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nalidixic acid represented the least effective treatment, with a resistance rate of 88.6%. A statistically
significant difference was observed in resistance to nitrofurantoin and nalidixic acid between children
with and without anomalies (p < 0.05).

Conclusion: High antibiotic resistance, especially in children with urinary tract anomalies, was
identified for frequently used antibiotics. Our findings provide important implications regarding local
patterns of uropathogens and antibiotic resistance in children with pyelonephritis.
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Introduction

Urinary tract infections (UTIs) represent the
most common bacterial infection and a major
cause of hospitalization in children (1, 2).
Symptoms of UTI range from no symptoms to
significant complications which can cause long-
term morbidity (3). One type of UTlIs is bladder
infection termed cystitis. If cystitis is not cleared,
the infection ascends to the kidneys causing
pyelonephritis (4). Acute pyelonephritis (AP), also
called febrile urinary tract infection, is considered
one of the most serious bacterial illnesses in
childhood (5-7). AP is generally associated with
systematic signs of inflammation and can lead to
renal scarring. Patients with AP generally present
symptoms of feeding difficulty, fever, vomiting,
and failure to thrive (8, 9). The diagnosis is based
on the clinical presentation and urine analysis (10).
The most common cause of AP is Escherichia coli
(E. coli), with a prevalence of 80-90% (11-13). The
remaining 10-20% causative pathogens include
Klebsiella, Enterococcus, Proteus, and
Pseudomonas species (14). Host condition and
urinary tract abnormalities such as vesicoureteral
reflux (VUR) and obstruction can play an
important role in the progression of infection and
renal scarring (15). Antibiotic therapy is served as
the first choice of AP treatment and prevents the
development of the condition (16-18). The choice
of antibiotics should be guided by the knowledge
of local resistance patterns, which significantly
differ between different countries and also
hospitals. Some uropathogens can produce
Extended Spectrum B-Lactamase (ESBL), which
mediates resistance to many antibiotics, including
cephalosporin, the most preferred drugs for
pyelonephritis treatment (1). This has decreased
the number of available drugs for AP treatment and
resulted in treatment failure and elongated hospital
stay (19). Also, the choice of therapy is affected by
urinary tract anomalies (20-22). There are a few
data of differences in antibiotic choices in children
diagnosed with pyelonephritis with and whitout
urinary tract abnormalities in Iran. Therefore, this
study aims to investigate causative uropathogens,
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antibiotic susceptibility, and resistance patterns in
hospitalized children with pyelonephritis and
compare these data between patients with or
without urinary tract abnormalities.

Materials and Methods
Patient’s selection

A cross-sectional study was designed in Babol,
Iran. For this study, we recruited pediatric cases
aged 1 month to 18 years who were admitted to
Amirkola hospital with a diagnosis of
pyelonephritis from 2016 to 2019. Children with
incomplete imaging examinations were excluded.
Laboratory results, demographic information, and
urinary tract anomalies were gathered from the
patient's medical records. Signed informed consent
was obtained from all patients' parents or
guardians.

Para-clinical findings

Ultrasonography of the urinary tract system was
performed in all children. Lower urinary tract
evaluation was done by radionuclide cystography
(RNC) or voiding cystourethrography (VCUG).
RNC was performed in girls if ultrasonography
does not show bladder abnormality. VCUG was
done in all boys as well as in girls with bladder
abnormality on ultrasonography and also function
disorders such as enuresis or daytime wetting. If
RNC or VCUG were normal, DTPA
(Diethylenetriamine  pentaacetate) or IVP
(Intravenous Pyelography) were employed for
children  with  hydronephrosis to  detect
hydronephrosis's cause. Clean-catch midstream
urine (CCU) samples were collected from children
if they were toilet trained, and if not, catheters were
used for collecting urine samples. Eligible patients
were those with positive urine culture defined as
growth >10° CFU/mL of a single type of
pathogenic organism with CCU or >10* CFU/mL
with catheter urine. Also, patients with symptoms
of fever, urinary incontinence, urinary frequency,
flank pain, and abdominal pain who had pyuria (>5
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white blood cells [WBC]/HPF on urinalysis) are
also included. Bacterial pathogens were identified
according to biochemical features. Antimicrobial
in vitro susceptibility tests were performed by the
disk diffusion agar test for ampicillin (AMP; 20
ug), trimethoprim-sulphamethoxazole(SXT; 5 ng),
cephalexin(LEX; 30 pg), ceftriaxone(FOX; 30
ng), cefotaxime(CTX; 30 pg), cefixime(CFM; 10
ug), gentamycin(GM; 10 pg), amikacin(AN; 30
pg), imipenem(IPM; 10 pg ), amoxicillin-
clavulanic acid(AMC; 10 pg), nitrofurantoin(NIT;
300 pg), and nalidixic acid(NA; 30 pg) (Padtan
Teb Co, Iran).

Statistical data analysis

Statistical analysis was carried out using SPSS
for Windows 18.0 (SPSS Inc., Chicago, IL, USA.).
Continuous variables were presented as mean and
standard deviation, and categorical variables were
described as numbers and percentages. P value less
than 0.05 was considered significant.

Result

During a five years period, 140 children were
admitted to Amirkola hospital with the diagnosis
of pyelonephritis, among which 35 cases were
excluded due to negative urine culture. The
remaining 105 children include 89 (84.8%) girls
and 16 (15.2%) boys with a mean age of
15.84+10.11 months (range 1 month to 120
months).

A total of 64 (60.9%) children had at least one
abnormality in their urinary tract system. VUR
represented the most prevalent and constituted
more than 80% of abnormalities. Other
abnormalities include Ureteropelvic Junction
(UPJ)  Obstruction, Ureterovesical Junction
Obstruction (UVJ), and Posterior urethral valves
(PUV).

The most common causative agent was E. coli. It
was isolated from the urine of 88.6% (n; 93)
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patients. Other organisms isolated include
Enterobacter spp. (n; 6, 5.7%), Pseudomonas spp.
(n; 4, 3.8%), and Klebsiella spp. (n; 2, 1.9%). The
differences between bacterial pathogens in patients
with and without abnormality are shown in Table
1. There was no significant difference between
pathogen type and sex.

More than 80 percent of the isolates were
sensitive to AN and IPM. The highest and lowest
resistance rates in E. coli bacteria were for NA
(87.1%) and AN (11.8%), respectively. Antibiotic
resistance rates of other bacterial pathogens
isolated from children are depicted in Table 2.

There was a statistically significant difference
between resistance to NIT and NA in children with
and without urological abnormalities, but in other
cases, no statistically significant difference was
found (Table 3). Also, there was no significant
difference between antibiotic resistance and
gender.

Discussion

The reliability of antibiotic choice in children
with pyelonephritis is still being debated, especially
in different countries with dissimilar bacterial
resistant patterns (23). Additionally, urinary tract
abnormalities can affect patients' response to
antibiotic therapy. In this study, out of 140 children
with pyelonephritis, 35 (25%) were excluded
because of negative urine cultures. Comparably, in
a study by Prabhu et al. (24), among 249 cases with
pyelonephritis, 35% had negative urine cultures.
This could be due to the use of antibiotics before
admission or possible alternative diagnosis. Eighty-
nine (84.8%) children in our study were females.
This data is consistent with the fact that the relative
risk of pyelonephritis is higher in female than male
cases (25). Similarly, in studies by Ghiro et al. (6)
and Prabhu et al. (24), 64% and 85% of patients
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Table 1. Bacterial pathogens isolated from children with and without urinary tract abnormalities.

Bacterial pathogens N [(%)] with anomaly N [(%)] Without anomaly P-value
E. coli 56 (60.2) 37 (39.8) 0.76
Pseudomonas spp. 2 (50.0) 2 (50.0) 0.99
Enterobacter spp. 5(83.3) 1(16.7) 0.40
Klebsiella spp. 1 (50.0) 1 (50.0) 0.99
Table 2. Antibiotic resistance in different bacterial pathogens.
N [(%)] of
Antibiotics N [(%)].Of E. Pseudomonas N [(%)] of N [(.%)] ol Total (%)
coli spp Enterobacter spp. | Klebsiella spp.
AN 11 (11.8) 1(25.0) 1(16.7) 0 (0.0) 13 (12.4)
IPM 13 (14.0) 0(0.0) 1(16.7) 0(0.0) 14 (13.3)
GM 37 (39.8) 1(25.0) 4 (66.7) 0 (0.0) 42 (40.0)
CTX 38 (40.9) 2 (50.0) 4 (66.7) 2 (100) 46 (43.8)
CFM 50 (53.8) 2 (50.0) 3(50.0) 2 (100) 57 (54.3)
FOX 57 (61.3) 0(0.0) 5(83.3) 1 (50.0) 63 (60.0)
AMC 57 (61.3) 3(75.0) 6 (100) 2 (100) 68 (64.8)
NIT 69 (74.2) 4 (100) 6 (100) 2 (100) 81 (78.1)
LEX 71 (76.3) 4 (100) 6 (100) 2 (100) 83 (79.0)
AMP 74 (79.6) 3(75.0) 5(83.3) 2 (100) 84 (80.0)
SXT 77 (82.8) 2 (50.0) 3(50.0) 2 (100) 84 (80.0)
NA 81 (87.1) 4 (100) 6 (100) 2 (100) 93 (88.6)

Table 3. Resistance profile in children with and without urinary tract abnormalities.

Antimicrobial agents N (%) with anomaly N (%) without anomaly P-value
AN 7 (10.9) 6 (14.6) 0.76
IPM 10 (15.6) 4 (9.8) 0.55
GM 28 (43.8) 14 (34.1) 0.41
CTX 30 (46.9) 16 (39.0) 0.54
CFM 38 (59.4) 19 (46.3) 0.19
FOX 40 (62.5) 23 (56.1) 0.54
AMC 45 (70.3) 23 (56.1) 0.13
NIT 54 (84.4) 27 (65.9) 0.02
LEX 50 (78.1) 33 (80.5) 0.77
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AMP 51 (79.7) 33 (80.5) 0.92
SXT 53 (82.8) 31 (75.6) 0.45
NA 61 (95.3) 32 (78.0) 0.007

Ampicillin (AMP; 20 pg), trimethoprim-sulphamethoxazole(SXT; 5 pg), cephalexin(LEX; 30 pg), ceftriaxone(FOX; 30 pg), cefotaxime(CTX;
30 pg), cefixime(CFM; 10 pg), gentamycin(GM; 10 pg), amikacin(AN; 30 pg), imipenem(IPM; 10 pg ), amoxicillin-clavulanic acid(AMC; 10

ng), nitrofurantoin(NIT; 300 pg), and nalidixic acid(NA; 30 pg).

consist of female cases. Based on our results, the
most prevalent bacterial pathogen was E. coli,
isolated from 88.6% of patients. Other causative
agents include Enterobacter spp. in 6 (5.7%),
Pseudomonas spp. in 4 (3.8%), and Klebsiella spp.
in 2 (1.9%) cases. Flor-De-Lima et al. (26)
evaluated 581 children with AP from 1994 to 2012
in four time periods. Their results showed that E.
coli remained the leading uropathogen (70-80%)
during those years. Other bacteria isolated include
Klebsiella spp., Enterococcus spp., Proteus spp.,
and Pseudomonas spp., the prevalence of each was
less than 10%. However, there was a significant
decrease in the prevalence of Klebsiella spp. and
Enterococcus spp. during the period studied. Based
on our results, the most effective antibiotics for
pyelonephritis treatment include AN and IPM, with
resistance rates of 12.4% and 13.3%, respectively.
NA represented the least effective treatment, and
88.6% of isolates were resistant to this antibiotic. A
study by Duicu et al. (27) highlighted that NIT,
ceftriaxone, AN, and carbapenem may be used for
the empirical treatment of febrile or complicated
UTIs in children. In contrast to our study, NA and
NIT showed less resistance in their study. In
another study by Prabhu et al. (24), the resistance
rates of gentamycin, ceftriaxone, and cephalexin
were lower than 10% in patients with
pyelonephritis. The higher resistance rate indicated
in our study may be due to geographical variations
and higher consumption of antibiotics in Iran which
is three times more than the mean global rate (28).

In our study, a total of 64 (60.1%) children had at
least one urinary tract abnormality, including VUR,
UPJ, UVJ, Obstruction, and PUV. In a study by
Duicu et al. (27), from 331 children with UTI, 140

(42.29%) had an urinary tract abnormality. In
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another study by Kogak et al. (29), from 142
children with UTI, 22 (15.5%) and 26 (18.3%) had
USG abnormalities and VUR. In addition, Ghiro et
al. (6) indicate that of 1330 children with AP, 430
(32%) had at least one urinary tract abnormality.
The higher rate of urinary tract abnormalities in our
study may be due to that our study group is from
one hospital or the different nature of
pyelonephritis compared to other UTIs. Children
with urinary tract abnormalities are at increased
risk of developing UTIs (20, 30). VUR alters the
unidirectional flow of urine, while Pelvi-ureteric
Junction Obstruction (PUGO) leads to stasis, both
increasing the risk of multiplying bacterial
pathogens (31). Therefore, analyzing bacterial
pathogens and antibiotic resistance patterns in
uropathogens causing UTIs in children with urinary
tract abnormalities is necessary. According to our
results, there was no significant difference between
bacterial pathogens isolated from children with and
without anomalies. In the case of antibiotic
resistance, children with urinary tract anomalies
showed more resistance to NIT and NA than
children without urological anomalies.
Comparably, in a study by Duico et al. (27), more
than 50 percent of multi-drug resistance pathogens
were isolated from children with urinary tract
anomalies.

Conclusion

In conclusion, the main pathogen responsible for
pyelonephritis was E. coli. In laboratory conditions,
AN and IPM are proposed as antibiotics of choice
for children with and without urinary tract
abnormalities suffering from pyelonephritis. The
rate of antibiotic resistance was higher in our local
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population compared to other studies. Therefore,
constant monitoring of antimicrobial resistance
patterns to develop appropriate treatment strategies
at the national level is required. The high frequency
of urinary tract abnormalities in children with
pyelonephritis should be considered by medical
practitioners. This is the first study that investigates
antibiotic resistance in children with pyelonephritis
and its association with urinary tract abnormalities
in Iran. Our results provide useful information for
empiric antibiotic treatment of children with
pyelonephritis.
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