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INTRODUCTION 
 
Fluoroquinolones (FQs) have been widely used to treat a 
number of infections, such as gonococcal, osteomyelitis, 
respiratory and urinary tract infections. They exert their 
activity by blocking DNA replication pathway
2010). High oral bioavailability, broad spectrum coverage and 
low toxicity make them excellent drugs for the treatment of 
these infections. However, over uses of FQs in the community
is leading to resistance (Yang et al., 2010; 
2001) and thus affecting patient management  (
2010; Workwoski and Berman 2010). Resistance to FQs is 
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ABSTRACT 

This study was carried out to know the prevalence of aminoglycoside and quinolone
among the collected isolates and to analyze the antibiotic susceptiblity patterns of various drugs
against these isolates to find which drug offers the best solution against multidrug resistant Gram 
negative pathogens. Total 1824 clinical samples were collected from patients suspected of bacterial 
infection between March 2013 to May 2014. These samples were subjected for bacterial 
identification. The prevalence of aminoglycoside and fluoroquinolone among these isolates and 
antibiotic susceptibility testing were carried out according to the recommendations of 
Laboratory Standards Institute (CLSI) guidelines. Among the samples analyzed, 82.2 % (1499/1824) 
samples showed the growth of organisms of which 22 % (400/1824) were Gram positive an
(1099/1824) were Gram negative and included in this study. Further analysis of Gram negative 
organisms revealed that  46.7% (513/1099) were aminoglycoside and 53.3% (586/1099) were 
quinolone resistant. Among Gram negative organisms that identified
aeruginosa (n=230), Acinetobacter species (n=217) K. pneumoniae 

Citrobacter species (n=91). Of the drugs tested, cefepime plus amkacin (Potentox) showed the 
highest activity against quinolone and aminoglycoside resistant Gram negative organisms with 
average susceptibility of >86% against all pathogens. Resistance to cefepime was 55%
tobramycin 20.8%-70.2%, to gentamycin 40%-65.6%, to levofloxacin 32.9%
40.1%-47.7%, to ofloxacin 29.9%-48.6%, to imipenem plus cilastatin 30%
52.3%-75.7%, to ceftazidime 50.3%-60%, to azithromycin 40.5%
79.7% among all isolated Gram negative bacterial pathogens. In conclusion
strongly suggest the superiority of Potentox over other drugs and can be of effective alternative to 
treat infections caused by multi drug resistant Gram negative bacteria.
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Aminoglycosides are also potent, broad spectrum antibiotics 
and have been used for the treatment of numerous life 
threatening Gram negative bacterial infections. They exert 
their antibacterial activity by inhibiting protein synthesis via 
binding to the 16S rRNA and by disrupting the bacterial cell 
membrane integrity (Shakil et al., 2008). However, over the 
past few years, the emergence of resistant strains of 
Pseudomonas species, E. coli, Klebsiella species, 
Acinetobacter species has reduced the potential of 
aminoglycosides in empiric therapies (Gad et al., 2011; 
Randhawa et al., 2004; Shahid and Malik, 2005). There are a 
number of aminoglycoside resistance mechanisms that include 
reduced uptake or decreased cell permeability (Wang et al., 
2003), alteration of the ribosomal binding site by rRNA 
methylases (Galimand et al., 2012; Doi and Arakawa, 2007), 
overexpression of efflux pump (Poole, 2004) and production of 
aminoglycoside-modifying enzymes (AMEs) (Kim et al., 
2009; Miró et al., 2013). In Gram negative organisms, 
resistance to aminoglycosides such as amikacin, tobramycin 
and gentamycin has been reported to vary from 32.6% to 
83.6% (Shahid and malik 2005).  
 
In recent years, third, even forth generations of cephalosporin 
and other known effective broad-spectrum antibiotics are now 
being threatened by antibiotic resistance (Dua et al., 2011). 
Besides extended spectrum beta-lactamases (ESBLs) 
resistance, resistance to quinolones and aminoglycosides is 
emerging fast and is difficult to recognize. Cefepime is 
commonly used in combination with an aminoglycosides for 
empirical therapy in the intensive care unit (ICU) for Gram-
negative organisms particularly P. aeruginosa infections in 
critical care settings (Kollef 2003).  In view of increasing 
incidence of antibiotic resistance to Gram-negative pathogens 
and failure of monotherapy, a combination therapy may be the 
only notable therapeutic approach to treat these infections 
caused by Gram negative antibiotic resistant organisms 
(Hughes et al., 1997). The combination of aminoglycosides 
with beta-lactams has been documented to be synergistic (Sanz 
et al., 2002). Increasing resistance to FQs and aminoglycosides 
encouraged us to study various drugs in order to find possible 
solution which could control resistance. The present study was 
conducted to find the prevalence of aminoglycoside and 
fluoroquinolone resistance among Gram negative pathogens 
and to evaluate the antibiotic susceptibility patterns of various 
drugs against these pathogens.  
 

MATERIALS AND METHODS 
 
Sample collection 
 

A total of 1824 clinical samples of blood, sputum, urine, 
catheter tips and body fluids were collected from various 
hospitals between March 2013 to May 2014. The collection 
and processing of the samples were done according to a 
common standard operating procedure (SOP).  
 

Isolation and identification of pathogens 
 

All the samples were collected aseptically in sterile containers. 
Urine samples collected in sterile universal container and were 
directly inoculated onto the cystine lactose electrolyte deficient 
(CLED) medium.  

Other specimens involving body fluids, sputum and catheter 
tips collected in sufficient amount and were inoculated on the 
different non-selective and selective culture media as per the 
standard microbiological techniques. 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 non-selective and selective culture 
media. The organisms were identified on the basis of colony 
morphology, Gram staining, motility, and biochemical 
reactions (Cheesbrough, 2000; Nayar et al., 2014; Bahashwan 
and Shafey, 2013).  
 
Aminoglycoside and fluoroquinolone resistance detection 
 
Fluoroquinolone resistant isolates were identified using 
norfloxacin 10 μg disc according to CLSI (2013). 
Aminoglycoside resistance was detected following the method 
described by Murdoch et al. (2003). A zone size of 6 mm in 
diameter indicated high-level resistance, and  10 mm indicated 
susceptibility. Zone diameters of 7 to 10 mm in diameter were 
considered intermediate. 
 

Drugs 
 

Antimicrobial susceptibility testing was done by Kirby–Bauer 
disk diffusion method as recommended by the Clinical 
Laboratory Standards Institute (CLSI) guidelines (2013). The 
discs of following drugs gentamicin (10 μg), amikacin (30 μg), 
tobramycin (10 μg), levofloxacin (5 μg), ofloxacin (5 μg), 
moxifloxacin (5 μg), ciprofloxacin (5 μg), imipenem plus 
cilastatin (10 μg), ceftazidime (30 μg), cefepime (10 μg), 
azithromycin (15 μg) and fixed dose combination (FDC) of 
cefepime + amikacin (Potentox) (40 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 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 was 
reported as sensitive (S) or resistant (R) based on the 
breakpoints. 
 

RESULTS AND DISCUSSION  
 

A total of 1824 clinical sample were collected from urine, 
blood, body fluids, catheter tips and sputum and processed for 
isolation of pathogenic bacteria. Out of the total samples 
analyzed, 1099 samples showed the growth of Gram negative 
organisms and 400 samples were of Gram positive pathogens 
(not included in this study) while 325 samples showed no 
growth of organisms.  
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Further analysis of Gram negative pathogens revealed that 46.7 
% (513/1099) and 53.3 % (586/1099) pathogens were 
aminoglycoside and fluoroquinolone resistant, respectively 
(Table 1). Among the Gram negative samples showing growth, 
around 35.0 % samples were of urine followed by blood 
(23.6%), body fluids (19.0 %) and catheter tips (13.6%) and 
sputum (8.6 %) (Table 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Morphological and biochemical characterization of the Gram 
negative samples (n=1099) revealed presence of 6 different 
Gram-negative organisms that includes Acinetobacter species, 
E. coli, P. aeruginosa, K. pneumoniae, Citrobacter species and 
Proteus species. The detailed profile of various organisms 
collected from various clinical samples is shown in Table 2.  

As shown in Table 3, E. coli (27.5%) was found to be the most 
dominant pathogens which was comparable to previous study 
of Rajan and Prabhavathy (2012) where 34.8% prevalence of 
E. coli was reported. In another study, Shafiyabi et al. (2014) 
have also reported the prevalence of E. coli to be 39.6%. In our 
study, Acinetobacter species, P. aeruginosa, K. pneumoniae, 
Proteus species and Citrobacter species contributed 19.7%,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20.9%, 13.6%, 10% and 8.3%, respectively to the isolated pool 
of pathogens. Bahadade et al. (2013) obtained 24.9% 
Acinetobacter isolates from various clinical specimens. In the 
current study prevalence rate of P. aeruginosa was 20.9% 
which corroborates with previous studies where its prevalence 
was 10.5 to 30 % (Mehta et al., 2001; Mohanasoundarm, 
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Table 1.  A profile of pathogens isolated from specimens 
 

Clinical 
samples 

Total clinical 
samples 

Samples not 
showing 
growth 

Samples showing 
growth of Gram 

positive organisms 

Samples showing growth 
of Gram negative 

organisms (%) 

Prevalence of 
aminoglycoside 

resistance among Gram 
negative organisms 

Prevalence of 
fluoroquinolone resistance 

among Gram positive 
organisms 

Urine  595 105 105 385 (35.0) 170 215 
Blood 478 98 120 260 (23.6) 128 132 
Body fluids 295 41 45 209 (19) 96 113 
Catheter tips 273 26 97 150 (13.6) 83 67 
Sputum 183 55 33 95 (8.6) 36 59 
Total 1824 325 400 1099 513 586 

 
Table 2. Prevalence of Gram negative clinical isolates in samples showing aminoglycoside and quinolone resistance 

 

Clinical 
samples 

Samples showing growth of 
Gram negative pathogens 

Acinetobacter 
species 

E. coli P. aeruginosa K. pneumoniae Citrobacter 
species 

Proteus species 

Urine 385 78 98 83 66 27 33 
Blood 260 58 79 55 28 18 22 

Body fluids 209 33 64 41 21 20 30 
Catheter tips 150 29 35 31 25 17 13 

Sputum 95 19 26 20 10 9 11 
Total (%) 1099 217 (19.7) 302 (27.5) 230 (20.9) 150 (13.6) 91 (8.3) 109 (10) 

 

 
 

Figure 1. Antibiogram showing percentage susceptibility against aminoglycoside and fluoroquinolone resistant Gram negative pathogens 
 

 
 

Figure 2. Antibiogram showing percentage resistance against aminoglycoside and fluoroquinolone resistant Gram negative pathogens 



2011). Our data demonstrated 13.6 % K. pneumoniae which is 
in accordance with the results of Kumar and Kalpana (2013) 
where they noted prevalence of K. pneumoniae to be 14.5%. 
Frequency of isolation of pathogenic organisms from various 
specimens is depicted in Table 2. Antibiogram profile of all 
Gram negative pathogens recovered from clinical samples is 
shown in Figures 1 and 2. In this study, Potentox appeared as 
most efficacious agent with susceptibility rate 89.9, 86.6, 88, 
89, 91.2 and 91.7 % to E. coli, P. aeruginosa, A. baumannii,    
K. pneumoniae, Citrobacter species and Proteus species 
respectively, which was high compared to other tested drugs. 
Potentox synergistically is reported of having protein kinase 
inhibitor activity to inhibit the aminoglycoside modification 
through ATP-dependent O-phosphorylation, catalysed by 
aminoglycoside kinases particularly aminoglycoside 
phosphotransferases (Aphs). Its antibacterial activity has also 
been proved in animal model (Chaudhary et al., 2011; Dwivedi 
et al., 2009).  
 
A very high level of resistance to monotherapies were 
observed where cefepime was 55%-74%, tobramycin 20.8%-
70.2%, gentamycin 40%-65.6%, levofloxacin 32.9%-62.4%, 
moxifloxacin 40.1%-47.7%, ofloxacin 29.9%-48.6%, 
imipenem plus cilastatin 30%-60%, ciprofloxacin 52.3%-
75.7%, ceftazidime 50.3%-60%, azithromycin 40.5%-86%, 
and amikacin 40.4%-79.7% among all isolated Gram negative 
bacterial pathogens. Potentox (cefepime+amikacin) showed 
very low resistance (8.2%-13.4%) among all Gram-negative 
pathogens (Figure 2). Khalili et al. (2012) observed the 
resistance rate of Gram- negative bacilli to cefepime 60, 67.9, 
37.9 and 50% in 2007, 2008, 2009 and 2010, respectively in 
Iran.  Other studies observed 51 to 84 % resistance to cefepime 
in Gram-negative organisms (Jazani et al., 2010; De Macedo 
and Santos, 2005). A similar study performed by Aliakbarzade 
et al. (2014) reported that Acinetobacter spp. showed 
differential resistance pattern to aminoglycosides i.e. 
gentamicin (86%), tobramycin (63%) and amikacin (81%). 
Resistance to gentamicin and ciprofloxacin against E. coli 
observed in this study was comparable to a study by Yismav et 
al. (2010). Rajat et al. (2012) reported that P. aeruginosa 
isolated from various samples are resistant to tobramycin 
(68%) followed by gentamycin (63%), ciprofloxacin (49%) 
and ceftazidime (43%). Mandal et al. (2010) also showed that 
44.5% of Pseudomonas spp. isolates were found to be resistant 
to ceftazidime which is similar to that reported in the current 
study where 50.3% P. aeruginosa isolates were resistant to 
ceftazidime. In our study when the activity of 
cefepime/amikacin (Potentox) was compared with that of 
eleven other antibiotics including cefepime and amikacin 
alone, the susceptibility for all pathogens were significantly 
higher for Potentox.  
 
Conclusion 
 
The bacterial susceptibility and resistance profile of all isolates 
in this study have shown that Potentox remain the most 
effective drugs against Gram negative pathogens, suggesting 
that use of it 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. 
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