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ABSTRACT 

Fluoroquinolones (FQs) have become agents of therapeutic interest 

since it is one of the few anti-infective treatment options in many 

regions. This study examines trends in the activities of the FQs to some 

Urinary Tract Infection (UTI) pathogens with multi-drug resistances 

that are often difficult to treat; so as to identify the changing pattern in 

pathogen’s infectivity or susceptibilities to FQs, investigate multi-FQs 

resistance patterns and the inter-activity relations of the FQs. Of the 

1590 UTI pathogens isolated between 2005 and 2009, Klebsiella spp, 

Proteus spp and Pseudomonas spp accounted for 10%, 4.7% and 3.0% 

respectively; making them to rank third, fourth and fifth most 

infectious UTI pathogens in the region. The susceptibilities changes 

(decrease) of UTI Klebsiella spp with ciprofloxacin, ofloxacin, 

pefloxacin, and nalidixic acid were 7.6%, 4.3%, 11.5% and 19.7% 

respectively. The activities of ofloxacin was significantly higher  

(P<0.05) than ciprofloxacin in pefloxacin-resistant Klebsiella. A 37.5% decrease in 

ciprofloxacin activities against Proteus spp were recorded but pefloxacin activities 

appreciated by 11.5% during the 5 year periods. Ciprofloxacin and ofloxacin recorded 

uniform activities of 58.9% each against nalidixic acid-resistant Proteus UTI isolates. The 

susceptibility of Pseudomonas increased from 20% in 2005 to 75% in 2009. Resistance rates 

to three and four quinolones were respectively 18.9% and 11.3% for Klebsiella; 31.7% and 
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20.8% for Pseudomonas but 10.8% each for Proteus spp. Resistances to Pseudomonas, 

Proteus and Klesiella spp have exceeded 20% and newer agents may be required to treat 

some cases because multi-FQs resistant pathogenic isolates are on the increase. 

KEY WORDS: Urinary Tract Infections, Pseudomonas UTI, Nalidixic acid-resistant 

Klebsiella,  co-quinolone resistance,  fluoroquinolone, ciprofloxacin. 

 
INTRODUCTION 

Urinary tract infections (UTIs) are common conditions that affect both outpatients and 

inpatients. The clinical signs and symptoms could include burning sensation during urination, 

frequent or intense urges to urinate, backaches, lower abdomen pain, fever or chill, and 

cloudy, dark, bloody, or unusual-smelling urine. 

 
The global prevalence of the disease was put that 150 million cases per year (Stamm and 

Norby, 2001). In America alone, about eight million cases necessitated visits to physician 

(Warren et al, 1999) while1.5 million and 0.3 million cases are respectively attributed to 

emergency room visits and hospital admission annually  with about 3.5 billion dollar cost 

annually (Foxman, 2003; Litwin et al., 2005).   

 
Many factors including age, sex, cultures, sexual hygiene, obstruction of the urinary tract, 

toilet wiping method, use of irritant soap, vagina deodorant and contraceptives are reported to 

predispose to UTI but the involvement of pathogens like Proteus mirabilis, Pseudomonas 

aeruginosa and Klebsiella pneumonia have a high preponderance for catheter use (Chang et 

al., 1990; Jarvis and Martone, 1992; Hootan, 2001). In addition, UTI caused by these 

pathogens vary slightly between outpatients and Inpatients. For instance, Pseudomonas UTI 

accounted for 0-4% and 1-11% cases in out-patient and inpatients respectively while the 

corresponding values for UTI was determined to range 6-12% versus 6-15% for Klebsiella  

and 4-6% versus 4-8% for Proteus (Neal, 2011). Many medical conditions such as diabetes, 

sickle cell anemia, neurogenic bladder, urinary tract abnormalities and kidney stones can put 

individuals at risk for urinary tract infections (UMMC, 2013) and as opportunistic pathogens, 

they may also attack hospitalized immune-compromised patients or patient with severe 

underlying diseases like diabetes mellitus or chronic pulmonary obstruction (Podschun and 

Ullmann, 1998). But generally, It is estimated that Klebsiella spp cause 8% of all nosocomial 

bacterial infections in the United States and in Europe (Podschun and Ullmann, 1998) and is 

ranked as the eighth most important infectious pathogens in hospitals in the United States.  
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Depending on site of isolates and infection, many virulence factors may be associated with 

many pathogens. The virulence of Pseudomonas aeruginosa isolated from several sites are 

multifactorial and can include cell associated factors like alginate, lipopolysaccharide,  

flagellum, pilus and non-pilusadhesins and/or exoenzymes or secretory virulence factors like 

protease, elastase, phopholipase, pyocyanin, exotoxin A, exoenzyme S, hemolysins 

(rhamnolipids) and siderophores (Zulianello et al., 2006; Veesenmeyer et al., 2009). In 

particular, elastase, protease are reported in P.aeruginosa associated UTI (Woods et al., 

1986) while Proteus spp can cause urease production which it hydrolysis to ammonia to form 

alkaline urine for its environmental survival and together with the fimbriae can lead to upper 

urinary tract infections (Struble, 2013). 

 
The defects in the anatomical structures, vesicouretic reflux, obstruction, surgery, metabolic 

diseases like diabetes mellitus and immunosuppression in patient of organ transplant are 

predisposing factors associated with complicated UTI (Leone et al., 2003). However P. 

aeruginosa may account for about 10% of all hospital-acquired infections, particularly 

pneumonia, urinary tract infections, surgical wound infections and bloodstream infections. 

Urinary tract infections can cause serious medical conditions that may affect the function of 

the kidney or cause irreparable damage to the kidneys (Curtis, 2013).  

Although most UTIs may be associated majorly with Escherichia coli but klebsiella 

associated UTIs always result to complicated cases and can be resistant to many antibiotics 

and thereby requiring specialized treatment (Curtis, 2013). Klebsiella pathogen may get to the 

urinary tract system from the intestinal tract where the bacteria multiply to cause pain and 

irritation (Curtis, 2013).  

 
Although the genus Klebsiella bacteria are widely distributed in nature with habitat in the 

soil, water and as well as part of the normal flora of the intestinal tract, but some Klebsiella 

spp, especially strains of the species Klebsiella pneumoniae, are opportunistic pathogens that 

can cause pneumonia, urinary tract infections, and bacteremia. There is however as increase 

in Klebsiella infections, especially in hospitals and due to multiple-antibiotic resistant strains. 

Klebsiella is the cause of about 10% of urinary tract infections in humans.  

The strain is resistant to many antibiotics, including ampicillin, ticarcillin, trimethoprim-

sulfamethoxazole, and gentamicin, but is susceptible to amikacin, ciprofloxacin, and 

imipenem. 

 



www.wjpr.net                         

 

 

1241 

 

Ohieku et al.                                                       World Journal of Pharmaceutical Research 

Pathogenic bacteria get to the urinary tract through many ways including regular sexual 

intercourse and anal routes owing to the proximity of the urethra to anal region. However, 

pregnant women are more susceptible to kidney infection because as the uterus enlarges it 

compresses the ureters and bladder. This causes urine to back up into the kidney, increasing 

the risk of bacterial infection (UMMC, 2013). 

 
Although Klebsiella pathogenicity factors such as capsules or lipopolysaccharides could be 

gainfully worked upon to develop vaccination against that may serve as immunological 

infection control measures, but antibiotics use still remain the mainstay in the chemotherapy 

of most pathogenic bacteria including Klebsiella species. However previous studies of 

pathogenic bacteria from various infectious sites have demonstrated widespread of 

resistances to several anti-bacterial agents making the fluoroquinolones as one of the few 

treatment options in the region. But resistance to fluoroquinolones has been on the increasing 

trends in many regions since their introduction for UTI treatment. Many regions have 

recorded high resistances of pathogens to the fluoroquinolones. For instance, the incidence of 

pathogen’s resistance to ciprofloxacin in China increased by about 13% within a span of 5 

years (Shao, 2003) while higher values were obtained in places like Spain (14%) and 

Bangladesh (26.0%) (Iqbal et al., 1997; Kahlmeter, 2003). Fluoroquinolones are widely 

prescribed by physicians on one hand since they are one of the today’s effective classes of 

agents and widely misuse through self medication by patients on the other hand since patients 

have an unlimited or uncontrolled access to them in many regions. In this present study, 

survey of trends in the resistances of pathogen to the fluoroquinolones class of drug was 

made so as to guide clinical decision making in terms of their empiric choices as well as to 

provide clinical information for local policy formulations in respect to utilization for UTIs or 

other infections in the region.  

 
AIMS AND OBJECTIVES 

The study was aimed at investigating trends in urinary tract infection caused by 

Pseudomonas, Klebsiella and Proteus spp, the changing patterns of the activities of the 

fluoroquinolones against these UTI pathogens and to investigate the inter-activity relations of 

the fluoroquinolones from 2005 to 2009. 
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MATERIALS AND METHOD 

Sampling 

1590 cases of urinary tract infections comprising 785 males and 805 females aged below 

1year to 95 years were assessed between January 2005 and December 2009 in individuals 

suspected to have UTI following the presented clinical signs/symptoms and confirmed with 

microbiological assay their urine specimens. 

 
Urine culture and Sensitivity Assay 

Midstream urine samples were obtained from patients with suspected urinary tract infection 

into clean urine specimen bottles previously sterilized. Urine samples were cultured in Eosin-

Methylene-Blue Agar (EMB) and incubated at 37oC for 48 hours. Pathogens were isolated 

and identified using gram staining, morphology and biochemical characters. Only samples 

with CFU greater than 105 /milliliter were considered to be significant bacteruria as 

determined by the Laboratory medical microbiologist. Antimicrobial sensitivities were 

performed with nalidixic acid and fluoroquinolones agents like norfloxacin, pefloxacin, 

ciprofloxacin and ofloxacin using the Kirby Bauer Disc Diffusion Method in accordance with 

the Clinical Laboratory Standards Institute (CLSI).  

 
Statistical analysis 

Chi square was performed to determine the level of significant difference between the 

activities of two or more agents at P<0.05 significant values. Mean values and standard 

deviation were determined using Microsoft Excel. 

 
RESULTS AND DISCUSSION 

Age and gender distribution of patients 

Table 1: Age and gender distribution of patient with UTI caused by Klebsiella, Proteus 

and Pseudomonas spp 

Age Range 

 (Yrs) 

Klebsiella spp Pseudomonas spp Proteus spp   Total  

   (%) male female male female male female 

0.01-10.0 17 12 2 2 10 0 43 (15.3) 

10.01-20.0 8 8 5 5 2 5 33(11.70 

20.01-30.0 18 20 4 5 6 7 60 (21.4) 

30.01-40.0 7 19 3 2 6 4 41(14.6) 
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40.01-50.0 8 7 1 0 8 3 27 (9.6) 

50.01-60.0 8 3 1 0 7 1 20 (7.1) 

60.01-70.0 12 1 13 1 8 2 37 (13.2) 

70.01-80.0 8 1 2 1 2 2 16 (5.7) 

80.01-90.0 2 0 1 0 1 0 4 (1.4) 

Total  (%) 88(52.2) 71(44.8) 32(66.7) 16(33.3) 50(67.6) 24 (32.4)    281  

  (100) overall Total      159 (56.6%)        48 (17.1%)       74 (26.3%) 

 

The frequency distribution of age of the patients with UTI caused by Klebsiella, Proteus and 

Pseudomonas spp is as shown in Table 1. The result showed that the distribution for patients 

with Klebsiella UTI for the male is multimodal with the mean and standard deviation of 

36.94 ± 24.44 years while that of the female is skewed toward low frequency of higher age 

range with a mean and standard deviation of 27.68 ± 15.71 years. In contrast to the results 

obtained in both genders for patients with Klebsiella UTI, the distribution of patients with 

Pseudomonas associated UTI among the male patients is skewed toward low frequency of 

lower age range with a mean and standard deviation of 55.24 ± 26.68 years while that of the 

female is bimodal and is skewed towards low frequency of higher age range (Table 1) with a 

mean and standard deviation of 26.26 ± 18.67 years. The distribution of male patients who 

presented with Proteus UTI has a mean and standard deviation of 38.81 ± 22.88 years while 

that of the female is skewed toward lower frequency of higher age range with a mean and 

standard deviation of 35.84 ± 18.71 years.  

 
The peak year for Klebsiella UTI cases was observed in patients who are 20-30 years in both 

genders but while this age range recorded the highest Proteus UTI cases among the female, 

children who are under 10 years indicated the highest Proteus cases among the male patients. 

Among patients who are above 50 years, UTI cases were consistently higher in male patients 

of those who are 60-70 years for all the pathogens. Epidemiological survey is consistent with 

higher cases of UTI observed in this study in those between 20 to 50 years. The higher 

incidence of UTI in male than female of those below 10 years is also in agreement with the 

literatures.  
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Klebsiella, Proteus and Pseudomonas associated UTI cases 

Table 2: Distribution pattern of some isolated uropathogenic bacteria from 2005 to 2009 

 
Urinary Tract 

Isolated Pathogens 

          Number and Percentage (%) Isolated per Year  

Total (%) 2005 2006 2007 2008 2009 

Klebsiella spp 14 (8.8) 35  (15.9) 31  (19.5) 37  (23.3) 42 (26.4) 159 (100) 

Proteus spp 7  (9.5) 14  (18.9) 18  (24.3) 18 (24.3) 17 (23.0) 74   (100) 

Pseudomonas spp 5  (10.4) 12  (25.0) 6    (12.5) 9 (18.8) 16  (33.3) 48   (100) 

Total (%)  26 (9.25) 61 (21.71) 55 (19.57) 64 (22.78) 75 (26.69) 281 (100) 

 

The trend in the yearly distribution of Klebsiella, Pseudomonas and Proteus UTI is as shown 

in Table 2.  The increased in infection caused by Klebsiella spp between 2005 and 2009 

(8.8% to 26.4%) indicated significant correlation during these period. Although Escherichia 

coli and Staphylococcus aureus were the major UTI pathogens in the region, however, the 

involvements of other agents such as Klebsiella, Pseudomonas and proteus spp similarly 

constituted health challenges particularly because of the increasing trends in their UTI 

infectivity as well as their multi-drugs resistant pattern. Out of the 1590 UTI pathogens 

isolated between 2005 and 2009, Klebsiella spp, Proteus spp and Pseudomonas spp 

accounted for 10%, 4.7% and 3.0% respectively and making them to respectively rank third, 

fourth and fifth most infectious UTI pathogens in the region. Klebsiella UTI were reported to 

rank second in most part of the world (Azra, 2007; Memon, 2007) and lower proportions than 

our study are reported in China (Shao et al., 2003) and in Sukker-City (Memon, 2007) though 

higher rates of 20.95% are reported in a region in India (Barate and Ukesh, 2012). The 

reported cases of Proteus UTIs (4.9%) in Sukkur-City (Memon, 2007) is similar to pattern 

obtained in this present study but lower than the 9.52% reported by Barate and Ukesh (2012) 

in India.  

 
The least UTI infectivity rates were recorded for all agents in year 2005 but Klebsiella and  

Proteus species’ infectivity peaked in 2009. Klebsiella UTI significantly increased from 8.8% 

in 2005 to 26.4 % in 2009. During similar periods, Proteus and Pseudomonas UTIs increased 

from 9.4% to 23.0% and 10.4% to 33.3% respectively. The progressive increase in Klebsiella 

UTI cases between 2005 and 2009 was significantly correlated as the year increases (P<0.05) 

but Proteus UTI appeared to plateau from 2007 to 2007. Although the proportions of these 
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uropathogenic isolates are similar to values obtained in Canada (Karlowsky et al., 2011), but 

the 17.6% rise in Klebsiella UTI recorded between 2005 and 2009 in this study creates a 

worrisome situation when compared to the slower rate of rise within similar period in places 

like Bangladesh (4.37%) (Saleh et al., 2009). 

 
Uropathogenic Klebsiella spp susceptibilities pattern to quinolones 

 
Table 3: Percentage susceptibilities (%) of Klebsiella spp to some quinolones 

 
Quinolone 

Antibiotics 

                                          YEARS TOTAL 

(%) 2005   2006 2007 2008 2009 

Ciprofloxacin 71.4 n=14 74.3 n=35 74.2 n=31 52.6n=38 66.7 n=39 66.9 

n=157 

Ofloxacin 64.3 n=14 75.6 n=33 73.3 n=30 75.6n=33 60.0 n=40 70.0 

n=150 

Pefloxacin 64.3 n=14 72.7 n=33 67.9 n=28 31 n=29 52.8 n=36 57.1 

n=140 

Norfloxacin -  - 0.0   n=2 66.7 n=3 25.0 n=8 33.3 n=3 31.3 n=16 

Nalidixic 

acid 

25.0 n=12 10.3 n=29 10.7 n=28 0.0  n=28 5.3  n=38 8.1  n=135 

 

The susceptibilities of Klebsiella spp to the fluoroquinolones are as shown in Table 3. There 

are no appreciable changes with ciprofloxacin between 2005 and 2007 neither did ofloxacin’s 

activities significantly varied between 2006 and 2008 while further changes occurring in both 

drugs recorded no significant difference. Pefloxacin recorded it least activity in 2008 but the 

greatest losses over time were recorded with nalidixic acid since it lacks the fluorine 

substituent atom that confers higher activities to the quinolones. These results showed that 

decrease susceptibilities changes occurring between 2005 and 2009 with ciprofloxacin, 

ofloxacin, pefloxacin, and nalidixic acid were 7.6%, 4.3%, 11.5% and 19.7% respectively. 

Many fluoroquinolones are similarly reported to show increasing resistance to uropathogenic 

Klebsiella. For instance, the 7.6% loss in ciprofloxacin activities in this present studies is 

lower than the 35.12% reported in Bangladesh during a similar period (Saleh et al., 2009). 
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Inter-activities relation of the quinolone antibiotics to UTI Klebsiella isolates 

Table 4: Comparison of activities of Quinolones to resistant uropathogenic Klebsiella 

spp. 

 
No. of Klebsiella spp 
Resistant to 

Nos (%) of Resistance Klebsiella spp that are sensitive to other 
quinolones 
Nalidixic acid Pefloxacin Ciprofloxacin Ofloxacin 

Nalidixic acid (n=111)           XXX 55    (49.5%) 71   (64.0%) 77    (69.4%) 

Pefloxacin      (n=57)  1       (1.8%)          XXX 17   (29.8%) 27    (47.4%) 

Ciprofloxacin (n=48) 1       (2.1%) 5      (10.4%)         XXX 24    (50.0%) 

Ofloxacin      (n=42) 1       (2.4%) 9      (21.4%) 18    (42.9%)              XXX 

 

The inter-activity relations of the quinolone antibiotics to UTI Klebsiella isolates are as 

shown in Table 4. The activities of ofloxacin against nalidixic acid-resistant-Klebsiella spp 

isolates were slightly higher than ciprofloxacin but its higher activities against pefloxacin-

resistant UTI Klebsiella were significantly higher (P<0.05) than ciprofloxacin. Furthermore, 

while 50% of ciprofloxacin resistant Klebsiella spp were sensitive to ofloxacin, only 42.9% 

of ofloxacin resistant-Klebsiella were on the other hand sensitive to ciprofloxacin. This 

pattern of result indicated that ofloxacin may have a superior activity on the average over 

other quinolones routinely used in the region; however, the high rate of cross resistances 

recorded here is worrisome since it implies that several UTI Klebsiella bacteria isolates 

untreatable by the commonly available fluoroquinolones in the region have emerged. 

Susceptibility of uropathogens to flouroquinolones was similarly reported to be decreasing in 

hospitalized patients in Pakistan (Muhammad et al., 2010). 

 
Table 5: Percentage susceptibilities (%) of Proteus spp to some quinolones 

 
Quinolone 

Antibiotics 

                                          YEARS TOTAL 

 (%) 2005 2006   2007 2008 2009 

Ciprofloxacin 87.5  n=8 66.7  n=12 81.3  n=16 56.3  n=16 50.0  n=18 65.7 n=70 

Ofloxacin 66.7  n=6 60.0  n=10 62.5  n=16 76.9  n=13 60.0  n=15 65.0 n=60 

Pefloxacin 50.0  n=6 37.5  n=8 60.0  n=15 31.3  n=16 61.5  n=13 48.3 n=58 

Norfloxacin 66.7  n=3 0.0  n=5 100  n=1 50.0  n=2 25.0  n=4 33.3 n=15 

Nalidixic acid 20.0  n=5 0.0  n=7 12.5  n=16 0.0  n=15 7.7  n=13 7.1  n=56 
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Uropathogenic Proteus spp susceptibilities Pattern to quinolones 

The results of the susceptibility of UTI Proteus spp isolates to the fluoroquinolones are 

shown in Table 5. The activities of ciprofloxacin were consistently higher than ofloxacin 

from 2005 to 2007 before reversal in trends was observed. Peak activities of nalidixic acid 

(20.0%) were recorded in 2005. The activities of ciprofloxacin ranges from 50% in 2009 to 

87.5% in 2005 while that of ofloxacin ranges between 60% and 76.9%. Ciprofloxacin 

recorded a 37.5% decline in its activities against Proteus spp between 2005 and 2009. 

Although the corresponding changes (decrease) for other agents were 6.7%, 41.7% and 

13.3% respectively for ofloxacin, pefloxacin, norfloxacin and nalidixic acid respectively, but 

pefloxacin activities appeared to appreciate by 11.5% during similar periods. However, the 

general activities of all agents except ofloxacin were poor right from 2008. 

 

Inter-activity relations of the quinolone antibiotics to UTI Proteus spp isolates 

The inter-activity relations of the quinolone antibiotics to UTI Proteus spp isolates is as 

shown in Table 6.The activities of ciprofloxacin and ofloxacin against nalidixic acid-resistant 

Proteus spp are uniform while the variation in their activities against pefloxacin-resistant 

Proteus spp is not significant. Similarly there was no significant difference between the 

activities of ofloxacin (29.6%) against ciprofloxacin-resistant Proteus spp and that of 

ciprofloxacin (30.4%) against ofloxacin resistant Proteus spp which suggest that both agents 

may have similar activity profile when resistant are encountered with other fluoroquinolones 

use in Proteus associated UTI in the region.   

 
Table 6: Comparison of activities of Quinolones to resistant uropathogenic Proteus spp 

 
No. of  Proteus spp 

Resistance to 

  No. (%) of Resistance Proteus spp that are sensitive to other 

quinolones 

Nal. acid Norfloxacin Pefloxacin Ciprofloxacin Ofloxacin 

Nalidixic acid(n=56)   XXX 0    (0.0%) 21 (37.5%) 33 (58.9%) 33(58.9%) 

Norfloxacin (n=10) 0   (0.0%)  XXX 0   (0.0%) 4  (40.0%) 1 (10.0%) 

Pefloxacin (n=31) 0   (0.0%) 0   (0.0%) XXX 13 (41.9%) 12(38.7%) 

Ciprofloxacin(n=27) 0   (0.0%) 0   (0.0%) 4 (14.8%) XXX 8 (29.6%) 

Ofloxacin (n=23) 0   (0.0%) 0   (0.0%) 4 (17.4%) 7 (30.4%) XXX 
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Uropathogenic Pseudomonas spp susceptibilities Pattern to quinolones 

Table 7: Percentage susceptibilities (%) of Pseudomonas spp to some quinolones 

 Quinolone 

antibiotics 

                                          YEARS Total 

(%) 2005   2006 2007 2008 2009 

Ciprofloxacin 20.0  n=5 41.7  n=12 66.7  n=6 55.6  n=9 75.0  n=16 56.3  n=48 

Ofloxacin 50.0  n=4 54.5  n=11 50.0  n=6 44.4  n=9 66.7  n=15  55.6  n=45 

Pefloxacin 25.0  n=4 60.0  n=10 50.0  n=4 57.1  n=7 40.0  n=15 47.5  n=40 

Norfloxacin 0.0   n=1 0.0   n=1 -  - 0.0    n=2 0.0    n=1 0.0  n=5 

Nalidixic acid 0.0   n=4 22.2  n=9 40.0  n=5 14.3  n=7 7.1    n=14 15.4 n=39 

 
The susceptibility of Pseudomonas spp to the quinolones is as shown in Table 7. 

Pseudomonas infections represent some of the most difficult conditions to treat in clinical 

practice which is reflected by the general poor activities of all agents at all times except 

ciprofloxacin in 2009. However, while the activities of ciprofloxacin against this pathogen 

increases from 20% in 2005 to 75% in 2009 (P<0.05), that of ofloxacin recorded no 

significant changes before 2008 but increases thereafter in 2009. The activity of pefloxacin 

against Pseudomonas having a range of 25% in 2005 to 60% in 2006 was generally not 

impressive. Nalidixic acid recorded its highest activity (40%) in 2007. This result appeared 

encouraging when compared with a 25% resistance growth of Pseudomonas over a decade 

periods reported in a study in USA (Zervos, 2003). This notwithstanding, these results may 

have demonstrated that several Pseudomonas associated UTI in the region are still 

untreatable with the currently available quinolones in the region. 

 
Inter-activity relations of the quinolone antibiotics to UTI Pseudomonas spp isolates 

Table 8: Comparison of activities of Quinolones to resistant uropathogenic 

Pseudomonas spp 

No. of  
Pseudomonas spp 
Resistance to 

  No. (%) of Resistance Pseudomonas spp that are sensitive to other 
quinolones 
Nal. acid Norfloxacin Pefloxacin Ciprofloxacin Ofloxacin 

Nalidixic acid 

(n=32)  

       XXX 0     (0.0%) 8   (25.0%) 19   (59.4%) 14 (43.8%) 

Norfloxacin (n=5) 0    (0.0%)        XXX 0   (0.0%) 2     (40.0%) 3   (60.0%) 

Pefloxacin (n=23) 0    (0.0%) 0     (0.0%)      XXX 12   (52.2%) 8   (34.8%) 

Ciprofloxacin 1    (5.0%) 0     (0.0%) 5   (25.0%)        XXX 9   (45.0%) 
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(n=20) 

Ofloxacin (n=20) 1    (5.0%) 0     (0.0%) 5   (25.0%) 10   (50.0%)      XXX 

 

The Inter-activity relations of the quinolone antibiotics to UTI Pseudomonas spp isolate are 

as shown in Table 8. The results showed that multi-FQs-resistant cases are widespread 

judging from low inter-activities of these antimicrobial agents. Although ciprofloxacin 

recorded higher activities against nalidixic acid-resistant Pseudomonas compare to ofloxacin, 

the reverse was the case with norfloxacin-resistant Pseudomonas spp. These results showed a 

high rate of cross resistances between the fluoroquinolones in the region. Furthermore, while 

about half of ofloxacin-resistant Pseudomonas may be treated with ciprofloxacin, less than 

half of ciprofloxacin-resistant Pseudomonas may only show susceptibility to ofloxacin but 

this variation showed no statistical significant. 

 
Uropathogenic coliforms (unclassified) susceptibilities Pattern to quinolones 

Table 8: Susceptibilities (%) of unclassified coliforms to some quinolone antibiotics 

 

Agents 

                                       YEARS TOTAL 

  (%) 2005 2006   2007 2008 2009 

Cipro 89.7 n=39 74.7 n=79 70.0 n=66 76.2 n=122 59.2 n=125 71.2 n=431 

Ofloxacin 60.5 n=38 82.3 n=79 79.4 n=68 75.0 n=96 64.8 n=108 78.9 n=389 

Pefloxacin 56.6 n=33 73.5 n=68 58.9 n=56 63.2 n=106 50.0 n=104 80.2 n=367 

Norflo 14.3 n=7 33.3  n=6 66.7 n=3 41.4 n=29 14.3 n=21 28.8 n=66 

Nal. acid 12.5 n=24 19.4 n=72 16.4 n=61 19.5 n=87 2.8  n=108 13.4 n=352 

 
Key: Cipro=ciprofloxacin, Norflo=norfloxacin, Nal. Acid= nalidixic acid 

 
The result of the susceptibility of some coliforms bacteria that were not characterized is as 

shown in Table 8. Changes occurring between 2006 to 2008 for ciprofloxacin and ofloxacin 

were not significant but all agents recorded low activities in 2009. The activities of 

pefloxacin ranges between 50 % and 73.5% while that of norfloxacin ranges between 14.3% 

and 66.7%. The resistances of all agents with the exception of ciprofloxacin in 2005 and 

ofloxacin in 2006 have exceeded the below 20% benchmark limit recommendation for some 

agents in certain guidelines (Gupta et al., 2011). Nalidixic acid whose activity ranges from 

2.8% to 19.2% recorded the least during these study periods. 
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Multi-quinolones resistance patterns of uropathogenic bacteria 

The results of multi-quinolone resistances to Klebsiella, Proteus and Pseudomonas co-

resistance are as shown in Table 8. Resistances to two quinolones were 19.5%, 16.2% and 

20.8% respectively for Klebsiella, Proteus and Pseudomonas respectively. The equivalent 

values for three and four quinolones were 18.9%, 10.8% and 31.7%; and 11.3, 10.8 and 

20.8% respectively for these UTI pathogens. 

 
Table 9: Uropathogens resistance to co-quinolone 

                                                                 Klebsiella spp   Total  

   (%) No. of co-quinolone 

resistance 

2005 (%) 2006 (%) 2007 (%) 2008 (%) 2009 (%) 

2 1 (7.1) 7 (20.0 ) 7 (22.6) 7 (18.9) 9 (21.4) 31 (19.5) 

3 4 (28.6) 3 (8.6) 5 (16.1) 10 (27.0) 8 (19.0) 30 (18.9) 

4 2 (14.3) 4 (11.4) 2 (6.5) 5  (13.5) 5 (11.9) 18 (11.3) 

                  Total (%) 7 (50.0) 14 (40.0) 14 (45.2) 22 (59.5) 22 (52.4) 79 (49.7) 

                                                                 Proteus spp 

2 2 (28.6) 3 (21.3) 2 (11.1) 4 (22.2) 1 (5.9) 12 (16.2) 

3 2 (28.6) 3 (21.3) 4 (22.2) 4 (22.2) 6 (35.3) 19 (25.7) 

4 0 (0.0) 2 (14.3) 2 (11.1) 1 (5.6) 3 (17.6) 8 (10.8) 

                 Total (%) 4 (57.1) 8 (57.1) 8 (44.4) 9 (50.0) 10 (58.8) 39 (52.7) 

                                                                Pseudomonas spp 

2 1 (20.0) 1 (8.3) 1 (16.7) 3 (33.3) 4 (25.0) 10 (20.8) 

3 2 (40.0) 5 (41.7) 3 (50.0) 2 (22.2) 3 (18.8) 15 (31.3) 

4 1 (20) 3 (25.0) 2 (33.3) 2 (22.2) 2 (12.5) 10 (20.8) 

                 Total (%) 4 (80) 9 (75.0) 6 (100) 7 (77.7) 9 (56.3) 35 (72.9) 

 

Klebsiella multi-quinolone resistance ranges from 40.0% in 2006 to 59.5% in 2008 with an 

overall average co-quinolone resistance rate of 49.7% while that of Proteus spp ranges from 

44.4% to 51.7%. But the highest co-quinolone resistances were observed with Pseudomonas 

with all the isolates showing resistance to multi-quinolones in 2007 and an overall average of 

co-quinolone resistance of 72.9%. These results may have supported the need for use of 

newer or other quinolones in the region.  
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General discussion 

Numerous trials have demonstrated both the microbiological and clinical cure with the use of 

the fluoroquinolones in the treatment of Uncomplicated UTI in many regions (Gupta et al., 

2011). These advantages notwithstanding, the FQs antimicrobial agents are recommended by 

experts to be reserved or used as alternative in case of therapeutic failure to the first line 

agent or for complicated UTI and to preserve resistance development against them (Still and 

Norwood, 2012; UMMC, 2013).This approach seems justified since fluoroquinolone use is 

directly correlated with resistance development and hospital resistance is increasing (Still and 

Norwood, 2012). However the results obtained in this study is worrisome since high rates of 

resistances by these uropathogenic bacteria are observed with most of the fluoroquinolones 

currently in use in the region.  

 
CONCLUSION 

Except in some few isolated cases, the resistances offered by the trio of Klebsiella, Proteus, 

and Pseudomonas  UTI isolates to the fluoroquinolone antimicrobial agents used in the 

region has far exceeded 20% and their empiric choices without microbiological laboratory 

assays may both constitute irrational drug therapy and at the same time risking therapeutic 

failure. It is therefore recommended that the introduction of newer FQs agents be made in the 

region while at the same time strengthening the local and national antibiotic policies. 
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