integrons and gene cassettes; A genetic construction kit for bacteria, Antimicrobial Agents and chemotherapy, 43, 

 1999, 1-4. 

[18] M.J.C. Noyal, G.A. Menezes, B.N. Harish, S. Sujatha, S.C. Parija, One of the most important mechanisms of microbial resistance 

 to β-lactam antibiotics (penicillins, cephalosporins, monobactams, and carbapenems) is hydrolysis by β-lactamases. Simple 

 screening tests for detection of carbapenemases in clinical isolates of nonfermentative Gram-negative bacteria, Indian Journal of 

 Medical Research, 129, 2009, 707-712. 

[19] A. Rajput, R. Saxena, K.P. Singh, V. Kumar, S. Singh, A. Gupta et al, Prevalence of antibiotic resistance pattern of Metallo-β 

 -lactamase producing Pseudomonas aeruginosa from brain patients. Experience of an Indian tertiary care hospital, Journal of 

 Burn Care & Research, 31, 2010, 264-268. 



Prevelance and Susceptibility Analysis of Gram negative pathogens 

DOI: 10.9790/3008-10345865                                            ww.iosrjournals.org                                         62 | Page 

[20] U.R. Karthika, S.R. Rao, S. Sahoo, P. Shashikala, R. Kanungo, S. Jayachandaran, et al. Phenotypic and genotypic assays for 

 detecting the prevalence of metallo-beta-lactamases in clinical isolates of Acinetobacter baumannii from a south Indian tertiary 

 care hospital, Journal of Medical Microbiology, 54, 2009, 430-435. 

[21] A.S. De, S.H. Kumar, S.M. Baveja, Prevalence of metallo- β -lactamase producing Pseudomonas aeruginosa and Acinetobacter 

 species in intensive care areas in a tertiary care hospital, Indian Journal of Critical Care Medicine, 14, 2010, 217-219. 

[22] M. Chaudhary, A. Payasi, Rising Antimicrobial Resistance of Pseudomonas aeruginosa isolated from Clinical Specimens in 

 India. Journal of Proteomics and Bioinformatics, 6, 2013, 1 

[23] E. Gupta, S. Mohanty, S. Sood, B. Dhawan, B.K. Das, A. Kapil, Emerging resistance to carbapenems in a tertiary care hospital in 

 north India, Indian Journal of Medical Research, 124, 2006, 95-98. 

[24] E. Lautenbach, M. Synnestvedt, M.G. Weiner, W.B. Bilker, L. Vo, J. Schein, M. Kim, Imipenem resistance in Pseudomonas 

 aeruginosa: emergence, epidemiology, and impact on clinical and economic outcomes. Infection Control and Hospital 

 Epidemiology, 31(1), 2010, 47-53. 

[25] N. Taneja, S.M. Agharwal, M. Sharma, Imipenem resistance in nonfermentors causing nosocomial urinary tract infections, Indian 

 Journal of Medical Sciences, 57, 2003, 294-299.   

[26] R.N. Jones, M.A. Pfaller, P.C. Fuchus, K. Aldridge, S.D. Allen, E.H. Gerlach,. Piperacillin/tazobactam (YTR 830) combination: 

 Comparative antimicrobial activity against 5889 recent aerobic clinical isolates and 60 Bacteroides fragilis group strains. 

 Diagnostic Microbiology and Infectious Disease, 12, 1989, 489-494. 

[27] P.G. Higgins, A.C. Fluit, D. Milatovic, J. Verhoef, F.J. Schimitz, Antimicrobial susceptibility of imipenem resistant Pseudomonas 

 aeruginosa. Journal of  Antimicrobial Chemotherapy, 50, 2002, 299-307. 

[28] Q.Z. Beg, A.M. Al-hazimi,  M.Q. Ahmed, M.F. Fazaludeen, R. Shaheen, Journal of Chemical and Pharmaceutical Research, 3(6), 

 2011, 715-724.  

[29] N. Moremi, M.F. Mushi, M. Fidelis, P. Chalya, M. Mirambo, S.E. Mshana, Predominance of multi-resistant Gram-negative 

 bacteria colonizing chronic lower limb ulcers (CLLUs) at Bugando Medical Center. BMC Research Notes, 7, 2014, 211. 

[30] R. Sharada, S. Ruban, M. Thiyageeswaran, Antibiotic Resistance Pattern Of Escherichia coli Isolated From Poultry In 

 Bangalore, The Internet Journal of Microbiology, 7(1), 2008.  

[31] H.Z. Hamdan, A.H.M. Ziad, S.K. Ali, I. Adam, Epidemiology of urinary tract infections and antibiotics sensitivity among 

 pregnant women at Khartoum North Hospital, Annals of Clinical Microbiology and Antimicrobials, 10, 2011, 2. 

[32] B. Blomberg, B.E. Olsen, S.G. Hinderaker, N. Langeland, P. Gasheka, R. Jureen, G. Kvale, T. Midtvedt, Antimicrobial resistance 

 in urinary bacterial isolates from pregnant women in rural Tanzania: implications for republic health. Scandinavian Journal of 

 Infectious Diseases, 37(4), 2005, 262-268. 

[33] S. Ananthan, A. Subha, Cefoxitin resistance mediated by loss of a porin in clinical strains of Klebsiella pneumoniae and 

 Escherichia coli, Indian Journal of Medical Microbiology, (23), 2005, 20–23. 

[34] S.T. Supriya, V.J. Suresh, A. Sarfraz, H. Umesh, Evaluation of extended spectrum beta lactamase in urinary isolates, Indian 

 Journal of Medical Research, 120(6), 2004, 553–556. 

[35] V. Gupta, N. Singla, J. Chander, Detection of ESBLs using third and fourth generation cephalosporins in double disc synergy test, 

 Indian Journal of Medical Research, 126(5), 2007, 486–487. 

[36] D.D. Wasnik, P.M. Tumane, Prevalence and antibacterial susceptibility pattern of Urinary Tract Infection Causing Human 

 Pathogenic Bacteria, Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved, 2(15), 2012. 

[37] S. Shaikh, J. Fatima, S. Shakil, S. Mohd, D. Rizvi, M.A. Kamal, Prevalence of multidrug resistant and extended spectrum beta-

 lactamase producing Pseudomonas aeruginosa in a tertiary care hospital, Saudi Journal of Biological Sciences, 22, 2015, 62-64. 

[38] H. Ejaz, A. Zafar, N. Anwar, T. A. Cheema, H. Shahzad, Prevalance of bacteria in urinary tract infections among childern, 

 Biomedica, 22, 2006. 

[39] D. Kumar, A.K. Singh, M.R. Ali, Y. Chander, Antimicrobial Susceptibility Profile of Extended Spectrum β-Lactamase (ESBL) 

 Producing Escherichia coli from Various Clinical Samples, Research and Treatment, 7, 2014, 1–8. 

[40] J.A. Khan, Z. Iqbal, L. Ali, A. Khan, Prevalence and beta-lactamase producing bacterial isolates in a teaching hospital in 

 Peshawar, Pakistan: a four year study, Pakistan Journal of Pharmaceutical Sciences, 21(4), 2008, 379-389. 

[41] M. Kibret, B. Abera, Antimicrobial susceptibility patterns of E. coli from clinical sources in northeast Ethiopia, African Health 

 Sciences, 11(1), 2011, S40-45. 

[42] M.E. Ibrahim, N.E. Bilal, M.E. Hamid, Increased multi-drug resistant Escherichia coli from hospitals in Khartoum state, Sudan, 

 African Health Sciences, 12(3), 2012, 368 – 375. 

[43] J. Patel, J. Bhatt, V. Javiya, K. Patel, Anti-microbial susceptibility patterns of Enterobacteriaceae isolated from a tertiary care 

 unit in Gujarat, The Internet Journal of Microbiology, 6(1), 2008. 

[44] I.I. Romanus, O.A. Egwu, Analysis of antibiotic susceptibility of Klebsiella pneumoniae isolated from different clinical specimen 

 in enugu state,  SENRA Academic Publishers, Burnaby, British Columbia, 5(3), 2011, 1609-1614. 

[45] I.R. Iroha,  A.E. Oji, A.E. Nwakaeze, T.E. Ayogu, F.N. Afiukwa, P.C. Ejikeugwu, C.O. Esimone, Strains of Klebsiella 

 Pneumoniae from Intensive Care Unit Producing CTX-M-15 extended spectrum beta lactamases, American Journal of 

 Microbiology 2(2), 2011, 35-39. 

[46] A. Subha, V.R. Devi, S. Ananthan, AmpC β-lactamase producing multidrug resistant strains of Klebsiella spp. & Escherichia coli 

 isolated from children under five in Chennai, Indian Journal of Medical Research, 117, 2003, 13-18. 

[47] F. Khan, A. Khan, S.U. Kazmi, Prevalence and susceptibility pattern of multi drug resistant clinical isolates of Pseudomonas 

 aeruginosa in Karachi, Pakistan Journal of Medical Sciences, 30(5), 2014, 951-954. 

[48] M.M. Mohammadi, M.M. Feizabadi, Antimicrobial resistance pattern of Gram-negative bacilli isolated from patients at ICUs of 

 Army hospitals in Iran, Iranian Journal of Microbiology, 3(1), 2011, 26-30. 

[49] A.A. Kader, A. Kumar, Prevalence and antimicrobial susceptibility of extended-spectrum β-lactamase-producing Escherichia coli 

 and Klebsiella pneumoniae in a general hospital, Annals of Saudi Medicine, 25(3), 2005, 239–242. 

[50] D.S. Burgess, R.G. Hall, J.S. Lewis, J.H. Jorgensen, J.E. Patterson, Clinical and microbiologic analysis of a hospital’s extended-

 spectrum β-lactamase-producing isolates over a 2-year period, Pharmacotherapy, 23(10), 2003, 1232-1237. 

[51] R.N. Jones, M.A. Pfaller, the MYSTIC Study Group (Europe), Antimicrobial activity against strains of and Klebsiella spp. with 

 resistance phenotypes consistent with an extended-spectrum β-lactamase in Europe, Clinical Microbiology and Infection, 9, 

 2003, 708-712. 

[52] M. Sahu, S. sanjith, P. Bhalekar, D. Keny, Waging war against extended spectrum beta-lactamases and metallo-beta-lactamases 

 producing pathogens-novel adjuvant antimicrobial agent Ceftriaxone Sulbcatam EDTA-an extended hope, Journal of Clinical and 

 Diagnostic Research, 8, 2014, 20-23.  

[53] S.V. Chitnis, V. Chitnis, N. Sharma, D.S. Chitnis, Current status of drug resistance among Gram negative bacilli isolated from 



Prevelance and Susceptibility Analysis of Gram negative pathogens 

DOI: 10.9790/3008-10345865                                            ww.iosrjournals.org                                         63 | Page 

 admitted cases in a tertiary care centre, Journal of the Association of Physicians of India, 51, 2003, 28-32. 

[54] V. Laura, C. Pezzella, F. Tosini, P. Visca, A. Petrucca, A. Carattoli, Multiple antibiotic resistance mediated by structurally related 

 IncL/M plasmids carrying an ESL gene and a Class 1 Integron, Antimicrobial Agents and chemotherapy, 44, 2000, 2911-2914. 

[55] M. Chaudhary, A. Payasi, Clinical, microbial efficacy and tolerability of Elores, a novel antibiotic adjuvant entity in ESBL 

 producing pathogens: Prospective randomized controlled clinical trial, Journal of Pharmacy Research, 7(4), 2013, 275–280.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A-Urine; B-Blood; C-Pus; D-Sputum; E-Bile; F-Swab; G-ET secretions 

Figure 1: Profile of different clinical isolates isolated from various samples 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Figure 2: Prevalence of various pathogen 
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Figure 3: Susceptibility pattern of Gram negative pathogens isolated 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4: Resistance pattern of Gram negative pathogens isolated 
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Table 2: A profile of clinical samples used as a source of the pathogenic isolates. 

Sr. No. Clinical samples Total  Number of samples 

showing growth of 

pathogens (%) 

Number of 

samples not 

showing growth of 

pathogens 

1 Urine 250 174 (47.3) 76 

2 Blood 196 133 (36) 63 

3 Pus 54 32 (8.7) 22 

4 Sputum 29 19 (5.2) 10 

5 Bile 10 4 (1.1) 6 

6 Swab 11 2 (0.54) 9 

7 ET secretion 13 4 (1.1) 9 

 Total 563 368 195 

 

 
Table 3. Prevalence of different clinical isolates in different samples. 

 

 

Samples 

No. of Isolates Clinical isolates 

Klebsiella spp. 

(n; %) 

E. coli   

(n;%) 

P. aeruginosa 

 (n;%) 

A. baumannii  

(n;%) 

Proteus spp.  

(n;%) 

Urine 174 31 (17.8) 119  (68.4) 20  (11.5) 2 (1.1) 2 (1.1) 

Blood 133 28 (21) 80  (60) 23  (17.3) 2 (1.5) 0 

Pus 32 6 (19) 18  (56.3) 6  (19) 0 2 (6.3) 

Sputum 19 8 (42) 7  (42) 4  (21) 0 0 

Bile 4 3 (75) 1  (25) 0   0 0 

Swab 2 2  (100) 0   0   0 0 

ET secretion 4 3  (75) 1  (25) 0  0 0 

 


