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ABSTRACT
Background: Childhood urinary infections are among the most common febrile illnesses occurring during this period with varying 
susceptibility to antibiotic. Aim: The aim of this study was to identify uropathogens responsible to for urinarytract infection (UTIs) in 
children less than 5 years of age, and determine the antibiograms of the isolates to commonly used antibiotics. Patients and methods: 
Hundred and four children (2 months - 5 years old) seen at the Gadarif Teaching Hospital from January 2012 and December 2013 were 
evaluated. A urine specimen was obtained by a plastic bag with an adhesive backing around an opening or by direct voiding into sterile 
container. Urine was examined microscopically and those with significant pyuria and bacteruria were further cultured and microor-
ganisms were identified and tested for antimicrobial susceptibility.Results: Out of 304 children suffering from UTIs; 145(47.7%) had 
significant pyuria of them; 54(17.8 %) had positive bacterial growth. The frequency of sex and residency were almost the same. E. coli 
(42.6%) was the most common uropathogen, sensitive to ciprofloxacin (91.3%), followed byPseudomonas aeruginosa(29.6%) sensitive to 
Ciprofloxacin (75%)and Norofloxacin (68.8%),Klebsiellapneumoniae(18.5%) sensitive to Ciprofloxacin and Norofloxacin and Nalidixic 
acid (90% ) and Proteus mirabilis sensitive to Ciprofloxacin and Norofloxacin (90%), Amoxicillin / clavulanic acid (Augmentin(80%). 
Conclusion: The most common uropathogens were E. coli, Pseudomonas aeruginosa,Klebsiellapneumoniae, and Proteus mirabilis. 
Ciprofloxacin is the recommended initial empirical therapy while awaiting the culture and sensitivity results.
Keywords: pediatrics, urinary tract infection, antimicrobial, sensitivity, resistance.

1. INTRODUCTION
Urinary tract infection is the most common febrile ill-

ness in pediatric second to otitis media and pharyngitis. It 
accounted for 10% of all febrile illnesses in children (1, 2, 
3). Long-term complications of urinary tract infection in 
children include unilateral renal parenchymal defect and 
unilateral kidney retarded growth. The glomerular filtra-
tion rate and blood pressure do not change indicating a 
very low for serious renal damage (4).

It is more common in preterm babies (4-25%) than term 
ones (1%) (5). In early life, it is more common in males 
than female then it decline rapidly in the prepubertal life 
girls experienced more episodes of UTIs than males, 8% 
compared to 2% respectively (6, 7).

Escherichia coli for many years remain the most com-
mon isolates causing UTI in children (60–92%). Other 
common organisms include Klebsiella, Proteus, Entero-
bacter spp. and Enterococcus (8-10). Diagnosis of UTI may 
in children is simple usually urine analysis and cultures 
are enough to establish the diagnosis. The most difficult 
task is to established appropriate therapy. The develop-
ment of multidrug resistance strains makes treatment is-
sue among the most controversial issues in children.

In Africa, UTIs in children is a common and complex 
problem due to co-infection with other febrile illnesses 
(11). High frequency rate of infection was reported by 

many authors due to co-existence of multiple risks fac-
tors. In Sudan, no prior studies on UTIs in children were 
conducted. The aim of this study was to identify uropatho-
gens responsible for urinary tract infection in children 
fewer than 5 years of age, and determine the antibiograms 
of the uropathogens to commonly used antibiotics. More-
over, to provide the foundation for prevention programs, 
and making policy decisions.

2. METHODS AND SUBJECTS
This prospective cross-sectional study was conducted 

at Gadarif Teaching Hospital, in Gadarif State, Eastern 
Sudan, during the period from June 2011 to June 2012. It 
is the biggest hospital of the state and there are 800 beds 
to maintain health services for the whole Gadarif State. 
.The study was approved by theHospital Ethical commit-
tee.

A total of 304 children under 5 years of age who ful-
filled criteria for case definition of UTI were included in 
the study. Inclusion criteria were children under 5 years 
of age who suffered from (dysuria), (fever and dysuria), 
(dysuria and vomiting), (Dysuria, fever and vomiting), 
(Polyuria and suprabubic pain), (Fever), (Fever and vomit-
ing), (Fever and diarrhea), (Fever, vomiting and diarrhea), 
(Vomiting), (Vomiting and diarrhea) or (Diarrhea) were 
eligible to be enrolled in the study (12). Children excluded 
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from the study, were those already on antibiotic or known 
to suffer from other underlying conditions.

2.1. Specimens’ collection
The urine sample was collected by two different tech-

niques. For children less than 3 years of age the specimens 
were collected by a disposable apparatus consisting of a 
plastic bag with an adhesive backing around an opening 
that can be fastened to the perineal area or around the 
penis to permit direct voiding into the bag .The uretheral 
area was cleaned thoroughly before applying the collec-
tion bag. The specimen bag was carefully removed, and 
the urine transferred to a sterile urine container. Then the 
collected urine was analyzed immediately (Fischbach and 
Dunning , 2004) (13). For children above the age of 3 years 
3-5 ml of urine were collected into sterile container.

2.2. Urine examination
Urine samples were centrifuged at 2000 revolution per 

minute for 5 minutes. Wet film of urine deposits were mi-
croscopically examined for pus cells, RBCs, crystals, cast, 
bacterial cells. Finding of more than 5 white blood cells 
per high-power field in centrifuged fresh urine was con-
sidered a satisfactory positive screening test for UTI (15).

Semi-quantitative method was done byusing a calibrat-
ed loop ( 0.001ml) of un centrifuged urine , a loopfull was 
spread on Cystine lactose electrolyte deficient (CLED) 
agar .This CLED was incubated aerobically over night at 
37o C if no growth further incubation for 48 hours, the 
growth of 100 colony forming units by this method indi-
cates the presence of 105 bacteria per ml of urine (Michael 
L et. al, 2004) [16] . The bacterial growth estimation of 
(105)bacteria per ml or more was considered UTI; A count 
of 10.000–49.000bacteria/ ml was considered significant 
with a signs of acute infection (presence of pyuria). The 
count of 10 colonies and above with presence of pyuria 
indicate significant bacteriuria.

Bacteriological Identification for significant specimen 
on presumptive colony was identified using: colonial 
morphology (16), gram stain (17), and biochemical test 
s such as:  indole, citrate, oxidase, H2S production, MR-
VP, lactose fermentation, urea hydrolysis, gas production, 
catalase, coagulase previously discuss by Bartet al. (18).

2.3. The Analytical Profile Index (API) systems

Analytical Profile Index (API-20E) system was per-
formed for confirmation of identification as previously 
mentioned by (Ahmed MI, 2012) to identify members of 
the family Enterobacteriaceae and associated organisms 
(BioMerieux, Inc. Hazelwood, MO., France).

2.4. Antimicrobial susceptibility test
The “disc diffusion method” were employed by stan-

dardize filter paper discs impregnated with fixed amounts 
of antimicrobial drugs.

3. RESULTS
A total of 304 (100%) children suffering from UTIs with 

the mean age 1.97±1.061 years were included in this study. 
The majority of these children 203 (66.7 %) were less than 
two years of age, and more than half of them were male 
174 (57.2%). Significant pyuria and bacteriuria was de-
tected in 47.7 %( n=145) of the total studied subjects; in 
250 (82.2%) no potential pathogens were isolated. The fre-
quency of UTI was also equal in urban and rural settings 
(51% vs. 49%). Of them; only 17.5% (n=54) had positive 
bacterial growth. The majority 46.3 % (n=25) of subjects 
were less than 1 year of age, followed by age group 1 to 
2 years 20.4%,and 16.7% for both 2 to 3 and more than 3 
years of age.

The most common bacterial isolates were Escherichia 
coli - 23 (42.6%) followed by Pseudomonas aeruginosa -16 
(29.6%), Klebsiellapneumoniae - 10(18.5%), and Proteus 
mirabilis - 5 (9.3%) as identified by conventional biochem-

Isolates 
Antibiotics

Ciprofloxacin % Norofloxacin % Nalidixic acid% Nitrofurantoin%
S I R S I R S I R S I R

E.coli 87 4.3 8.7 91.3 0.0 8.7 69.6 4.3 26.1 73.9 8.7 17.4
Ps.aeruginosa 75 18.8 6.3 68.8 18.8 12.5 25 6.3 68.8 25 0.0 75
K.pneumoniae 100 0 0 100 0 0 90 10 0 0 0 100
Pr.mirabilis 100 0 0 100 0 0 60 20 20 40 60 0

Table 1a. Uropthogens and their susceptibility to antimicrobials agents in children with urinary tract infection

Isolates 
Antibiotics

Augmentin % Co-trimoxazole% Cephalexin% Ceftriaxone%
S I R S I R S I R S I R

E.coli 8.7 0.0 91.3 0 0 100 4.3 0.0 95.7 69.6 17.4 13
Ps.aeruginosa 31.3 12.5 56.2 31.3 6.3 62.5 12.5 6.3 81.2 6.3 50 43.8
K.pneumoniae 20 0 80 10 0 90 10 0 90 30 10 60
Pr.mirabilis 80 20 0 20 20 60 20 20 60 40 20 40

Table 1b. Uropthogens and their susceptibility to antimicrobials agents in children with urinary tract infection
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ical tests Figure 1. Furthermore, the rapid and accurate 
test of identification organisms (API identification sys-
tem) for Enterobacteria used to confirm the conventional 
identification methods results showed typical results.

In males, the predominant uropathogens during the 
first year of life was Klebsiella pneumonia 46.7 %, while 
E.coli and Proteus mirabilis constituted 13.3% of isolates 
for each, after the first year of life the Escherichia coli iso-
lates predominated 100% Figure 2.

In females, both Escherichia coli and Pseudomonas 
aeruginosawere the predominating isolates up to 5 years 
with few Proteus mirabilis infection Figure 3.

3.1. Antimicrobial Susceptibility
The antimicrobial susceptibility of all isolates is shown 

in Tables 1a and 1b. E. coli isolates was resistance against; 
Augmentin 91.3%, cotrimoxazole 100%, Cephalexin 
95.7%, and Nalidixic acid 26.1%. However E. coliisolates 
were highly susceptible to Norofloxacin91.3%, ciroflxacin 
87% and Nitrofurantoin 73.9% intermediate sensitivity is 
shown on the tables.

Ps.aeruginosawas shown resistant against; Cephalexin 
81.2%, Co-trimoxazole 62, 5%, Nitrofurantoin 75%, Aug-
mentin56.2% and Ceftriaxone43.8%. On other handPs.
aeruginosa isolates were susceptible; to Ciprofloxacin 
75%, and norfloxacin 68.8%.

Both K.pneumoniaeand Pr.mirabilis were high suscep-
tible; to ciprofloxacin (100%),and (Norofloxacin) 100%. 
K.pneumoniaeisolates were 90% sensitive to Nalidixic 
acid compared to 60% forPr.mirabilis .K.pneumoniaeiso-
lates showed 100% resistance to Nitrofurantoin.

4. DISCUSSION
In this study, of all subjects with significant pyuria (145, 

47.7%), 54(17.8%) had positive bacterial growth. The risk 
of developing UTIs in these children under was almost 

equal among males (51.9%) and females (48.1%) and rural 
and urban residency was similarly affected. The majority 
of subjects 36 (66.7 %) were less than two years of age. 
E. coli (42.6%) was the most predominant uropathogen, 
sensitive to ciprofloxacin (91.3%), followed by Pseudomo-
nas aeruginosa (29.6%) sensitive to Ciprofloxacin (75%) 
and Norfloxacin (68.8%), Klebsiellapneumoniae (18.5%) 
sensitive to Ciprofloxacin and Norfloxacin and Nalidixic 
acid (90%) and Proteus mirabilis sensitive to Ciprofloxa-
cin and Norfloxacin (90%), Amoxicillin / clavulanic acid 
(Augmentin(80%].

Furthermore, the study showed that the incidence of 
first episode of UTIs was similar in both sexes in during 
the first year of life and thereafter, females had the higher 
incidence of UTIs than males. Studies from Sweden have 
shown similar findings (19, 20).

This study documented a high frequent occurrence of 
urinary tract infections (17.8%), and bacteremia among 
febrile under-fives attending Maternity and Children 
hospital Gadarif, Eastern Sudan. This finding does not 
represent the true prevalence of UTIs in Gadarif district 
because the nature of the study was a hospital-based, only 
patients with severe disease and those who live nearby 
reported to the hospital while those living far or have fi-
nancial constraints, or lack of transportation. Empirical 
treatment of all fever with antibiotics and antimalarial is 
a common practice in the developing nations. A higher 
prevalence rate (20.3%) of UTIS was reported in Afric 
(21). Frequency of UTIs in the developing countries is 
very high than 3.3% and 9% rates quoted from developed 
countries (22, 23).

It has been found that the earlier the development of 
UTIs in life, the higher chance of developing recurrent 
UTIs, furthermore, the risk of recurrent UTIs increased 
significantly when the first infection is caused by a non-E. 
Coli strain (25). In this study, we found that the dominant 
uropathogen was E. coli followed by Pseudomonas aeru-
ginosa, Klebsiellapneumoniae and Proteus mirabilis. In 
Sudan, a similar study conducted on adult populations 
showed that E. coli of least occurrences (6%), while the 
dominant organism was P. aeurginosa (37%) (26).

Our findings are in agreement with some previous stud-
ies, which have shown that Escherichia coli were the com-
monest organism isolated from urine samples (24, 27). 
Furthermore, and in a study it was found that it account-
ed for 75% of all UTIs in all pediatrics of all age group 
followed by Klebsiellapneumoniae, Proteus mirabilis and 
Pseudomonas aeruginosa (28, 22). A recent study exam-
ined the pathogens and their susceptibility in the first 
episode of UTIS showed that 96.1% of the isolate were 
Escherichia coli with high susceptibility to aminoglyco-
sides, ciprofloxacin and nitrofurantoin; third generation 
cephalosporins, and low susceptibility to cephaloxin (29).

E. coli isolates in this study were highly sensitive (near 
100%) to ciprofloxacin, Norfloxacin, and nalidixic acid. 
Unfortunately, it showed high resistant to commonly 
used antibiotics (Augmentin, Cephalexin and -trimoxaz-
ole) (near 100%). Similar findings from Tanzania reported 
that E. coli is the dominant organism as a cause of UTIs in 
children under-fives, and it is sensitive to fluoroquinolo-
nes and resistant to third- and fourth-generation cephalo-
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Figure 2. Distribution of uropathogens in males according to age group
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sporin’s (1). Similar studies were concluded in Marrakech 
[30] and in Kashmir (31) concluded that Escherichia coli 
were the most predominant isolate, followed by Klebsi-
ellapneumoniae and Pseudomonas aeruginosa. However, 
they differ in the antibiotic sensitivity pattern, in Mar-
rakech third generation cephalosporin’s and aminosides 
kept their effectiveness on the majority of isolates were 
the most effective treatment while, in the latter study, E. 
coli isolates were fully sensitive to ofloxacin, and cefu-
roxime. The high sensitivity to ciprofloxacin In this study 
may be explained by the fact that it is not one the com-
monly used drug for children due to their questionable 
safety in children.

The development of multi-drugs resistance (MDR) to 
commonly used antibiotics in the developing world could 
be due to drug misuse, this misuse over time, will lead to 
greater levels of mutation in bacteria, leading to high lev-
els of bacterial resistance. Moreover, antibiotics are used 
as growth promoters to control infectious disease may 
lead to the development of MDR due to change in the ge-
netic composition of bacteria.

In this study, Pseudomonas aeruginosa was found to be 
resistant to many antibiotics, and only appreciable sus-
ceptibility was found with Ciprofloxacin and Norfloxacin 
(near70%). Many studies have demonstrated that Pseudo-
monas aeruginosa is becoming multi-drug resistant or-
ganism (31, 32). Furthermore, results from United States 
and European hospitals indicated that Pseudomonas 
aeruginosa exhibited lower susceptibility rates to many 
antimicrobial drugs in Europe compared to) compared 
to USA(33-35). There is no report on current literature 
showed there are satisfactory antimicrobials that provid-
ed a satisfactory coverage for this organism. This means 
that treatment of UTI in the absence of susceptibility will 
results in long-term complications of UTIs and the emer-
gence of multi-resistant organisms.

Antibiotic resistance rates in uropathogens are rapidly 
growing, especially with regard to E. coli infections. For 
all uropathogens culture and sensitivity of the isolates re-
mains the only solution to decrease multi-drug resistance 
strains, and it should be done as a routine before advocat-
ing the therapy. Antibiotic abuse is of serious concern in 
the developing world, and a restriction of their uses in the 
community to a retard development of further drug resis-
tance is important. Drug-resistant E. coli are readily ac-
quired through the food and water; therefore, public and 
personal hygiene are the essential component of this cir-
cuit. Prescribing medications while awaiting culture may 
lead to increase in MDR strains. Future researchers may 
be able to change our practice in solving this problem.

5. CONCLUSION
The most common uropathogens were E. coli, Pseudo-

monas aeruginosa, Klebsiellapneumoniae, and Proteus 
mirabilis. Ciprofloxacin is the recommended initial em-
pirical therapy while awaiting the culture and sensitivity 
results.
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