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Abstract                                                                                                                                                  
 

Background: Bacteria from clinical and non-clinical settings are becoming increasingly 

resistant to conventional antibiotics and resulted in an infection-control problem. Patients 

admitted to hospitals for the treatment of resistant bacterial infections are adding to the already 

too high costs of healthcare and are a source of resistant bacteria and/or resistance-encoding 
genes.                                                                                                                                                                             

Objective: To study the phenotypic characterization of urinary isolates expressing an extended-

spectrum β-lactamase (ESβL).                                                                                                                                                                                                                                                      
Materials and methods: Three hundred and thirty two (n=332) urine specimens were 

collected from patients attending different hospitals in Khartoum State during the period from 

May to November 2011. The isolates were identified by using conventional biochemical 

methods and Microbact 2000 24E (OXOID) system. All Isolates were tested for their 

antimicrobial resistance. ESβL screening was confirmed by double disk synergy test and VITEK 

2 system.                                                                                                                                    

Results: Frequency rate of urinary Gram negative isolates was 65.7%. The major isolate was E. 

coli (72.0%), followed by K. pneumoniae (14.7%). The maximum sensitivity was seen for 

imipenem (100%). The maximum resistance was seen against ceftazidime (74.8%). ESβL 

producing bacteria was (59.6%) and was mostly due to K. pneumoniae (68.8%). ESβL producing 

bacteria showed maximum resistance to ceftazidime (95.4%).                                                                                                                                                  

Conclusion: Urinary isolates were susceptible to imipenem and majority of them were 

susceptible to piperacillin/tazobactum and cefepime. The resistance of norfloxacin was low 

against most of UTIs isolates. Carbapenems, piperacillin/tazobactam and fluoroquinolones 

constitute the drugs of choice for treatment of UTI infections caused by ESBL-producers. 

Multiple drug resistance was noticeable among most strains of Enterobacteriaceae, especially E. 

coli and K. pneumoniae.  
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Introduction   

Bacteria that have become resistant to antibiotic drug therapy are an increasing public health 

problem. Wound infections, urinary tract infections (UTIs), tuberculosis, pneumonia, septicemia 

and childhood ear infections are just a few of the diseases that have become hard to treat with 

antibiotics. One part of the problem is that bacteria and other microbes that cause infections are 

remarkably resilient and have developed several ways to resist antibiotics. Clinically important 

bacteria (such as methicillin-resistant Staph. aureus (MRSA) and extended-spectrum β-lactamase 

(ESβL)producing E. coli) are increasingly observed in the community1.                                                                                                                                                           

Nowadays, most of the bacteria that cause infections in hospitals are resistant to at least one of 

the drugs most commonly used for treatment. Bacterial resistance often results in treatment 

failure, which can have serious consequences, especially in critically-ill patients. Inadequate 

empiric antibacterial therapy has been associated with increased mortality rates in patients with 

bloodstream infections due to resistant Pseudomonas aeruginosa, Staphylococcus aureus,                         

K. pneumoniae, Escherichia coli, Enterobacter spp. coagulase-negative staphylococci, and 

enterococci2.                                                                                                                                                                   

β-lactam antibiotics are bactericidal, and act by inhibiting the synthesis of the peptidoglycan 

layer of bacterial cell walls. The peptidoglycan layer is important for cell wall structural 

integrity, especially in Gram-positive organisms. The final transpeptidation step in the synthesis 

of the peptidoglycan is facilitated by transpeptidases known as penicillin-binding proteins 

Moreover patients admitted to hospitals for the treatment of resistant bacterial infections or 

acquire resistant infections while in the hospital are adding to the already too high costs of 

healthcare and are sources of resistant bacteria and/or resistance-encoding genes. The β-lactam 

bactericidal antibiotics consist of four main antibiotic groups. These main groups are penicillins, 

cephalosporins, carbapenems and monobactams. The principal classification of β-lactams is 

based upon their structure3.                                                                                                                      

Urinary tract infection (UTI) is an infection that develops in any part of the urinary system. It 

represents one of the most common infections present in community and hospitals. UTIs occur at 

the rate of 2-3% of hospital admission and accounts for 35-40% of all nosocomial infection. 

UTIs are one of the most common bacterial infections in the general population, with an 

estimated overall incidence rate of 18 per 1000 person per year. In addition, UTIs are a major 

cause of hospital admissions and are associated with significant morbidity and mortality as well 

as a high economic burden. The disease may be asymptomatic, but if symptoms develop they 

include cloudy or bloody urine, low fever, back discomfort, fatigue, nausea and vomiting. It may 

be life threatening. Members of Enterobacteriaceae, specifically E. coli, are the main causes of 

UTIs. Staphylococcus saprophyticus (Staph. saprophyticus) is the second most common cause; 

and a lesser percent are caused by other Enterobacteriaceae such as Proteus and Klebsiella or by 

Enterococcus or by Pseudomonas species4.                                                            

Trimethoprim/sulfamethoxazole, ciprofloxacin, cephalosporins, semi-synthetic penicillins with 

or without inhibitors, gentamycin, amikacin, nitrofurantoin and fosfomycin are the most 

commonly used antibacterial drugs in the UTIs treatment. One of UTI complication is the  
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emergence of antibiotic-resistant strains. In the last 10 years, many kinds of resistant strains have 

been found in UTIs. For instance, methicillin-resistant Staphylococcus aureus  (MRSA),  

multidrug-resistant Pseudomonas aeruginosa  (MDRP),  multidrug-resistant  Serratia 

marcesence , vancomycin-resistant enterococci (VRE), and extended-spectrum beta-lactamase 

(ESBL)-producing strains have been reported. Antimicrobial resistance is commonly 

encountered in UTIs for many reasons, of which individuals with UTIs frequently have recurrent 

infections, and receive repeated courses of antimicrobial therapy. In addition, patients may 

acquire infection nosocomially through instrumentation, and organisms acquired in this setting 

are more likely to be resistant than those acquired in the community5. Identifying ESBL-

producing organisms is a major challenge for the clinical microbiology laboratory. Disk-

diffusion and dilution methods are useful methods for screening of ESβL production by 

Enterobacteriaceae. Proper infection-control practices and barriers are essential to prevent 

spreading and outbreaks of ESβL-producing bacteria. Despite of the widespread availability of 

antibiotics, UTIs remain the most common bacterial infections in human population. The 

resistance to antibiotics has become a great problem in the world. However, disease-causing 

microbes that have become resistant to antibiotic drug therapy are an increasing public health 

problem. Bacteria have developed several ways to resist antibiotics. β-lactam antibiotics have 

been widely used to treat urinary Enterobacteriaceae infections; however, treatment of UTIs has 

become increasingly problematic due to the spread of extended-spectrum lactamases families. 

The problem is so severe that some authorities believe that we are entering the "post-antibiotic 

era" where widespread bacterial resistance will render most antibiotics ineffective6.                                                                                                                                    

Sudan is considered to be one of the countries where β-lactam antibiotics are widely prescribed 

by physicians. Sudan can also be included under the list of countries where ESβLs are posing a 

serious problem for antimicrobial therapy. There is no detailed knowledge of resistance patterns 

from the hospitals, especially in urinary tract infections. Since β-lactamase expression is the 

major resistance mechanism of bacteria to β-lactam antibiotics, this study was designed to 

characterize and determine whether resistance of E. coli and K. pneumoniae, (two of the most 

frequently encountered urinary pathogens) is related to β-lactamase production7.  

Materials and methods 
 

This was an analytical, descriptive, cross sectional, qualitative study. Target population was 

urinary tract infection (UTI) patients. It is a hospital-setting study conducted during the period 

from May, 2010 to June, 2013. Inclusion criteria were patients with UTI symptoms. Exclusion 

criteria were all patients without UTI symptoms, and patients having recent antibiotic treatment. The 

study was carried out among patients attending Khartoum Teaching Hospital, Soba Teaching 

Hospital, Sahiron Hospital, National Health Laboratory, and Ibrahim Malik Teaching Hospital. 

The software used for the analysis of data was the statistical package for social sciences (SPSS) 

program (version 14). Frequencies, percentages, tables and graphs were used for presentation of 

the data. All patients were informed about the aim of the study and a written consent was 

obtained. Permission to collect the specimens was taken from directors of hospitals targeted, and  
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approval to conduct the study was granted by Sudan University of Science and Technology 

Khartoum (Sudan). Confidentiality of information was maintained. Results of samples collected 

were donated to all patients investigated and some sample results were dispatched to physicians 

for prescription purposes. Confidentiality of information obtained from subjects under the study 

was maintained.                                                                                                                                                    

Sampling was a non- probability purposive type. Sample frame was UTI patients. Sample 

strategy was convenience where UTI patients were chosen on the basis of accessibility. Sample 

size was 332 urine  specimens collected from patients suspected to have UTIs. Demographic and 

clinical data were collected using a questionnaire with informed consent. 5 ml mid-stream urine 

specimens were collected in wide-mouth screw–capped and leak-proof sterile containers 

containing 0.1g/10 ml boric acid as a preservative. All steps were conducted under aseptic 

conditions. The samples were delivered to the microbiology laboratory within 30 minutes of 

collection.                                                                                                                                                            

The samples were inoculated onto blood agar (Oxiod-Media), Mac Conkey agar (Oxiod-Media), 

and CLED agar (Oxiod-Media). Cultures were incubated overnight aerobically at 37º C. To 

obtain pure culture, isolates were subcultured on nutrient agar. Colonial morphology was studied 

according to size, color, edges, side views of colonies and fermentation of lactose on CLED agar 

and Mac Conkey agar. Hemolysis was observed on blood agar. Fixed and dried smears were 

prepared from the growth to perform Gram stain. Staphylococcus aureus (S. aureus) ATCC® 

25923 was used as a control for Gram positive bacteria; and Escherichia coli (E. coli) ATCC® 

25922 was used as a control for Gram negative bacteria. For indole test, Enterobacter aerogenes 

ATCC® 13048 was used as a negative control and E. coli ATCC® 25922 was used as a positive 

control. For oxidase test, oxidative identification sticks were obtained from Oxoid Limited, Code 

BR0064. Positive control was Pseudomonas aeruginosa ATCC® 27853; and negative control 

was S. aureus ATCC® 25923.                                                                                                                                     

Identification of the isolates was performed according to Microbact 2000 24E (Oxoid) system. 

Preservation all isolates was conducted aseptically using tryptone soya broth with 20% glycerol 

in cryo-tubes and stored under -70 C. All isolated organisms were tested for their in vitro 

antimicrobial resistance against various antibiotics using the Kirby-Bour disk diffusion method. 

The antibiotics used were ceftazidime (30 µg), cefotaxime (30 µg), norfloxacin (10 µg), 

ceftriaxone (30 µg), amikacin (30 µg), co-trimoxazole (1.25/23.75 µg), azithromycin (15 µg), 

nitrofurantoin (300 µg), cefoxitin (30 µg), piperacillin (100 µg), cefepime (30 µg), piperacillin/ 

tazobactum (100/10 µg), amoxyclav (20/10 µg), imipenam (10 µg), and tetracycline (30 µg). The 

susceptibility results were interoperated according to the Clinical and Laboratory Standards 

Institute guidelines (CLSI, 2010). Preparation of Mac Farland standard was performed to give a 

turbidity suspension containing approximately 1.5 ×108 bacterial cells per ml. To perform ESβL 

screening test, all isolates were tested for their susceptibility to the third generation                            

cephalosporins, i.e. ceftazidime (30 μg), cefotaxime (30 μg), ceftriaxone (30 μg), and third 

generation cephalosporins, i.e. ceftazidime (30 μg), cefotaxime (30 μg), ceftriaxone (30 μg), and 

aztreonam (30 μg) by the standard disc diffusion Kirby-Bour method as recommended by the 

CLSI, 2010 guidelines. ESβL were screened by detection of reduced zones of inhibition around  
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third generation cephalosporins. The bacterial strain was considered “suspicious for ESβL 

production” when the zone diameter for: ceftazidime < 22 mm, cefotaxime < 27 mm, ceftriaxone 

< 25 mm, and aztreonam < 27 mm. Resistant isolates to at least one of the third generation 

cephalosporins were checked for ESβL production.                                                                   

Double disk synergy test (DDST) was performed according to Jarlier et al. (1988)8.  Isolates 

were inoculated on Muller-Hinton agar plates. Discs containing ceftazidime (30 µg), cefotaxime 

(30 µg), ceftriaxone (30µg), and aztreonam (30 µg) were placed 20 mm (center to center) away 

from a disc containing 20 µg amoxicillin/10 µg clavulanic acid. Plates were incubated overnight 

at 37°C. ESβL production was considered positive when the clavulanate mediated enhancement 

of the activity of an indicator drug produced a keyhole effect and regarded as a phenotypic 

confirmation of the presence of ESβL (Fig. 1).                                                                                                   

The quality assurance was performed weekly using K. pneumoniae ATCC700603 (American 

type culture collection) as ESβL producing isolate. E. coli ATCC 25922 (susceptible isolate) as a 

negative control. Each isolate was tested using the VITEK 2 system with the ESβL test panel 

contained in the NO45 card (BioMérieux). The panel has six wells containing cefepime (1.0 

μg/ml), cefotaxime(0.5 μg/ml), and ceftazidime (0.5 μg/ml); alone and in combination with CA 

(10, 4, and 4 μg/ml, respectively). Growth in each well is quantitatively assessed by means of an 

optical scanner. The proportional reduction in growth in wells containing cephalosporin plus CA  

                                                                                  

 

Fig. (1):  Growth of ESBL by DDST on Muller Hinton Agar  

 

 

compared with those containing the cephalosporin alone is considered indicative of ESβL 

production. Quality control strains used were E. coli ATCC 25922, E. coli ATCC 35218, K. 

pneumoniae ATCC 700603, and P. aeruginosa ATCC 27853).  

Ahmed, 2019: Vol 4 (4) 

http://ajmsc.info/


6 
 

African Journal of Medical Sciences                      http://ajmsc.info 

 

Results   

332 urine specimens were collected from patients with symptoms of UTIs from different 

hospitals in Khartoum State. Among the study population studied, 140 patients (42.2%) were 

males and  192 patients (57.8%) were females. This difference was not significant (p = ˃ 0.05). 

Patients enrolled in the study were divided into three age groups: less than 10 years old, 11- 49 

years old, and more than 50 years old. The highest frequency of isolates (162/48.8%) was in the 

age group 11-49 years, followed by the age group of more than 50 years (105/31.6%), and the 

lowest frequency of isolates (65/19.6%) in the age group of less than 10 years. This age 

frequency was statistically significant (p = ˂ 0.05).                                                                                              

The total number of Gram negative bacilli isolated was 218 organisms (65.7%), the number of 

Gram positive cocci was 114 organisms (34.3%). The major Gram negative organism isolated 

was E. coli (157/72%); and the least Gram negative organism isolated was Enterobacter spp 

(3/1.4%). This difference was statistically significant (p = ˂ 0.05). As regard ESβL phenotype 

producers, K. pneumoniae was the largest producer (22/68.8%) as shown in Table 1.                                    

The total ESβL producers were 130 bacterial strains (59.6%); and non-ESβL producers were 88 

bacterial strains (40.4%). This indicates a significant difference (p = ˂ 0.05). Vitek 2 ESβL 
confirmatory test detected 100% of the ESβL-producing strains.  Also 8 (64 %) of ESBL 

phenotype producers were isolated from outpatients, while 36% of them were inpatient 

indicating that the prevalence of the resistance mechanisms was community rather than 

nosocomial infection, and the difference was statistically significant. The maximum antibiotic 

sensitivity of Gram negative bacilli was that of imipenem (100%), and the maximum resistance 

was that against ceftazidime (74.8%).                                                                                                                       

Table (1): Frequency of Gram negative isolates and ESβL phenotype producers isolated from 

urinary specimens 

Isolates % (No.) ESβL 

E. coli 72  (157) 65%(102) 

K. pneumoniae 14.7 (32) 68.8% (22) 

K. oxycota 3.2 (7) 28.6% (2) 

P. mirabilis 4.1 (09) 33.3% (3) 

Ps.aeruginosa 4.6 (10) 10% (1) 

Enterobacter  1.4 (3) 0% (0) 

Total 100 (218) 130 

                                                                       p = ˂ 0.05   
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The maximum resistance of ESBL phenotype producing bacteria was seen with ceftazidime 

(95.4%); while minimum resistance was seen with imipenem (0%). The non-ESBL phenotype 

producing bacteria showed maximum resistance to co-amoxyclav (60.2%); while the minimum 

resistance was seen with imipenem (0%).                                                             

Discussion                                                                                                                                                       

The incidence of UTIs varies from area to area and hospital to hospital. In this study, the  highest 

frequency rate of urinary isolates (33.4%) were collected from patients attending Soba 

University Hospital, followed by Sahiron Hospital (26.2%), and Khartoum Teaching Hospital 

(15.7%). The least frequency rate was at Ibrahim Malik Teaching Hospital (6.3%). This can be 

explained by the high number of UTIs patients attending Soba University Hospital in which there 

is a specialized urology centre. Worldwide, E. coli accounts for more than 80% of the positive 

culture cases of UTIs and 10-20% are caused by coagulase-negative S. saprophyticus, and 5% or 

less are caused by other Enterobacteriaceae such as Proteus and Klebsiella or by Enterococcus 

species9.                                                                                                                                                              

In this study, out of 332 urinary isolates, 34.3% of them were Gram positive cocci, and 65.7% 

were Gram negative bacilli. UTIs caused by Gram positive cocci were mostly due to nosocomial 

infections. Several factors contribute to the increased risk of infection among hospitalized 

patients, i.e. disruption of the normal gastrointestinal flora by administration of broad-spectrum 

antibiotics, colonization with hospital-associated strains, poor infection control practices, 

presence of indwelling devices including urinary catheters, and immunosuppressed state10.                                                                                                                                                                                       

E. coli was the most predominant Gram negative pathogen isolated in this study. UTIs were 

mostly caused by E. coli (72.0%), followed by K. pneumoniae (14.7 %), and they were less 

caused by Enterobacter spp. (1.4%). Other studies had reported a similar frequency rate of UTIs 

caused by E. coli in India11.                                                                                                                            

The antibiotic sensitivity pattern of the Gram negative bacilli revealed the maximum sensitivity 

for imipenem (100%), followed by piperacillin / tazobactum (91.7%), cefoxitin (87.2%), 

amikacin (67.4%), and then nitrofurantoin (59.2%). Dalela and his colleagues12  reported similar 

results in a study from India, where most Gram negative bacilli were found to be susceptible to 

imipenem (95.1%) and piperacillin/tazobactum (71.8%).  These workers also found similar 

sensitivity result (79.6%) for cefoxitin.                                                                                                                                                

The interesting finding in this study was the low resistance detected (23.4%) to norfloxacin by 

most of the isolates. Norfloxacin showed a low resistance in comparison with higher rates 

reported in Malaysia and India13.                                                                                                                   

Also in this study, nitrofurantoin was found to have a 40% resistance rate. Sabharwal (2012)14  

found a low resistance rate to nitrofurantoin (10%), others reported a very high resistance rate to 

nitrofurantoin (80%) in patients with community acquired UTI. The high-level sensitivity of 

Gram negative isolates to nitrofurantoin may be influenced by  nitrofurantoin narrow spectrum f 

activity, limited indications for treatment (acute cystitis only), narrow tissue distribution, low  
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or undetectable serum concentrations, and limited contact with bacteria outside the urinary tract15                                                                                                                                                                      

The alarming finding observed in this study was the resistance to third generation 

cephalosporins. Maximum resistance was detected against ceftazidime (74.8%), cefotaxime 

(70.6%), and 67% against both cefipime and ceftriaxone. The possible explanation behind this 

resistance may be due to the use of these antibiotics for long periods, or due to their abuse, or the 

organisms had developed new mechanisms of mode of action. The inappropriate and empirical 

usage of wide spectrum antibiotics, insufficient hygiene, immunosuppression and a prolonged  

stay in hospital are some of the major aetiological factors that elevate the chances of multi-drug 

resistance (MDR) infections15.                                                                                                             

Furthermore, in this study the ESBL phenotypes were detected in 130 )59.6%( isolates and 

confirmed by DDST method. Non-ESBL phenotypes were detected among 40.4% of the isolates 

studied. A report from ten European countries showed that the prevalence of ESBL-producing E. 

coli and K. pneumoniae ranged from 1.5% in Germany to 39%-47% in Russia, Poland,  and 

Turkey. ESBL production reported among Gram negative bacilli by Özçakar et al. (2011)16 in 

Turkey was in agreement with results reported in this study.                                                                      

In this context, the most prevalent ESBL producers were Klebsiella pneumoniae (68.8%) and  E. 

coli (65.0%). The least prevalence of ESBL producers was observed in Pseudomonas aeruginosa 

(10%) . In Sudan, Mekki et al. (2010)17 reported a 53% frequency rate of ESBL producers from 

UTIs patients in Khartoum.                                                                                                       

ESBL- producing K. pneumoniae were by Ejaz et al. (2011)18 in Pakistan who found that the 

ESBL- producing E. coli and K. pneumoniae frequency rates were 57.4% and 71.7%              

respectively.                                                                                                                                                 

In the present context, the majority of ESBL- producing bacteria were resistant to the common 

antibiotics used for treatment of UTIs. Generally, ESBL- producing bacteria were found to be 

multidrug resistant. In ESBL- producing organisms, the high rate of antibacterial resistance is a 

serious matter of concern.                                                                                                                               

Recent studies revealed that patients with ESBL- producing organisms had significantly higher 

fatality rate than those with non-ESBL isolates19.                                                                                                                                                                 

On the other hand, ESBL- producing bacteria in this study had showed no resistance to 

imipenem (0%), and low resistance to piperacillin/tazobactam (3.8%) and cefoxitin (14.8%), and 

high resistance against ceftazidime (95.4%), cefotaxime (94.6%), and ceftriaxone (94.0%). A 

similar study in Sudan, Mekki and his colleagues (2010) found that all their isolates were 100% 

susceptible for imipenem; and both piperacillin/tazobactum and cefipime had 74.05% and 

97.09% susceptibility respectively.                                                                                                                         

These findings  were in agreement with reports of this study. However, Mekki and his co-

workers found a high resistance for cefoxitin (100%) which disagrees with findings of this 

study18.                                                                                                                                

Generally there is a need for continuous monitoring systems and effective infection control 

measures to prevent the rapid and worldwide spread of these MDR infections. Monitoring of 

ESBL production and antimicrobial susceptibility testing are necessary to avoid treatment failure 

in patients with UTI. ESBL- producers are associated with increased morbidity and mortality.  
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The early detection and reporting of suitable antibiotics can reduce the treatment failure in UTIs- 

ESBL producers. Therefore, ESBL- producing organisms should be promptly identified and 
proper implementation of infection control measures are established20.                                                                                                  

Conclusions:  Urinary isolates were susceptible to imipenem and majority of them were 

susceptible to piperacillin/tazobactum and cefepime. The resistance of norfloxacin was low 

against most of UTIs isolates. Carbapenems, piperacillin/tazobactam and fluoroquinolones 

constitute the drugs of choice for treatment of UTI infections caused ESBL-producers. In Sudan, 

ESBL beta-lactamase genes and multiple drug resistance were noticeable among most strains of 

Enterobacteriaceae, especially E. coli and K. pneumoniae.                                                              
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