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ABSTRACT

Urinary tract infections (UTI) are one of the most common infections with an in-
creasing resistance to antimicrobial agents.

Purpose: Empirical initial antibiotic treatment of UTI must rely on susceptible data
from local studies.

Materials and Methods: Retrospective analysis of isolated bacteria from children
with UTIs was performed at the university hospital during years 2006-2009. The
findings were compared with data collected in a similar study carried out in
2002- 2003.

Results: A total of 1439 uropathogens were isolated. Escherichia coli (E.coli) was
the leading cause, followed by Enterobacter, and other gram negative bacilli. It
was observed resistance of E.coli to ceftriaxone, cefexime, amikacin, gentamycin,
and nalidixic acid; Enterobacter to cefexime; and the resistance of gram negative
bacilli to gentamicin and cefexime increased significantly. The highest effective
antibiotic was Imipenem, ciprofloxacin, and amikacin with 96.7%, 95% and 91%
sensitivity rates, respectively, followed by ceftriaxone 77.2%, gentamicin 77%, ni-
trofurantoin 76.4%, nalidixic acid 74.3% and cefexime with 70%.

Conclusion: The use of nitrofurantoin or nalidixic acid as initial empirical anti-
bacterial therapy for cystitis seems appropriate. For cases of simple febrile UTI, the
use of initial parenteral therapies with amikacin or ceftriaxone followed by an oral
third generation cephalosporin also seemed appropriated, and in cases of severely
ill patients or complicated UTI, imipenem as monotherapy or, a combination of
Ceftriaxone with an aminoglycoside, are recommended.

INTRODUCTION

ARTICLE INFO

Key words:
Urinary tract infections;
children; antibacterial agents

Int Braz J Urol. 2012; 38: 25-32

Submitted for publication:
October 27, 2010

Accepted after revision:
June 22, 2011

Urinary tract infection (UTIs) are common
in childhood, occurring in about 5% of febrile in-
fant and 2% of febrile children < 5 years of age (1-
3). UTIs pose a significant health risk due to prog-
ress to urosepsis, renal scarring and/or progressive
kidney damage (4-6). The prognosis depends on
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timely administration of appropriate antimicro-
bial treatment. Antibiotic therapy is generally
initiated immediately and empirically even before
bacteriological culture results are available (1-6).
There is a growing concern about the increasing
antimicrobial resistance of the causative organ-
isms of UTIs worldwide (7). The increasing resis-
tance trends are likely to have important clinical



implications for the empirical use of antibiotics
(8,9). When prescribing empirical therapy for in-
fections in the community and in the hospital, it
is important to know the national and local anti-
biotic resistance patterns of different organisms.
This requires permanent monitoring to gatter in-
formation for providing new therapeutic options
(7-9). The aim of this study was to determine the
relative frequency of bacterial species causing UTI
and their susceptibility patterns to most common-
ly used antibiotics during a four years-study pe-
riod (2006-2009). Also, in order to document the
resistance trends of isolated uropathogens to these
drugs, the collected data were compared to the
findings of a similar earlier report (10) to evaluate
the most appropriate options for initial empirical
therapy of UTI for children in the region.

MATERIALS AND METHODS

This retrospective study analized the bac-
teria isolated from patients with UTI in a teaching
hospital at the main center for newborns located
in Sari, capital of Mazandaran Province, North of
Iran. Urine samples were obtained from ambulato-
rial and in-patients with suspected UTI and who
were admitted in pediatric wards with signs and
symptoms of UTI, to document the common bac-
terial species causing UTI, and their antibacterial
susceptibility profile. The period of analysis was
2006 to 2009. Collected data were also compared
to findings of a similar earlier study (10) (at the
same hospital with similar methods and including
criteria) to determine the resistance trends of iso-
lated uropathogens. Urine samples were obtained
before the use of antimicrobial agents by bladder
aspiration, urethral catheterization or clean-catch
midstream methods.

Patients were children aged from 1 week
to 12 years without history of genitourinary ab-
normalities, recent hospitalization or antibiotic
usage. Patients were hospitalized for evaluation
and treatment in pediatric-neonatal wards with
signs and symptoms of acute pyelonephritis or
cystitis, including: temperature > 38° C, chills, fre-
quency, dysuria, urgency, suprapubic and/or flank
tenderness, pyuria (defined as > 5SWBC/Hpf), fever
with unknown source in children, and in neonates
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(7-30 days of age) with clinical evidences of sep-
sis [community-acquired UTI (CA-UTI)]. Quantita-
tive urine cultures were performed on a blood agar
base plate [Merck®, Germany] and eosin methylen-
blue agar plate [ATD, Antec and Diagnostic®, UK].
The plates were incubated at 37° C for 24 hours. A
positive urine culture was defined as the growth of
> 105, > 104, and any colony-forming unit [CFU]/
mL of a single uropathogen for specimens ob-
tained by clean-catch midstream, catheterization,
and suprapubic methods, respectively. The bacte-
ria were identified by conventional procedures.
Antibiotic sensitivity testing was performed using
the Kirby-Bauer Disk diffusion method [Padtan-
Teb®, Tehran] according to the recommendations
of the National Committee for Clinical Laboratory
Standards. Antibiotics tested for gram-negative
uropathogens were: ceftriaxone [CTX], amikacin
[AMK], gentamycin [GEN], ampicilin [AMP], co-
trimoxazole [C-tri], ciprofloxacin [CIP], nitrofu-
rantoin [NF], nalidixic acid [NA], imipenem [IMP]
and cefixime [CFX]. In all uropathogens, the yearly
susceptibility profiles and resistance trends to each
antibiotic was calculated and compared to the re-
sults of an earlier study (2002-2003 period) using
descriptive statistical methods. The relative role of
uropathogens causing UTI and their susceptibility
levels to an antibiotic were determined by divid-
ing the total numbers of susceptible organisms to
the total numbers of uropathogens isolated dur-
ing the 4-year study period. The trend 2-test and
Fisher exact probability test were used for statisti-
cal comparison between the 4 years of this period
of study and with the study of 2002-2003 for each
uropathogen and each antibiotic. P value < 0.05
was considered significant.

RESULTS

From January 2006 to 2009, a total of
12983 urine samples were submitted for analysis
and culture. These samples showed 1439 bacterial
isolates. Enteric gram-negative bacilli accounted
for 1419 of 1439 (98.6%) of isolates. Escherich-
ia coli (E.coli) was the main uropathogen (865
(60%) of isolates) followed by: Enterobacter 248
(17.29%), and other gram negative bacilli (GNB)
including Proteus, Klebsiella, Pseudomonas etc



(306 (21.29%)). In the initial study (January 2002 to
2003) 404 uropathogens from 3363 urine samples
were isolated. The results are shown in Table-1.

(Table-2). When these findings were compared
with similar data collected during 2002-2003,
the results indicated an statistically significant in-

Table 1 - Relative distribution of submitted urine samples and isolation rates of bacterial species causing urinary tract infec-

tions based on the year of study, Sari-Iran.

Study year 2006 2007 2008 2009 Total 2003
No of submitted samples 2156 2210 4219 4398 12983 3363
290 226 472 521 1439 404

No of positiv(%) samples o (02 G @y (29
132 140 282 311 685 290

E.coli (%) (60) (62) (59.7) (59.7) (60) (72)
42 36 78 92(17.6) 248 23

Enterobacter(%) (19) (16) (16.5) (17.2) (5.7)
46 50 101 109(21) 306 94

Gram negative bacilli(%)* (21) (22) (21.4) (21.2) (15.8)
- 1 9(1.7) - 27

Others - (2.3) (6.7)

* Gram negative bacilli mainly included Proteus, Klebsiella and Pseudomonas

The antimicrobial susceptibility profiles
and resistance trends of different isolated uro-
pathogens during the study period (2006-2009)
are shown in Figure-1. Overall, the results re-
vealed that there was a statistically significant
increase of the resistance prevalence of isolated
pathogens to some tested antibiotics from 2006
to 2009. However, this trend was more prominent
for E.Coli than to other uropathogens.

During the study period (2006-2009)
E.coli resistance prevalence to CTX, CFX, AMK,
GEN and NA increased significantly (Figure-1).
For Enterobacter this trend was observed only for
CFX and for other gram negative bacilli to CFX
and GEN (Figure-1). Based on the results of this
study, the first three most effective antibiotics for
initial empiric therapy were IMP, CIP, and AMK
with 96.7, 95, and 91% susceptibility rates respec-
tively. These were followed by CTX (77.2%), GEN
(77%) NF (76.4%), NA (74.3%), and CEX (70%)

crease prevalence of resistance of E.Coli to most
comparable data except AMP and C-tri, which
showed a significant decrease (Figure-2). For oth-
er uropathogens, this pattern was not observed
and the susceptibility rates for most tested anti-
bacterial agents did not change significantly from
the years 2002-2003 to 2006-2009. However, due
to the decreasing relative role of infection with
Pseudomonas spp during years 2006-2009 (data
not shown), the sensitivity of gram negative ba-
cilli to CTX improved significantly as compared
to the year 2003.

DISCUSSION

As expected and demonstrated by earlier
reports (1-3,10), E.coli was the main pathogen
causing UTI among our community-acquired or
hospital treated patients, followed by other en-
teric gram negative bacilli (GNB). Decreased rela-
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Figure 1 - The susceptibility percentile of uropathogens isolated during years 2006-09 to each antibiotic, Sari-Iran.
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Table 2 - Relative chance of susceptibility for patients with UTI based on the sensitivity levels of 1419 uropathogens isolated
during 2006-2009.

Antibiotics No of susceptible isolated pathogens (total of 1419) % Susceptibility>
CTX® 1095 77.2
AMK 1288 91
GEN 1092 77
IMP 1372 96.7
cIp 1346 95
AMP 176 12.5
C-Tri 563 40
CFX 994 70
NF 1083 76.4
NA 1054 74.3

a: the percentage denotes the mean average susceptibility levels for a 4- year period of study to each agent.
b: CTX: ceftriaxone, AMK: amikacin, GEN: gentamycin, IMP: imipenem, CIP: ciprofloxacin, AMP: ampicillin, C-tri: co-trimoxazole, CFX: cefexi-
me, NF: nitrofurantin, NA: nalidixic acid.

Figure 2 - Comparison between average susceptibility level of E.coli isolated during years 2006-09 with those of 2003.
Sensitivity levels to AMP and C-Tri decreased significantly from the years 2003 to 2006-2009.
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tive prevalence of E.coli from 72% to 60% and
increased rate of Enterobacter and other GNB
from the year 2003 to 2006-2009 are significant.
The real causes for this difference despite similar-
ity between sample sources and methods of the
two studies are not known. However, depending
of some characteristics and settings, as gender,
younger age, previous antibiotic use or antibacte-
rial prophylaxis, history of UTI, and urinary sys-
tem anomalies, the role of E.Coli causing UTI may
be lower (11).

When the susceptibility levels of uro-
pathogens isolated during this study period to
each antimicrobial agents were compared with
similar data collected during 2002-2003 (10), it
was observed a significant decrease of the sen-
sitivity levels of E.coli to most tested antibiotics
except AMP and C-tri, which increased (Figure-2).
However, this pattern was not observed for other
uropathogens. Despite decreased resistance levels
of uropathogens to AMP and C-tri from year 2003
to 2009, the mean risk of resistance to both agents
during 2006-2009 were 87.5% and 60% respec-
tively (Table-2). Therefore, these drugs as a single
agent for empiric therapy of patients suspected
with UTI are not appropriate.

During recent years, the third cephalospo-
rins and aminoglycosides are the preferred choice
for initial empirical treatment of febrile children
suspected with UTI (12,13). In this study, the sus-
ceptibility prevalence of E.coli as of most common
uropathogens decreased significantly to the test-
ed third cephalosporins and aminoglycosides; P
0.005, 0.000, 0.000, and 0.000 to CTX, CFX, AMK,
and GEN respectively. For other uropathogens,
these patterns of resistance were not observed ex-
cept for CFX to Enterobacter and also for GNB to
GEN (Figure-1). Other studies in Iran have also re-
vealed a similar resistance rate of E.coli isolated
from out-and-in children patients with UTI; 25%,
18.1%, and 23.5% in Tehran (14), and 21.5%, 9.9%,
and 22.4% in Ghazvin (15) to CTX, AMK, and GEN
respectively. However, lower resistance rates were
reported in some developing (16,17) and developed
countries (8,11,18,19). These patterns of suscepti-
bility put a patient with UTI at 22.8%, 30%, 9%
and 239% risk of resistance to CTX, CFX, AMK, and
GEN, respectively (Table-2). Therefore, for young

infants, toxic patients or those with complicated
UTI, CTX, CFX, or GEN monotherapy seems to be
inadequate for most uropathogens causing UTL.

There is much evidence suggesting a re-
lationship between prescribing habits and anti-
bacterial resistance (20-23). As in many countries,
in Iran and in our region, newer cephalosporins
are the favorite antimicrobial agents for empiri-
cal treatment of not only UTI but also communi-
ty-acquired respiratory and gastrointestinal infec-
tions (24,25). Moreover, in secondary and tertiary
care centers, newer cephalosporins and amino-
glycosides are widely used. These high levels of
resistance demonstrated for these drugs may be
explained by high and uncontrolled use of these
antibiotics in Iran and in our region. These drugs
are prescribed not only for patients suspected with
UTI but also for infection in other body sites or
any febrile illnesses by physicians and even are
used by the patient or family without prescription
(24,25). A study determined the rate of antibiotic
prescription among outpatients referred to physi-
cians in the community and showed that > 50% of
all patients and > 79% of children received at least
one systemic antibacterial agent (24).

Flouroquinolones are not the first-line
drugs for initial treatment of UTIs and/or other in-
fections in children. In this study, CIP was used
to determine the susceptibility profiles of isolated
uropathogens to this agent. Results indicated that
most isolated pathogens were highly susceptible
to CIP. Therefore, this drug may be considered a
reserved alternative for children with difficult-to-
treat UTIL. However, it is of concern that E.coli re-
sistance to CIP increased significantly from years
2002-2003 to 2006-2009 (Figure-2). There was not
a significant increase of resistance of isolated uro-
pathogens to IMP over the study period (Figure-1).
The susceptibility levels to IMP was higher and ap-
propriated and was the most effective antibacterial
agent tested in this study (mean susceptibility level
96.7%) (Table-2). These levels of efficacy make
this antibiotic a suitable choice for initial empiri-
cal treatment of cases with toxicity or difficult-to-
treat UTI (26). The most probable cause for these
low resistance levels to CIP and IMP may be due
to restricted use of these drugs in the community
and/or the hospital.

30



NA as well as NF, two oral drugs that are
not systemic antibacterial agents, are widely used
to treat cases with uncomplicated cystitis (afebrile
UTI). Both drugs usually achieve excellent urinary
concentration and exceeding MIC for the respec-
tive uropathogen. In vitro resistance does not nec-
essarily mean unsuccessful therapy (27). During
the 4-years study period susceptibility profiles of
uropathogens to both agents did not changed sig-
nificantly except E.coli to NA: P = 0.000. Overall,
mean susceptibility levels of uropathogens to NF
and NA were 76.4% and 74.3% respectively. These
levels of susceptibility make these antibiotics an
appropriate option for initial empirical therapy of
older children with cystitis. As a rule, these agents
should not be used for febrile UTIL.

It is quite alarming to note that almost all
of the E.coli isolated in this study were found to
become more resistant to most routine antibiotics
that were tested. Therefore, this is an important
issue to be addressed by the policy makers to for-
mulate a strict antibiotic prescription policy in our
country and region. Because the patterns of sensi-
tivity of microorganisms to antibiotics vary over
time and among different geographical location,
empiric antibacterial therapy of infections should
be based on a local experience of susceptibility and
resistance profile.

CONCLUSIONS

Based on the results of this study, for chil-
dren with simple cystitis, NF or NA monothera-
py may be appropriate. In patients with simple
febrile UTI, AMK or a short course of parenteral
followed by oral therapy with a third generation
cephalosporin seems reasonable. However, in cases
with complicated UTI (young infants, severity ill
and toxic patients, with underlying genitourinary
anomalies, long-term use of urinary catheter or
antibiotic prophylaxis, and nosocomial UTI) par-
enteral IMP monotherapy or a combination of a
third generation cephalosporin with an aminogly-
coside is recommended.
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