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	 Abstract: Background: This cross-sectional study was conducted on 232 infants aged <1 month with 
proven UTI admitted to three major teaching hospitals for the period 2010-2018 to assess clinical, 
demographic, and laboratory findings of urinary tract infection in this age group.  

Methods: All information was extracted from the medical records. Urinary tract infection was defined 
as ≥ 50,000 colony-forming units per milliliter of a single uropathogen isolated from a catheterized or 
suprapubic aspiration or greater than 100,000 colony-forming units per milliliter from a midstream, 
clean-catch sample. 

Results: The most common pathogen isolated was E. coli (78.4%), followed by Enterobacter and 
Klebsiella, accounting for 12.1 and 4.7% respectively. The main presenting clinical manifestation was 
jaundice, which was found in 54.7% of cases; it was followed by restlessness (45.6%) and fever (40%). 

Conclusion: During infancy, the signs and symptoms of UTI are often nonspecific and although urine 
culture is a gold standard diagnostic tool specimen collection is challenging and urine contamination is 
common in children, therefore it makes the diagnosis difficult. UTI in infants may indicate underlying 
genitourinary abnormalities; therefore, appropriate diagnosis and immediate initiation of antibiotic 
therapy are crucial to decrease long-term complications like renal scarring. According to our study, the 
most common clinical features were jaundice, restlessness, and fever, therefore it is suggested that 
urine culture should be performed for all infants presenting with these signs and symptoms.	
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1. INTRODUCTION 

 Urinary tract infection (UTI) is one of the most common 
infectious diseases during infancy that may be ignored be-
cause in many cases it is not associated with specific clinical 
signs and symptoms [1-4]. In the first 6 months of life, the 
occurrence of UTI in male infants decreases and in females 
increases simultaneously [5]. The incidence of UTI is ap-
proximately 0.7% in females and 2.7% in uncircumcised 
males within the first year of life [6, 7]. UTI may be associ-
ated with genitourinary tract abnormalities, however, it can 
occur in the setting of normal anatomy [8]. The majority of 
UTI cases appear to be caused by ascending bacteria from 
the periurethral area [6, 9-11]. Hematogenous spread can 
also occur but it is more common in the first few months of 
life [5]. Gram-negative bacteria are the most common path-
ogens causing UTIs in children and adults. Similar to other 
age groups, Escherichia coli (E. coli) is the most common 
bacterial etiology for neonatal UTI, which is found in  
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approximately 80% of neonatal cases [3, 12-14]. Other en-
teric gram-negative bacteria can also cause UTI, including 
Klebsiella, Pseudomonas, Proteus, Enterobacter, and 
Citrobacter spp [3, 4]. UTI is usually diagnosed when in-
fants are screened for fever because it may be the only pre-
senting manifestation of UTI in this age group. Newborns 
are at higher risk for disseminated bacteremia, septicemia 
and severe related complications due to cellular and humoral 
immune system insufficiencies during infancy [15, 16]. It is 
suggested that urine culture should be considered for all 
infants with fever (≥ 38°C), weight loss, poor feeding, pro-
longed jaundice, vomiting, diarrhea, tachypnea and other 
suspicious signs and symptoms. The clinical manifestations 
in premature infants are similar [15, 17-20]. UTI occurs 
frequently during infancy and if there is a delay in diagnosis 
and proper treatment it can lead to severe irreparable com-
plications like permanent kidney scar that can be prevented 
with immediate and appropriate antibiotic treatment [13]. 
Because of the importance of early diagnosis and treatment 
of UTI in infants, we conducted this cross-sectional cohort 
study to evaluate the epidemiological, clinical and microbio-
logical characteristics and also laboratory findings of UTI in 
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infants <1 month in three major teaching hospitals from 
2010 until 2018 in Khoramabad, Iran. 

2. MATERIALS AND METHODS 

 This cross-sectional cohort study was conducted on 232 
infants <1 month of age with proven UTI diagnosis admitted 
to three major teaching hospitals (Shahid Rahimi, Shahid 
Madani and Asalian Hospitals) that serve a population of 
about 400,000 people, from 1st January 2010 to 31st Decem-
ber 2018 in Khoramabad, Iran. During this period, 6800 
infants aged <1 month were seen in the mentioned hospitals. 
Our study included 232 (3%) infant patients who were diag-
nosed with UTI: 197 cases at Shahid Madani Hospital, 20 
cases at the Asalian Hospital and 15 cases at the Shahid 
Rahimi Hospital. All cases were identified retrospectively 
through medical records. All information including initial 
clinical manifestations, gestational age, gender, age on ad-
mission, past medical history, method of urine collection, 
laboratory results and discharge diagnosis were extracted 
from the medical records. Patients with nosocomial urinary 
tract infection, congenital metabolic disorders, infants with 
severe systemic diseases including congenital metabolic 
disorders, neuromuscular diseases, malignancy, acquired or 
congenital immunodeficiency and also infants with genitou-
rinary devices were excluded from our study (Fig. 1). All 

urine samples were collected by urinary bladder catheteriza-
tion or suprapubic approach. All cases had evidence of posi-
tive urine culture in their medical records according to the 
definition of UTI in clinical guidelines issued in 2011 for 
the diagnosis and management of UTI. Based on these 
guidelines a positive urine culture for UTI is defined by the 
isolation of a single uropathogen at a density of greater than 
50,000 colony-forming units (CFUs)/mL from a catheter-
ized or suprapubic aspiration, or greater than 100,000 
CFU/mL from a midstream, clean-catch sample [21]. 
 Approval to conduct this research was obtained from the 
Ethics Committee of Lorestan University of Medical Sci-
ences (IR.LUMS.REC.1397.198). This manuscript con-
forms to the Helsinki Declaration as well. 
 Data were analyzed using the IBM SPSS for Windows, 
Version 21.0 (IBM Corp., Armonk, NY, USA) and the cate-
gorical data are expressed as percentage and shown by ta-
bles. Continuous data are shown as mean ± SD. 

3. RESULTS 

 The study population consisted of 232 infants aged be-
low 1 month with confirmed UTI, including 125 females 
(54%) and 107 males (46%). All male infants were uncir-
cumcised. Gestational age was not available for 20 (9%) 

 
Fig. (1). Flowchart of the study. 
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infants, out of 212 cases, 22 infants (10%) were preterm 
(20-37 weeks) and 190 infants (90%) were full-term. For 
212 cases with recorded gestational age, the mean gestation-
al age was 37.61 ± 1.288 weeks, data from 20 cases were 
not available. 127 infants (55%) were delivered by vaginal 
delivery and 105 infants (45%) by caesarian section. All 
infants were between 1 and 29 days old and the median age 
on admission was 16.62 ± 7.09 days. According to the med-
ical records, 121 infants (52%) were exclusively breastfed, 
49 infants (21%) were fed on formula and 62 infants (27%) 
were fed from both. Overall, the common manifestations at 
presentation were jaundice (54.7%), restlessness (45.6%), 
fever (40%), irritability (13.7%), weight loss (10.3%), poor 
feeding (9.9%) and poor weight gain (6%) (Table 1). We 
evaluated all available laboratory findings including the 
presence of white blood cells (WBCs), red blood cells 
(RBCs) and the nitrite test result in the first sterile urine 
sample. The erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) level were also assessed as inflam-
matory markers in the blood sample. All of our cases 
(100%) had more than 5 WBCs/HPF in urinalysis. The re-
sult of the urine nitrite test was positive for 138 cases 
 
Table 1. Common clinical manifestations. 

Signs and Symptoms n 

Fever 7 

Fever + Restlessness 32 

Fever + Poor feeding 16 

Fever + Jaundice 6 

Fever + Jaundice + Restlessness 10 

Fever + Poor feeding +Restlessness 6 

Fever + Restlessness + Irritability 8 

Fever + Restlessness + Poor weight gain 1 

Fever + Irritability 5 

Fever + Poor weight gain + Jaundice 2 

Jaundice 62 

Jaundice + Poor weight gain + Restlessness 4 

Jaundice + Restlessness 19 

Jaundice + Restlessness + Irritability 1 

Jaundice + Poor weight gain 1 

Jaundice + Weight loss 21 

Jaundice + Poor weight gain + Irritability 1 

Restlessness 5 

Restlessness + Irritability 17 

Restlessness + Weight loss 3 

Poor weight gain 4 

Poor weight gain + Poor feeding 1 

(59.5%). A total of 40 infants (17.2%) had more than 5 
RBCs/HPF in the urine sample (Table 2). In terms of in-
flammatory markers in the blood sample, for 219 infants 
(94.4%) CRP levels were greater than 5mg/L and ESR lev-
els were above 10 mm/h in all patients (100%). A total of 60 
patients had leukocytosis ≥ 15000/mm3. The mean value of 
WBCs/mm3 was 12294 ± 4466 (Table 3). We also evaluated 
the results of the urine culture of all patients and it was 
shown that the most common pathogen isolated was E. coli 
(78.4%), followed by Enterobacter and Klebsiella, account-
ing for 12.1 and 4.7% respectively. Other microorganisms 
such as Proteus spp. and coagulase-negative staphylococ-
cus were relatively rare (Table 4). 229 patients had renal 
ultrasonography results in their medical records, of which 
79 cases (34.5%) had abnormalities on renal ultrasound. 
Table 2. Urinalysis findings. 

Variable - N (%) 

Nitrite test 
Positive 138 (59.5) 

Negative 94 (40.5) 

WBCs > 5/HPF - 232 (100) 

RBCs > 5/HPF  - 40 (17.2) 
Abbreviations: WBC, White blood cell; RBC, Red blood cell; HPF, High-power 
field. 

 
Table 3. Laboratory findings. 

Variable N (%) 

CRP > 5mg/L 219 (94.4) 

ESR > 10 mm/h 232 (100) 

Blood counts with WBCs ≥ 15000/mm3 60 (25.8) 

Mean WBCs/mm3 ± SD 12294 ± 4466 
Abbreviations: CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; WBC, 
White blood cell. 

 
Table 4. Distribution of etiological agents. 

Etiological Agents N (%) 

  E. coli 182 (78.4) 

Enterobacter spp. 28 (12.1) 

Klebsiella spp. 11 (4.7) 

Coagulase negative Staphylococcus 7 (3.0) 

Proteus spp. 4 (1.7) 

Total 232 (100) 

Abbreviation: E. coli, Escherichia coli. 

4. DISCUSSION 

 This cohort study aims to address clinical and laboratory 
findings about UTI in infants aged below 1 month. The in-
cidence of UTI is approximately 0.7% in females and 2.7% 
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in uncircumcised males within the first year of life [6, 7]. In 
our study, all infected male infants were uncircumcised 
which is in accordance with previous studies [3, 8, 22, 23]. 
During infancy, the incidence of UTI in boys is higher than 
in girls [22]. After one year of age, females are much more 
likely than males to develop UTI [5]. However, we did not 
find a significant difference between genders having UTIs. 
In our study, a total of 125 cases (53.9%) were female and 
107 cases (46.1%) were male. Most UTIs in infants are 
caused by gram-negative bacilli; Escherichia coli accounts 
for 85 to 90% of cases [3]. In our study, E. coli was isolated 
in 78.4% of patients, followed by Enterobacter and 
Klebsiella, accounting for 12.1 and 4.7% respectively. In the 
neonatal period, the clinical manifestations of UTI are often 
nonspecific, making the diagnosis difficult. A neonate may 
present with anorexia, poor feeding, diarrhea, vomiting, 
lethargy, irritability, temperature instability, or prolonged 
jaundice. Foul-smelling urine is a rare manifestation, but a 
more specific symptom of UTI for infants [5, 19]. In our 
cohort, the main presenting clinical manifestation was jaun-
dice, which was found in 54.7% of cases; it was followed by 
restlessness (45.6%) and fever (40%). The gold standard 
method of assessing pyuria has been centrifugation of the 
urine sample and microscopic analysis, the presence of ≥ 5 
white blood cells per high-power field (HPF) is defined as 
pyuria [21]. However, pyuria is not diagnostic of UTI [24, 
25]. It has a specificity of approximately 81% and a sensi-
tivity of 73% [21]. In our study, all cases (100%) had more 
than 5 WBCs/HPF in urinalysis. A nitrite test is not sensi-
tive enough to rule out UTI, particularly for infants, because 
they empty their bladders frequently and there is no ade-
quate time for the conversion of nitrate into nitrite. Addi-
tionally, infection with non-nitrate-reducing bacteria (e.g., 
Pseudomonas spp., Enterococcus spp., Staphylococcus sap-
rophyticus) may lead to a false-negative test result. The pos-
itive nitrite test can be helpful because it is highly specific 
[5, 21]. Based on the results of our search, out of 232 cases, 
138 infants (59.5%) had positive nitrite tests and 94 infants 
(40.5%) had negative nitrite test results. Occurrence of UTIs 
in the first 3 days of life is very rare (0%–1%) in the United 
States [8] and higher in developing countries up to 1.8% 
[26, 27]. Our results also did not report the occurrence of 
UTI on the first day of birth. 

5. STUDY LIMITATIONS 

 The main limitation of our study comes from its retro-
spective nature, and some data could have been missing or 
incomplete. Our study was only limited to hospitalized in-
fants <1 month with confirmed UTI, therefore our findings 
may not apply to the general pediatric population. We also 
excluded a significant number of cases due to our restricted 
inclusion criteria or negative urine culture, because they 
may have used antibiotics before being visiting the hospital. 

CONCLUSION 

 The purpose of this study was to assess the common 
presenting clinical and laboratory findings of infants aged 
below 1 month with UTI. During infancy the clinical mani-
festations of UTI are often nonspecific, making the diagno-
sis difficult. UTI in infants may indicate an underlying renal 
disorder; therefore, appropriate diagnosis and prompt initia-

tion of therapy are crucial to decrease long-term complica-
tions like renal scarring. In our study the most common clin-
ical manifestations were jaundice, restlessness and fever, 
therefore our findings suggest that urine culture should be 
performed for all infants presenting with these clinical man-
ifestations. Additional prospective studies should be per-
formed to overcome limitations and follow up on the pa-
tients and the long-term complications of UTI. 

LIST OF ABBREVIATIONS 

CRP = C-Reactive Protein 
ESR = Erythrocyte Sedimentation Rate 
RBCs = Red Blood Cells 
UTI = Urinary Tract Infection 
WBCs = White Blood Cells 

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 

 Approval to conduct this research was obtained from the 
Ethics Committee of Lorestan University of Medical Sci-
ences, Iran, with the approval number 
(IR.LUMS.REC.1397.198). 

HUMAN AND ANIMAL RIGHTS 

 No animals were used in this research. All human re-
search procedures followed were in accordance with the 
ethical standards of the committee responsible for human 
experimentation (institutional and national), and with the 
Helsinki Declaration of 1975, as revised in 2013. 

CONSENT FOR PUBLICATION 

 Informed consent was obtained from all participants. 

STANDARDS OF REPORTING 

 STROBE guideline has been followed. 

AVAILABILITY OF DATA AND MATERIALS 

 Not applicable. 

FUNDING 

 None. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES 
[1] Chesney RW, Carpenter MA, Moxey-Mims M, et al. Randomized 

intervention for children with vesicoureteral reflux (RIVUR): Back-
ground commentary of RIVUR investigators. Pediatrics 2008; S5: 
233-9. 

[2] Keren R, Shaikh N, Pohl H, et al. Risk factors for recurrent urinary 
tract infection and renal scarring. Pediatrics 2015; 136(1): e13-21. 



Infectious Disorders - Drug Targets, 2023, Vol. 23, No. 3 e161122210959 Karamian et al. 

18 

http://dx.doi.org/10.1542/peds.2015-0409 PMID: 26055855 
[3] Millner R, Becknell B. Urinary tract infections. Pediatr Clin North 

Am 2019; 66(1): 1-13. 
http://dx.doi.org/10.1016/j.pcl.2018.08.002 PMID: 30454735 

[4] Song JY, Yoo S, Lim TJ, et al. Ampicillin-sulbactam monotherapy in 
infants with febrile urinary tract infections. Pediatrics 2021; 63(4): 
430-5. 
http://dx.doi.org/10.1111/ped.14454 

[5] Leung AKC, Wong AHC, Leung AAM, Hon KL. Urinary tract infec-
tion in children. Recent Pat Inflamm Allergy Drug Discov 2019; 
13(1): 2-18. 
http://dx.doi.org/10.2174/1872213X13666181228154940 PMID: 
30592257 

[6] Chang SL, Shortliffe LD. Pediatric urinary tract infections. Pediatr 
Clin North Am 2006; 53(3): 379-400, vi. 
http://dx.doi.org/10.1016/j.pcl.2006.02.011 PMID: 16716786 

[7] Simões e Silva AC, Oliveira EA. Update on the approach of urinary 
tract infection in childhood. J Pediatr 2015; 91(6): S2-S10. 
http://dx.doi.org/10.1016/j.jped.2015.05.003 PMID: 26361319 

[8] Arshad M, Seed PC. Urinary tract infections in the infant. Clin Peri-
natol 2015; 42(1): 17-28, vii. 
http://dx.doi.org/10.1016/j.clp.2014.10.003 PMID: 25677994 

[9] Clark CJ, Kennedy WA II, Shortliffe LD. Urinary tract infection in 
children: When to worry. Urol Clin North Am 2010; 37(2): 229-41. 
http://dx.doi.org/10.1016/j.ucl.2010.03.009 PMID: 20569801 

[10] Shaikh N, Hoberman A. Urinary tract infections in children: Epide-
miology and risk factors. UpToDate 2022. 

[11] Schlager TA. Urinary tract infections in infants and children. Infect 
Dis Clin North Am 2003; 17(2): 353-365, ix. 
http://dx.doi.org/10.1016/S0891-5520(03)00009-6 PMID: 12848474 

[12] Hanna-Wakim RH, Ghanem ST, El Helou MW, et al. Epidemiology 
and characteristics of urinary tract infections in children and adoles-
cents. Front Cell Infect Microbiol 2015; 5: 45. 
http://dx.doi.org/10.3389/fcimb.2015.00045 PMID: 26075187 

[13] Falup-Pecurariu O, Leibovitz E, Vorovenci C, et al. First UTI episode 
in life in infants <1 year of age: Epidemiologic, clinical, microbiolog-
ic and disease recurrence characteristics. Pediatr Neonatol 2020; 
61(6): 613-9. 
http://dx.doi.org/10.1016/j.pedneo.2020.07.008 PMID: 32819848 

[14] Chen LJ, Chen PJ, Yang SF, Chen JY. Causative organisms and an-
timicrobial susceptibility in jaundiced infants with significant bacteri-
uria. J Chin Med Assoc 2022; 85(4): 514-8. 
http://dx.doi.org/10.1097/JCMA.0000000000000698 PMID: 
35120356 

[15] Bell LE, Mattoo TK. Update on childhood urinary tract infection and 
vesicoureteral reflux. Semin Nephrol 2009; 29(4): 349-59. 
http://dx.doi.org/10.1016/j.semnephrol.2009.03.011 PMID: 19615556 

[16] Becknell B, Schober M, Korbel L, Spencer JD. The diagnosis, eval-
uation and treatment of acute and recurrent pediatric urinary tract in-
fections. Expert Rev Anti Infect Ther 2015; 13(1): 81-90. 
http://dx.doi.org/10.1586/14787210.2015.986097 PMID: 25421102 

[17] Zorc JJ, Kiddoo DA, Shaw KN. Diagnosis and management of pedi-
atric urinary tract infections. Clin Microbiol Rev 2005; 18(2): 417-22. 
http://dx.doi.org/10.1128/CMR.18.2.417-422.2005 PMID: 15831830 

[18] Tola HH, Ranjbaran M, Omani-Samani R, Sadeghi M. Prevalence of 
UTI among Iranian infants with prolonged jaundice, and its main 
causes: A systematic review and meta-analysis study. J Pediatr Urol 
2018; 14(2): 108-15. 
http://dx.doi.org/10.1016/j.jpurol.2018.01.004 PMID: 29456119 

[19] Geerlings SE. Clinical presentations and epidemiology of urinary 
tract infections. Microbiol Spectr 2016; 4(5): 4.5.03. 
http://dx.doi.org/10.1128/microbiolspec.UTI-0002-2012 PMID: 
27780014 

[20] Baz AMK, El-Agamy OAEF, Ibrahim AM. Incidence of urinary tract 
infection in neonates with significant indirect Hyperbilirubinemia of 
unknown etiology: Case-control study. Ital J Pediatr 2021; 47(1): 35. 
http://dx.doi.org/10.1186/s13052-021-00982-0 PMID: 33596989 

[21] Roberts KB. Urinary tract infection: Clinical practice guideline for 
the diagnosis and management of the initial UTI in febrile infants and 
children 2 to 24 months. Pediatrics 2011; 128(3): 595-610. 
http://dx.doi.org/10.1542/peds.2011-1330 PMID: 21873693 

[22] Ismaili K, Lolin K, Damry N, Alexander M, Lepage P, Hall M. Fe-
brile urinary tract infections in 0- to 3-month-old infants: A prospec-
tive follow-up study. J Pediatr 2011; 158(1): 91-4. 
http://dx.doi.org/10.1016/j.jpeds.2010.06.053 PMID: 20708748 

[23] Sencan A, Carvas F, Hekimoglu IC, et al. Urinary tract infection and 
vesicoureteral reflux in children with mild antenatal hydronephrosis. J 
Pediatr Urol 2014; 10(6): 1008-13. 
http://dx.doi.org/10.1016/j.jpurol.2014.04.001 PMID: 24863985 

[24] Williams GJ, Hodson EH, Isaacs D, Craig JC. Diagnosis and man-
agement of urinary tract infection in children. J Paediatr Child Health 
2012; 48(4): 296-301. 
http://dx.doi.org/10.1111/j.1440-1754.2010.01925.x PMID: 
21199053 

[25] Yamasaki Y, Uemura O, Nagai T, et al. Pitfalls of diagnosing urinary 
tract infection in infants and young children. Pediatrics 2017; 59(7): 
786-92. 
http://dx.doi.org/10.1111/ped.13292 

[26] Riskin A, Toropine A, Bader D, Hemo M, Srugo I, Kugelman A. Is it 
justified to include urine cultures in early (< 72 hours) neonatal sepsis 
evaluations of term and late preterm infants? Am J Perinatol 2013; 
30(6): 499-504. 
PMID: 23147081 

[27] Samayam P, Ravi Chander B. Study of urinary tract infection and 
bacteriuria in neonatal sepsis. Indian J Pediatr 2012; 79(8): 1033-6. 
http://dx.doi.org/10.1007/s12098-012-0727-7 PMID: 22421936 

 
 

 


	Urinary Tract Infection in Infants <1 Month of Age: Demographic,Clinical, and Microbiological Characteristics
	Abstract: Background
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	Fig. (1).
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	4. DISCUSSION
	5. STUDY LIMITATIONS
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TOPARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



