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Urinary tract infection is one of the most common bacterial infections with increasing resistance to 
antibiotics. Escherichia coli (E. coli) have been identified as the most common pathogen of urinary tract 
infections. Studies on prevalence and antimicrobial susceptibility patterns of clinical isolates from 
urinary tract infections in Nigeria are few. This study was carried out to assess the prevalence and 
antimicrobial susceptibility patterns of E. coli isolates from urinary tract infections in two health 
institutions - a general hospital and a private clinic in South South, Nigeria. A retrospective study was 
carried out between January 2005 and December 2009. Statistical analysis was carried out using SPSS 
version 14, Chicago IL. E. coli accounted for 1797 out of 3655 urine isolates (49.16%). Lowest 
susceptibility was for cotrimoxazole (13.9%), chloramphenicol (16.3%) and amoxicillin (16.8%) while 
highest susceptibility was for ofloxacin (65.1%) and ciprofloxacin (50%). There was a significant 
difference, p<0.05, in prevalence and susceptibility patterns between the two institutions with higher 
susceptibility levels in the general hospital. There is a need for proper surveillance and development of 
hospital specific antibiograms to inform appropriate empiric therapy of urinary tract infections. 
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INTRODUCTION 
 
Community acquired infections continue to be the leading 
cause of death in developing countries (Wenzel and 
Edmond, 2000). Urinary tract infection is one of the com-
monest diseases diagnosed in outpatients (Gales et al., 
2000) and therefore accounts for a large proportion of 
antibacterial drug consumption (Grude et al., 2001). 
Empiricial treatment is usually initiated before laboratory 
diagnosis which results in increasing resistance of 
uropathogens to antimicrobials due to frequent misuse of 

antibiotics (Tambekar and Dhanorkar, 2005). Escherichia 
coli has been indicated as the major causative organism 
for uncomplicated community acquired urinary tract 
infections (Raka et al., 2004; Stratchounski and Rafalski, 
2006; Matsumoto, 2011).  

Bacterial resistance has been increasing over the past 
years. Knowledge about the trends in emergence of 
resistance and their importance in different settings is 
essential prerequisite to the control of antibacterial
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Table 1. Distribution of E. coli isolates by gender. 
 

 Source Gender 

Hospital Male Female 

General hospital 515 (31.4%) 1126 (68.6%) 

Private clinic 50 (32.1%) 106 (67.9%) 

Total 565 (100%) 1232 (100%) 
 
 
 

resistance (Naaber et al., 2000). In many instances, the 
data available are not amenable to accurate quantitative 
assessment, particularly in countries like Nigeria whose 
systematic surveillance system is absent or rudimentary 
(Okeke et al., 2005). There is therefore, the need to con-
duct surveillance studies that details the trends in anti-
biotic use and the resistance patterns of various bacterial 
isolates with the objective of making evidence based 
recommendations to reduce the emergence and spread 
of antibiotic resistant pathogens. This knowledge will help 
in implementing measures for the control of the spread of 
antimicrobial resistant organisms. 

In Nigeria, bacterial resistance to antibiotics is rampant 
as a result of lax or no policy that guides the usage and 
administration of antibiotics. In Nigeria, there is inade-
quate data on trends in antibiotic use and resistance 
patterns. Few studies have been carried out in the past 
but have included only a small number of clinical isolates. 
This study seeks to analyse the difference in antibiotic 
susceptibility of E. coli isolates from urine samples in 
humans over a time frame of five years from two health 
institutions in South South, Nigeria. The observations 
from this study should be useful in other resource poor 
settings. 
 
 
MATERIALS AND METHODS 

 
Study setting 

 
The clinical microbiology laboratories of two health institutions in 
Rivers State, South-South, Nigeria were involved in the study. The 

first institution is a government owned general hospital. The second 
is a private clinic. All urinary specimens, collected from patients with 
clinical diagnosis of urinary tract infection, from freshly voided clean 
catch midstream urine with significant bacteruria ≥ 10 

5 
cfu/ml 

processed in the two laboratories between January 2005 and 
December 2009 from outpatients were included in the study. Infor-
mation was retrieved from the laboratory records. Demographic 
data collected were age and gender. Age was classified as child 

(less than18 years) and adults (18 years and above). Only one 
positive urine specimen per patient was included in the study. 
These were inoculated unto CLED and MacConckey agar and 
incubated at 37°C for 24 h. Identification of E. coli was based on 
standard biochemical tests (McNulty et al., 2004).  

 
 
Susceptibility tests 

 

In vitro susceptibility of E. coli isolates to nine commonly used 
antibiotics was performed using antibiotic discs on Mueller Hinton 
agar,  modified  by  Kirby-Bauer (Baron et al., 1994). Antibiotic discs 
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used were, amoxicillin (30 mcg), chloramphenicol (20 mcg), genta-
mycin (10 mcg), cotrimoxazole (25 mcg), ciprofloxacin (10 mcg), 
ofloxacin (10 mcg), amoxicillin-clavulanic acid (30 mcg), strepto-
mycin (30 mcg) and nalidixic acid (30 mcg). Inhibition zone 
diameter was interpreted based on CLSI (2011) guidelines. Inter-
mediate and resistant strains were grouped together. For quality 
control of susceptibility tests, E. coli ATCC 27922 was used. 
 
 
Statistical analysis 

 
Statistical analysis was carried out using Statistical Pacvkage for 
the Social Sciences (SPSS) version 14, Chicago IL. Susceptibility 

was expressed as percentages. Chi square test with Fisher’s exact 
two-tailed test was used to assess the association between institu-
tion, gender and age with the prevalence of resistant isolates. A p-
value of <0.05 was considered as statistically significant. 
 
 

RESULTS 
 

E. coli was isolated from 1797 out of 3655 of urine 
isolates accounting for 49.16% of urinary tract infections. 
Out of the 1797 E. coli isolates, 1641 were from the 
general hospital and 156 were from the private clinic. 
This was isolated from 1232 females (68.56%) and 565 
men (31.44%) as shown in Table 1. There was no sig-
nificant difference in the distribution of E. coli between 
both genders in the two health institutions. There was a 
significant difference, p < 0.05, in occurrence of E. coli in 
the two institutions. E. coli accounted for 52.24% of 
isolates from the general hospital and 37.7% of urine 
isolates in the private clinic.  

Table 2 shows results of the resistance rates of E. coli 
to antimicrobials. Antimicrobials with the lowest suscepti-
bility levels include cotrimoxazole (13.9%), chloram-
phenicol (16.3%) and amoxicillin (16.8%). Highest 
susceptibility levels were for the fluoroquinolones, 65.1, 
50 and 42.9% for ofloxacin, ciprofloxacin and nalidixic 
acid, respectively. A significant difference was observed 
in the levels of susceptibility in the two clinics for 
amoxicillin (4.16 and 1.3%), chloramphenicol (28.7 and 
12%), nalidixic acid (46.16 and 24.4%), ofloxacin (68.47 
and 47.4%) and amoxicillin/clavulanic acid (30 and 
21.8%) at p< 0.05 with lower susceptibility levels 
observed in the private clinic. However, for the amino-
glycosides, gentamycin (23.53 and 48%) and 
streptomycin (29.71 and 46.2%), there was a significant 
difference (p< 0.05) in susceptibility levels between the 
two clinics with lower susceptibility levels in the general 
hospital. The susceptibility levels were higher in the 
males than in the females except for chloramphenicol 
and gentamycin. Susceptibility levels among males for 
amoxicillin, chloramphenicol, gentamycin, nalidixic acid, 
ciprofloxacin, ofloxacin, streptomycin, cotrimoxazole and 
amoxicillin clavulanic acid were 17.4, 13.4, 27.1, 43.9, 
54.4, 67.4, 37.6, 17.4 and 31.5%, respectively. For the 
same antibiotics among females, susceptibility levels 
were 14.0, 13.8, 28.5, 41.0, 51.9, 62.6, 34.0, 15.2 and 
30.2%, respectively. However the difference was not 
significant. There was no significant difference also
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Table 2. Susceptibility rates of E. coli to antimicrobials. 
 

Antimicrobial agent 

General Hospital Private Clinic Total 

Percentage 
(%) 

Number 
sensitive 

Percentage 
(%) 

Number 
sensitive 

Percentage 
(%) 

Number 
sensitive 

Amoxicillin 24.16 397/1641 1.30 2/156 16.80 302/1797 

Chloramphenicol 28.70 471/1641 12.00 19/156 16.30 293/1797 

Gentamycin 23.53 386/1641 48.00 75/156 26.70 480/1797 

Nalidixic Acid 46.16 757/1641 24.40 38/156 42.90 771/1797 

Ofloxacin 68.49 1124/1641 47.44 74/156 65.10 1170/1797 

Ciprofloxacin 59.54 977/1641 47.44 74/156 50.00 899/1797 

Streptomycin 29.71 488/1641 46.20 72/156 34.22 615/1797 

Cotrimoxazole 12.07 198/1641 17.95 28/156 13.90 250/1797 

Amoxicillin/clavulanic acid 30.00 492/1641 21.80 34/156 28.50 512/1797 
 
 
 

in the levels of susceptibility between the two age groups. 
 
 

DISCUSSION 
 

E. coli has been identified as the most common 
uropathogen. This is in line with other studies. In a study 
of the prevalence and antimicrobial susceptibility patterns 
of uropathogens in Ireland, E. coli had the highest 
prevalence of 56.7% (Cullen et al., 2013). However, in 
another study carried out by Okesola and Aroundegbe 
(2011) in South West Nigeria, the most prevalent 
uropathogen was Klebsiella spp with a prevalence of 40 
%, while E. coli had the second highest prevalence at 25 
%. This shows that the aetiology of urinary tract infections 
could vary geographically. With the high prevalence of E. 
coli as the causative agent of urinary tract infections, the 
study of its susceptibility pattern therefore is very impor-
tant in the development of empiric treatment guidelines 
for urinary tract infections. Results from this study portray 
E. coli as having low susceptibility levels to cotrimoxazole 
(13.9%), chloramphenicol (16.3%) and amoxicillin 
(16.8%). These results are comparable with results repor-
ted in another study carried out in South South Nigeria by 
Wariso et al. 2010), in which susceptibility to 
cotrimoxazole by all uropathogens was 7.1%. Similar 
studies carried out in South-West Nigeria (Odusanya, 
2002; Dada-Adegbola and Muili, 2010) reported 
cotrimoxazole had lower sensitivity 2.0 and 5.1% than the 
results here reported. In Ghana, however, cotrimoxazole  
and chloramphenicol susceptibilities, 27 and 25%, res-
pectively (Nambodiri et al., 2011) though low, were higher 
than reports from studies in Nigeria. In an 11 year study 
carried out in Dublin, susceptibility levels were lowest for 
ampicillin and trimethoprim at 39.2 and 68.5%, respec-
tively (Cullen et al., 2013).  The high level of resistance to 
these medications could probably be because they have 
been in the market for a long time, thus allowing micro 
organisms time to develop resistance mechanisms 
towards the antibiotics above mentioned. Highest sus-
ceptibility levels were seen in the fluoroquinolones, 
ofloxacin (65.1%) and ciprofloxacin (50%).  

In the study carried out by Wariso et al (2010) in South 
South Nigeria, susceptibility levels to ciprofloxacin and 
ofloxacin were 75.8 and 76.1%, respectively, while the 
level of susceptibility of ciprofloxacin in the study in 
Ghana by Namboodiri et al. (2011) was 89%. The levels 
of fluoroquinolone susceptibility were lower in this study. 
Significance test shows however, that there was a lower 
level of susceptibility for the fluoroquinolones, cipro-
floxacin and ofloxacin, in isolates from the private clinic 
when compared to isolates from the general hospital 
(p<0.05). The susceptibility levels for isolates from the 
general hospitals for ofloxacin, ciprofloxacin, nalidixic 
acid at 68.47, 59.52 and 46.16% were a bit more com-
parable with other results from Nigeria and Ghana. 
Fluoroquinolones have been in the market for a shorter 
duration which might account for a higher level of 
susceptibility when compared to older antibiotics such as 
cotrimoxazole, amoxicillin and others.  

Also, the higher costs of these antibiotics contribute to 
less usage. The higher level of resistance in the private 
clinics might be as a result of greater use in that setting 
as patients that use these private clinics are generally of 
a higher socioeconomic status and can afford the more 
expensive medications, whereas cheaper medicines are 
used in general hospitals.  However, more research has 
to be done on antimicrobial use in these two institutions 
to ascertain if there is an association between the level of 
utilisation and levels of resistance. Susceptibility levels in 
this study was far lower than results in developed coun-
tries including Europe, USA, Canada, Japan (Grude et 
al., 2001; Stratchounski and Rafalski, 2006; Matsumoto, 
2011; Alos et al., 2005; Sahm et al., 2001; Zhanel et al., 
2000; Karlowsky et al., 2002).  

Cullen et al. (2013) reported susceptibility levels of 
89.4% for ciprofloxacin in Dublin. A recent study carried 
out in America showed an increase in resistance to cipro-
floxacin from 3 to 17.1 % between 2000 and 2010, which 
was attributed to the higher provider use of fluoro-
quinolones (Sanchez et al., 2012). This high level of 
resistance in Nigeria could be explained by the easy 
access  of  antibiotics  across  the  counter  in developing  



 
 
 
 
countries and the running of pharmacies by unlicensed 
personnel. The need for the development and enforce-
ment of antibiotic policies and proper antibiotic steward-
ship in developing countries cannot be overemphasized. 
Varying levels of resistance in the two institutions under 
study, shows that there is a need to develop hospital 
specific antibiograms to improve on the outcome of 
empiric therapy.  

It is important to note that the method of susceptibility 
testing used in this study was the disk diffusion method. 
Bond et al. (2012) reported that disc diffusion assays 
could show resistance levels for antimicrobial agents 
whereas the minimum inhibitory concentration (MIC) tests 
show sensitivity to the same antimicrobial agents. MIC 
tests were not carried out to confirm the sensitivity of E. 
coli to these antimicrobials in this study. This could be a 
limitation of this study. It will be recommended that in 
subsequent research carried out in Nigeria, disc diffusion 
tests should be compared with MIC tests such as Etests 
and Vitek tests to confirm results. 

Guidelines for the treatment of uncomplicated acute 
urinary tract infections recommend the use of 
cotrimoxazole in the treatment in urinary tract infections 
when resistance levels are less than 70% (Warren et al., 
1999). Fosfmycin has been recommended in the 
management of urinary tract infections in areas of high 
resistance to fluoroquinolones (Warren et al., 1999). It 
could be recommended that fosfomycin be included in 
the essential drug lists for health institutions, as it is not 
currently in use in Nigeria, since there is a widespread 
resistance to the first line treatment of urinary tract 
infections (Okesola and Aroundegbe, 2011, Adedeji and 
Abdulkadir, 2009). Despite many years of use, 
fosfomycin continues to have low incidence of resistance 
(Alos et al., 2005, Schito et al., 2009). Fosfomycin has 
retained its activity against quinolone resistant strains of 
E. coli and cross resistance with other classes of 
antibiotics is not a problem (Ungheri et al., 2002).  

In conclusion, results of this study show that there is 
need to evaluate and develop empiric treatment strategy 
for urinary tract infections. Surveillance of antimicrobial 
susceptibility patterns should be ongoing; hospital 
specific antibiograms should be developed and most 
importantly, health professionals should be trained on 
antibiotic stewardship. There might be a possibility of bias 
resulting from over reporting of resistance because 
treatment is generally empirical in the region and people 
that eventually get to the laboratories for culture and 
sensitivity testing are those in whom previous antibiotic 
treatment has failed. 
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