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Background: While Escherichia coli (E. coli) is the most common uropathogen implicated in urinary tract
infections (UTIs) in children, some studies have found that there are different characteristics between
different uropathogens in children. The aim of this study was to compare E. coli and non-E. coli UTIs in
children with respect to their demographic data, predisposing factors, and imaging results.
Methodology: A retrospective chart review was done in children during their first admission with urine
culture confirmed UTI in a tertiary care center. We divided patients into E. coli and non-E. coli groups
according to urine culture results.
Results: Out of 202 children with their first admission for a culture-proven UTI, pathogens other than
E. coli accounted for 24.3% of UTIs. Klebsiella pneumoniae was the most common non-E. coli pathogen,
followed by Pseudomonas aeruginosa and Enterococcus species. Non-E. coli UTIs were significantly more
common in male subjects, younger children, and children with a past history of UTI or who had received
antibiotics prior to admission. In addition, higher rates of abnormalities on renal ultrasound and VCUG
were found with non-E. coli organisms.
Conclusion: There is a significant difference in demographic and imaging findings in children with non-
E. coli UTIs. These findings may impact the work-up and treatment of UTIs in the pediatric population.

© 2021 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Urinary tract infections (UTIs) are common infections in chil-
dren. UTIs are treatable infections, and local antimicrobial resis-
tance patterns are important to appropriately treat these infections.
In a recent local study, we found that Escherichia coli (E. coli) was
the predominant uropathogen causing community-acquired UTIs
in children, accounting for approximately 75% of all cases [1].
Another published local study showed that the rate of antimicrobial
resistance to common uropathogens is increasing for which
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differentiating between these pathogens would help choosing the
appropriate empirical antimicrobial coverage [2].

While our study and others have shown that E. coli is the most
common uropathogen, there are very limited local data that
compare characteristics of different uropathogens. To understand
these characteristics is of importance as it impacts themanagement
of UTIs. One study from a university hospital in Jeddah, Saudi
Arabia, found that non-E. coli UTIs were significantlymore common
in childrenwith abnormal renal ultrasound findings [3]. Two recent
studies from Korea showed that uropathogens other than E. coli
were increasingly associated with high-grade vesicoureteral reflux
(VUR) [4,5]. A European study also reached the same findings with
the risk of high-grade VUR being 26% in the presence of non-E. coli
bacteria versus only 3% in the presence of E. coli bacteria [6]. A study
from USA showed that febrile infants with enteroccocal UTIs had a
higher frequency of genitourinary abnormalities than that of
pecialist Hospital & Research Centre (General Organization), Saudi Arabia. This is an
s/by-nc-nd/4.0/).
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Table 1
Comparison of Demographic and Clinical Features of E. coli and non-E. coli UTIs in Children.

Characteristic E. coli (n ¼ 153) Non-E. coli (n ¼ 49) p-value

Male gender (n) 20 20 <0.0001
Age (years ± SD) 5.20 ± 0.28 3.72 ± 0.48 0.01
Past history of UTI (n, %) 53 (34.6) 27 (55.1) 0.012
Received antibiotics prior to admission (n, %) 38 (24.8) 22 (44.9) 0.011
Urine WBC �5 (n, %) 140 (91.5) 47 (95.9) 0.530
Negative urine nitrate (n, %) 85(55.56) 24(48.98) 0.510
Negative urine leukocyte esterase (n, %) 17 (11.1) 5 (10.2) 1.000
Abnormal renal ultrasound (n, %) 70 (48.3) 30 (66.7) 0.008
Abnormal VCUG (n, %) 63(51.7) 33(76.7) 0.01
Length of stay �7 days (n, %) 96 (62.8) 23 (46.9) 0.042
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infants with gram-negative UTIs [7]. Two regional studies both
from Israel also focused on characteristics of different uropath-
ogens in children. One study found that UTIs caused by non-E. coli
pathogens had a significant association with younger age of the
child, previous use of antibiotics, and anomalies of the urinary tract
[8]. Another study of community-acquired UTIs found that uro-
pathogens other than E. coli caused 40% of UTIs and were more
common in boys, those with underlying renal tract abnormalities,
and those who had received recent antibiotics [9].

The objectives of this study were to compare the demographic
characteristics, radiological abnormalities, and other predictors of
E. coli and non-E. coli UTIs in children in a tertiary care center in
Saudi Arabia.

2. Material and methods

We conducted a retrospective chart review of all admissions of
UTIs in children aged 0e14 years in King Abdulaziz Medical City,
Riyadh.Data for patients admitted from2006 to2012were included.
Children were excluded from the analysis if they had hospital-
acquired UTIs or if they had underlying urogenital abnormalities,
chronic renal failure, or were immunosuppressed.We defined a UTI
as the presence of both a positive urinalysis (pyuria/bacteriuria) and
a positive urine culture result of�10,000 cfu/mL in an appropriately
obtained specimen. For younger children, we considered urine
cultures collected by catheterization or by suprapubic aspirate to be
appropriate specimens in line with international guidelines. Pa-
tientswithpositive urine culturesobtained frombag collectionwere
excluded from data collection and analysis.

Data analysis was done using SAS statistical software. Significant
differences were identified at p-value <0.05. The ethics approval for
the study was obtained from King Abdullah International Medical
Research Center (KAIMRC) (Ref # RRSC/251/2012).

3. Results

Two hundred and two children with their first hospital admis-
sion for a UTI were included in the study with female patients who
accounted for 162 patients (80.2%). One hundred and fifty-three
UTIs (75.7%) were caused by E. coli, whereas 49 (24.3%) were
caused by pathogens other than E. coli. The most common non-
E. coli pathogen was Klebsiella pneumoniae, followed by Pseudo-
monas aeruginosa, Enterococcus species, Enterobacter cloacae, Pro-
teus mirabilis, and Citrobacter freundii.

Non-E. coli UTIs were much more common in male subjects
(p < 0.0001) and in younger children (p ¼ 0.01). There was also a
significant association with prior use of an antibiotic and previous
history of UTI (p ¼ 0.011 and 0.012, respectively). There were no
statistically significant differences in urinalysis finding between
E. coli and non-E. coli uropathogens. In childrenwith UTIs caused by
non-E. coli pathogens, abnormalities in renal ultrasound and VCUG
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were seen in 66.7% and 76.7% of patients, respectively, both signif-
icantly higher than in E. coli UTIs (p ¼ 0.008 and p ¼ 0.01, respec-
tively). A higher frequency of children with E. coli UTIs had a length
of stay of 1 week or less than that of non-E. coli UTIs (Table 1).

4. Discussion

In this study, we present local data that compare characteristics
of E. coli vs. non-E. coli community-acquired UTIs in children.
Several factors were found to be associated with UTIs caused by
non-E. coli uropathogens, including male sex, patients with a prior
history of UTI, and patients receiving antibiotics prior to admission.
Children with non-E. coli UTIs had higher rates of abnormalities on
renal imaging.

Our finding of non-E. coli UTIs being more common in boys is
consistentwith other studies [8,9]. One factor that increases the risk
of non-E. coli UTI in boys is the presence of renal anomalies [9]. We
also observed that history of UTI and recent antibiotic use were also
significant risk factors for non-E. coli UTIs. Previous antibiotic use is
known to be a risk factor for increase in antimicrobial resistance.

Consistent with the previously cited studies [3e9], we found
that children with non-E. coli UTIs had significantly increased rates
of abnormalities on renal ultrasound (like hydronephrosis, promi-
nence or fullness of renal pelvis, renal scar, etc.) and VUR as
compared to children with E. coli UTIs. This could be explained by
the loss of the host defense mechanism in patients with renal
anomalies that might make them more vulnerable to the less
virulent organisms [10].

While some recent studies [11e13] have suggested differences in
urinalysis results with different uropathogens, we did not observe
these differences. Thismaybe due to the relatively small sample size
in our study. We also found that childrenwith non-E. coli UTIs tend
to have a longer length of stay as compared to E. coli UTIs. This is
expected as non-E. coliUTIsmay require broader antibiotic coverage
with no available oral options for certain organisms.

We present one of the first studies done in the gulf region that
compare E. coli vs. non-E. coli UTIs in children and compared many
demographical data and investigations between the 2 groups. We
were strict in our definition of UTI to capture true UTIs. This study
was limited by being a single center retrospective study. In addi-
tion, our study included data only up to the year 2012.

5. Conclusions

In summary, non-E. coli UTIs are more common in boys and are
associated with a higher risk of renal ultrasound abnormalities and
VUR. Our findings support that children with non-E. coli UTIs need
renal tract imaging. Further research is needed to conclude
whether broadening empiric antibiotic coverage is needed in boys
admitted with community-acquired UTIs and whether differences
in urinalysis results are found with different uropathogens.



A. Al Nafeesah, K. Al Fakeeh, S. Chishti et al. International Journal of Pediatrics and Adolescent Medicine 9 (2022) 46e48
Author statement

Dr. Abdullah Al Nafeesah made substantial contributions to data
collection, data analysis, and drafting of the manuscript. Dr. Khaled
Al Fakeeh conceived the study and made substantial contributions
to the study design and data interpretation. Dr. Syed Chishty made
substantial contributions to data collection. Dr. Tahir Hameed
conceived the study, made substantial contributions to study
design, data collection, data interpretation, and was involved in
drafting of the manuscript.

Ethical statement

Regarding our manuscript “E. coli versus non-E. coli Urinary
Tract Infections in Children: a Study from a Large Tertiary Care
Center in Saudi Arabia,” before starting our study, we obtained
ethical approval from King Abdullah International Medical
Research Center (Ref # RRSC/251/2012).

Thank you for considering our manuscript in the International
Journal of Pediatrics and Adolescent Medicine, andwe look forward
to your favorable response regarding publication of our study.

Declaration of competing interest

None.

Acknowledgments

We would like to thank KAIMRC for statistical support.

Visual abstract

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijpam.2021.05.002.
48
References

[1] Hameed T, Al Nafeesah A, Chishti S, Al Shaalan M, Al Fakeeh K. Community-
acquired urinary tract infections in children: resistance patterns of uropath-
ogens in a tertiary care center in Saudi Arabia. Int J Pediatr Adolesc Med
2019;6:51e4.

[2] Al Wutayd O, Al Nafeesah A, Adam I, Babikir I. The antibiotic susceptibility
patterns of uropathogens isolated in qassim, Saudi Arabia. J Infect Dev Ctries
2018;12:946e52.

[3] Garout W, Kurdi HS, Shilli AH, Kari JA. Urinary tract infection in children
younger than 5 years. Etiology and associated urological anomalies. Saudi Med
J 2015;36(4):497e501.

[4] Kim KH, Seo SH, Lee SD, Chung JM. Analysis of uropathogens of febrile urinary
tract infection in infant and relationship with vesicoureteral reflux. Urogenit
Tract Infect 2018;13:58e65.

[5] Choi EJ, Lee MJ, Park S, Lee OK, Choi EJ, Lee MJ, et al. Predictors of high-grade
vesicoureteral reflux in children with febrile urinary tract infections. Child
Kidney Dis 2017;21:136e41.

[6] Pauchard JY, Chehade H, Kies CZ, Girardin E, Cachat F, Gehri M. Avoidance of
voiding cystourethrography in infants younger than 3 months with Escher-
ichia coli urinary tract infection and normal renal ultrasound. Arch Dis Child
2017;102:804e8.

[7] Lubell TR, Schnadower D, Freedman SB, Macias CG, Agrawal D,
Kuppermann N, et al. Comparison of febrile infants with enterococcal and
gram-negative urinary tract infections. Pediatr Infect Dis J 2016;35:943e8.

[8] Friedman S, Reif S, Assia A, Levy I. Clinical and laboratory characteristics of
non- E coli urinary tract infections. Arch Dis Child 2006;91:845e6.

[9] Marcus N, Ashkenazi S, Yaari A, Samra Z, Livni G. Non-Escherichia coli versus
Escherichia coli community-acquired urinary tract infections in children
hospitalized in a tertiary center: relative frequency, risk factors, antimicrobial
resistance and outcome. Pediatr Infect Dis J 2005;24:581e5.

[10] Honkinen O, Lehtonen O-P, Ruuskanen O, Huovinen P, Mertsola J. Cohort
study of bacterial species causing urinary tract infection and urinary tract
abnormalities in children. BMJ 199;318:770-771.

[11] Waseem M, Chen J, Paudel G, Sharma N, Castillo M, Ain Y, et al. Can a simple
urinalysis predict the causative agent and the antibiotic sensitivities? Pediatr
Emerg Care 2014;30:244e7.

[12] Shaikh N, Ellen RW, Keren R, Gotman N, Ivanova A, Carpenter MA, et al.
Predictors of non-Escherichia coli urinary tract infection. Pediatr Infect Dis J
2016;35:1266e8.

[13] Shaikh N, Shope TR, Hoberman A, Vigliotti A, Kurs-Lasky M, Martin JM. As-
sociation between uropathogen and pyuria. Pediatrics 2016;138:e20160087.
https://doi.org/10.1542/peds.2016-0087.

https://doi.org/10.1016/j.ijpam.2021.05.002
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref1
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref1
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref1
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref1
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref1
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref2
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref2
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref2
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref2
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref3
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref3
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref3
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref3
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref4
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref4
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref4
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref4
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref5
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref5
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref5
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref5
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref6
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref6
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref6
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref6
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref6
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref7
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref7
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref7
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref7
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref8
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref8
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref8
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref9
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref9
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref9
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref9
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref9
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref11
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref11
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref11
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref11
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref12
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref12
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref12
http://refhub.elsevier.com/S2352-6467(21)00049-1/sref12
https://doi.org/10.1542/peds.2016-0087

	E. coli versus Non-E. coli Urinary Tract Infections in Children: A Study from a Large Tertiary Care Center in Saudi Arabia
	1. Introduction
	2. Material and methods
	3. Results
	4. Discussion
	5. Conclusions
	Author statement
	Ethical statement
	Declaration of competing interest
	Acknowledgments
	Visual abstract
	References


