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ABSTRACT 

 
The fluoroquinolones are synthetic compounds with greater potency and a broader antimicrobial activity than their quinolone 
precursor, nalidixic acid, which is used only as urinary antiseptic. Susceptibility tests of  345 strains, belonging to 9 species of Gram 

negative uropathogens against quinolones, were carried out by disc diffusion method. This comprised Escherichia coli (270 strains), 

Klebsiella pneumoniae (51), K. ozaenae (03), Proteus mirabilis (05), Pseudomonas aeruginosa (10), Salmonella typhi (01), S. 
paratyphi A (02), S. paratyphi B (01) and Serratia marcescens (02). The highest rate of resistance was recorded against ciprofloxacin 

and nalidixic acid i.e. each 6.1% (21/345) followed by ofloxacin (4.3%, 15/345) and norfloxacin (0.3%, 1/345). Continued 

surveillance is required to prevent the future spread of these resistancet strains. 
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INTRODUCTION 

 

The fluoroquinolones has become increasingly popular class of antibiotics and is bactericidal against a variety 

of bacteria including both Gram positive and Gram negative. Examples of fluoroquinolones include ciprofloxacin, 

ofloxacin, levofloxacin and norfloxacin (Scholar and Pratt, 2000). Their mode of action is inhibition of bacterial 

DNA synthesis (Drlica and Zhao, 1997; Nester et al., 2004). Fluoroquinolones have also been reported to affect 

cytokine production in vitro (Ogino et al., 2009). The fluoroquinolones are superior to nalidixic acid in their activity 

against bacterial urinary pathogens, therefore, are used for the treatment of uncomplicated urinary tract infections 

(UTIs). These are the drug of choice for the treatment of UTIs caused by organisms resistant to beta-lactams. These 

are also used to treat complicated UTIs caused by multi-drug resistant Gram negative bacteria (Scholar and Pratt, 

2000).  

The antibiotics of this group used in the present study were ciprofloxacin, ofloxacin and norfloxacin. 

Ciprofloxacin is a broad spectrum antibiotic. This drug is also compatible with breast feeding. The major side effect 

of using ciprofloxacin is gastrointestinal irritation (Scholar and Pratt, 2000). It is also known to cause swelling of 

joints and cartilage and cause tendon rupture and chronic pain. It is used for the treatment of UTIs, lower respiratory 

tract infections, septicemias and Legionellosis. It is contraindicated in children, during pregnancy and in patients 

with epilepsy (Hilliard et al., 1995).  

Ofloxacin achieves good concentration in genitourinary tract tissues and fluids. It demonstrates consistent 

efficacy, achieving bacterial response rates of 80% in uncomplicated and 70% in complicated UTIs. The most 

commonly reported adverse effects with ofloxacin are gastrointestinal, neurological and dermatological 

disturbances. It was associated with lower incidence of photosensitivity and tendonitis and higher incidence of some 

neurological events than some other fluoroquinolones. Ofloxacin is also used to treat community acquired 

pneumonia, gastroenteritis, traveler’s diarrhea, veneral diseases and osteomyelitis (Scholar and Pratt, 2000). 

Norfloxacin, a broad spectrum antibiotic of fluoroquinolones group, is usually prescribed for the treatment of 

UTIs (Wajeeha et al., 2006). It is also sometimes used to treat stomach infections (Goldstein, 1987). The use of 

norfloxacin is limited to infections of the gastrointestinal tract. It plays a key role in the prophylaxis of spontaneous 

bacterial peritonitis in the cirrhotic patients. However, there are few reports of probable norfloxacin-induced liver 

toxicity. Although the incidence of hepatic toxicity is low and norfloxacin has been used successfully in existing 

impairment (Lucena et al., 1998). 

The quinolones are the family of broad spectrum antibiotics. One of the attractive features of the quinolones is 

the ability to kill bacteria rapidly, an ability that differs widely among the various derivatives. The intracellular 

targets of quinolones are two DNA topoisomerases; gyrase and topoisomerase IV. Gyrase tends to be the primary 

target in Gram negative bacteria, while topoisomerase IV is preferentially inhibited by most quinolones in Gram 

positive organisms (Drlica et al., 2009). The nalidixic acid is the member of this group. It is more effective against 
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Gram negative bacteria than Gram positive. The strains of E. coli, Klebsiella, Enterobacter, Proteus, Providencia, 

Pasturella, Salmonella and Shigella are susceptible to it (Scholar and Pratt, 2000). 

 

MATERIALS AND METHODS 

 

Bacterial isolates: 

A total of 345 Gram negative uropathogens isolated from community acquired UTIs in females were used to 

determine their resistance/susceptiblity pattern against fluoroquinolones (ciprofloxacin, ofloxacin and norfloxacin) 

and quinolones (nalidixic acid). The microbial strains comprised Escherichia coli (270 strains), Klebsiella 

pneumoniae (51), K. ozaenae (03), Proteus mirabilis (05), Pseudomonas aeruginosa (10), Salmonella typhi (01), S. 

paratyphi A (02), S. paratyphi B (01) and Serratia marcescens (02). 

 

Determination of antimicrobial susceptibility: 

Antimicrobial susceptibility testing was performed using disc diffusion method as described by National 

Committee for Clinical Laboratory Standards (Presently called as Clinical Laboratory Standars institute) 

(Cheesbrough, 2000). 

 

Media: 

Mueller Hinton Agar (MHA) (Merck) was employed for determination of antimicrobial susceptibility test and 

Mueller Hinton Broth (MHB) (Merck) was used for preparation of inoculum. 

 

Antibiotic discs: 

Different antibiotic discs of ciprofloxacin, ofloxacin, norfloxacin and nalidixic acid were used for microbial 

susceptibility / resistance (Table 1). 

 

Preparation of turbidity standard: 

McFarland Nephlometer Standard tuber number 0.5 was used to standardize the turbidity of test inoculum 

(Sonnenwirth and Jerett, 1980; Baron et al., 1994). 

 

Preparation of inoculum: 

A loopful of pure culture of organisms was transferred to 5ml MHB. The broth was incubated at 35-37
o
C for 

18-24 hours. After incubation, the turbidity of the culture was compared with 0.5 McFarland Nephlometer Standard 

to get approximate cell density 150 x 10
6
 CFU/ml. 

 

Inoculation of medium: 

A sterile cotton swab was immersed into the standardized inoculum suspension. Then it was streaked evenly on 

the surface of MHA plate. 

 

Disc placement: 

Antibiotic susceptibility discs were placed on the surface of inoculated MHA plates by using a sterile forcep. 

 

Incubation: 

Plates were incubated at 35-37
o
C for 18-24 hours. 

 

Interpretation: 

Inhibition zone diameters (including diameter of disc) were measured with a ruler. The susceptibility or 

resistance was interpreted on the basis of criteria mentioned in Table 1.  

 

RESULTS AND DISCUSSION 

 

Because of the increasing resistance to fluoroquinolones, the use of fluoroquinolones as first line therapy for the 

treatment of uncomplicated UTI is discouraged except in patients who can not tolerate sulfonamides or trimethoprim 

or who have a high frequency of antibiotic resistance because of recent antibiotic treatment or who reside in area in 

which significant resistance to trimethoprim-sulfamethoxazole has been noted (Orenstein and Wong, 1999; Nester et 

al., 2004). The antibiotics used for the study were ciprofloxacin, ofloxacin, norfloxacin and nalidixic acid. Results of 

the resistance rates of Gram negative uropathogens are shown in Table 2.  
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Among tested fluoroquinolones, norfloxacin was found most effective antibiotic. Only 0.4% (1/270) isolates of 

E. coli were found resistant to this antibiotic. As far as ciprofloxacin is concerned, 20% (2/10) isolates of P. 

aeruginosa, 20% (1/5) of P. mirabilis, 5.9% (3/51) of K. pneumoniae and 5.6% (15/270) isolates of E. coli were 

resistant to this antibiotic. Ofloxacin was also found effective, such that 40% (2/5) P. mirabilis, 30% (3/10) of P. 

aeruginosa, 3.3% (9/270) of E. coli, and 2% (1/51) isolates of K. pneumoniae were resistant to ofloxacin. In case of 

nalidixic acid, 30% (3/10) isolates of P. aeruginosa, 20% (1/5) of P. mirabilis, 5.6% (15/270) of E. coli and 3.9% 

(2/51) isolates of K. pneumoniae were found resistant. 

Ciprofloxacin is the most frequently prescribed fluoroquinolones to UTIs because of its availability in oral and 

intravenous formulations (Warren et al., 1997). In the present study, 5.6% isolates of E. coli were resistant to 

ciprofloxacin. These results are in fair correlation with some previous studies who reported low resistance rates of E. 

coli to ciprofloxacin, such as, 1.03% (Perfetto et al., 2004), 4.5% (Stratchounski and Rafalski, 2006), 8.7% (Kahan,  

2006), 9.3% (Bean et al., 2008) and 9.5% (Karlowsky et al., 2003). However, many studies worldwide have also 

reported a sharp increase in ciprofloxacin resistant E. coli isolates from UTIs. For example in Bangladesh the 

resistance to ciprofloxacin was recorded as 26% (Gupta et al., 2001) and 11.5% (Bhowmick and Rashid, 2004), in 

Spain 23.9% (Andreu and Planell, 2008) and 22.7% (Garcia et al., 2007), in Korea 23.4% (Kim et al., 2008) and in 

Pakistan 10% (Memon, 2007). In another study carried out by Kumar and Dass (2004), 38% E. coli isolated from 

hospitalized patients were resistant to ciprofloxacin while 32% E. coli were from out patients. In this connection 

Kawlowskey et al., (2002) demonstrated an increased resistance to ciprofloxacin from 1995 (0.7%) to 2001 (2.5%). 

In the present study, the resistant rates of E. coli were 3.3% and 0.4% to ofloxacin and norfloxacin respectively. 

These resistant rates were low as compared to other studies. For instance, Sotto et al., (2007) and Meomon (2007) 

recorded 5% resistance to ofloxacin, and Goettsch et al., (2000) noted incresea in resistance to norfloxacin in E. coli 

from 1.3% in 1989 to 5.8% in 1998. 

 

Table 1: Criteria for the interpretation of antibiotic susceptibility/resistance. 

Antibiotics  Disc code Potency        Inhibition zone diameters (mm) 

    (µg)   Resistant  Intermediate  Sensitive 

Ciprofloxacin CP       05       ≤ 15     16-20     ≥ 21 

Ofloxacin  OF       05       ≤ 12     13-15     ≥ 16 

Norfloxacin  NR       10       ≤ 12     13-16     ≥ 17 

Nalidixic acid NA      30       ≤ 13     14-18     ≥ 19 

 

Table 2: Antimicrobial resistance patterns of uropathogens. 

 

Organisms  No. of isolates   Percentage of isolates resistant to 

          CP   OF   NR   NA 

E. coli    270     5.6 (15)  3.3 (9)  0.4 (1)  5.6 (15) 

K. pneumoniae    51     5.9 (3)  2.0 (1)     0 (0)  3.9 (2) 

K. ozaenae     03     0 (0)     0 (0)     0 (0)     0 (0) 

P. mirabilis     05     20 (1)   40 (2)     0 (0)   20 (1) 

P. aeruginosa  10      20 (2)   30 (3)     0 (0)   30 (3) 

S. typhi      01        0 (0)     0 (0)     0 (0)     0 (0) 

S. paratyphi A  02        0 (0)     0 (0)     0 (0)     0 (0) 

S. paratyphi B  01        0 (0)     0 (0)     0 (0)     0 (0) 

S. marcescens  02        0 (0)     0 (0)     0 (0)     0 (0) 

 Total   345     6.1 (21)  4.3 (15)  0.3 (1)  6.1 (21) 

Figures in parenthesis are number of isolates. 

CP = Ciprofloxacin, OF = Ofloxacin,    NR = Norfloxacin,    NA = Nalidixic acid 

 

In the present study, the prevalence of nalidixic acid resistant E. coli was 5.6%. This level of resistance is quite 

low than the resistance reported in a previous study i.e. 40% (Bhowmick and Rashid, 2004).   

As far as Klebsiella species are concerned, Low level of resistance against fluoroquinolones viz., ofloxacin, 

ciprofloxacin and norfloxacin; was observed in the present study. All isolates of K. ozaenae were found susceptible 

to fluoroquinolones while only 2.2% and 5.9% isolates of K. pneumoniae were resistant to ofloxacin, and 

ciprofloxacin respectively. In contrary to the present findings, in a previous study (Nwanze et al., 2007) 53% and 

6% isolates of K. pneumoniae were found to be resistant to ciprofloxacin and ofloxacin, respectively. Similarly 
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Hasan et al. (2007) reported 62.8% resistance to ciprofloxacin and norfloxacin against Klebsiella species. 

Furthermore, relatively high level of resistance was recorded by Magalit et al. (2004). The rate of resistance against 

K. pneumoniae isolated from community acquired UTIs was 75% to both ofloxacin and ciprofloxacin, while, it was 

80% and 100% to ofloxacin and ciprofloxacin, respectively. 

The antibiotic resistance pattern observed in the present study revealed that resistance rates of K. pneumoniae to 

nalidixic acid was 3.9% while all isolates of K. ozaenae were sensitive to it. These results are contradictory to a 

study carried out by Nwanze et al. (2007) who reported that 94% isolates of K. pneumoniae were nalidixic acid-

resistant. 

Trends of increase of antibiotic resistance in uropathogens and dissemination of their resistant strains have 

necessitated continued monitoring of antibiotic resistance in uropathogens. 
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