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Abstract: With the spread of antibiotic resistance in pediatric urinary tract infections (UTIs), more
patients are likely to be started empirically on antibiotics to which pathogens are later found to
be resistant (discordant therapy). However, in-vivo effectiveness may be different from in-vitro
susceptibility. Aims of this study were to describe clinical outcomes of discordant empirical treatments
in pediatric UTIs and to investigate risk factors associated to treatment failure. This observational,
retrospective study was conducted on children hospitalized for febrile UTIs with positive urine
culture and started on discordant empirical therapy. Failure rates of discordant treatments and
associated risk factors were investigated. A total of 142/1600 (8.9%) patients were treated with
inadequate empirical antibiotics. Clinical failure was observed in 67/142 (47.2%) patients, with no
fatal events. Higher failure rates were observed for combinations of penicillin and beta-lactamase
inhibitors (57.1%). Significant risk factors for failure of discordant treatment were history of recurrent
UTIs (95% CI: 1.13-9.98, OR: 3.23, p < 0.05), recent use of antibiotics (95% CI: 1.46-21.82, OR: 5.02,
p < 0.01), infections caused by Pseudomonas aeruginosa (95% CI: 1.85-62.10, OR: 7.30, p < 0.05), and
empirical treatment with combinations of penicillin and beta-lactamase inhibitors (95% CI: 0.94-4.03,
OR: 1.94, p = 0.05). This study showed that discordant empirical treatments may still be effective in
more than half of pediatric UTIs. Clinical effectiveness varies between different discordant antibiotics
in pediatric UTIs, and patients presenting risk factors for treatment failure may need a differentiated
empirical approach.

Children 2022, 9, 128. https:/ /doi.org/10.3390/ children9020128

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children9020128
https://doi.org/10.3390/children9020128
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-8985-770X
https://orcid.org/0000-0003-0370-7872
https://orcid.org/0000-0001-8175-5488
https://orcid.org/0000-0002-7441-9248
https://doi.org/10.3390/children9020128
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children9020128?type=check_update&version=1

Children 2022, 9, 128

2 0f 10

Keywords: antibiotic failure; antibiotic resistance; empirical therapy; discordant antibiotic; urinary
tract infections

1. Introduction

Urinary tract infections (UTIs) are among the most common infections in pediatric
population, representing a major cause for antibiotic consumption and hospitalization in
children [1]. UTIs affect up to 2.8% of children annually in high-income countries, and it is
estimated that nearly 8% of females and 2% of males develop at least one episode of UTI
within the first eight years of life, with recurrence rates ranging from 8% to 30% [2-5]. Gram-
negative microorganisms of the Enterobacteriaceae family are the most common pathogens in
pediatric UTIs, with Escherichia coli accounting for more than 70% of cases also in recurrent
episodes [6,7].

The spread of antibiotic resistance in pediatric UTIs is an increasing public health
problem worldwide. Economic burden associated with management of pediatric UTIs
resistant to antibiotics is rising, and according to a recent European study, healthcare
costs more than doubled for children hospitalized for UTIs caused by resistant pathogens,
mainly due to the increased length of stay [8,9]. Resistance rates for common first-line
antibiotics, such as amoxicillin and trimethoprim-sulfamethoxazole, already exceed 50%
and 25%, respectively [10,11]. These findings prompted the empirical use of broad-spectrum
molecules that represent more than one-third of outpatient prescriptions for UTIs [12].

Appropriate empirical treatment is considered the cornerstone of the management of
UTIs because untreated infections can lead to serious complications, such as sepsis and
renal failure [13]. However, the real effect of inadequate initial antibiotic coverage on
long-term sequelae is controversial [14]. Most guidelines suggest a wide range of molecules
as equally suitable empirical treatments for UTIs; thus, the choice of initial antibiotic is
often based on in-vitro resistance rates reported by surveillance studies [15,16]. Because
antibiotic susceptibility testing generally requires 2-3 days from presentation, the need
of early treatment to prevent renal damage may result in discordant empirical therapy,
defined as initial antibiotic to which infecting isolate is later found to be not susceptible. As
resistance rates increase, more patients are likely to be started empirically on discordant
therapy. However, in-vivo effectiveness may be different from in-vitro results considering
that antibiotic concentrations in urinary tract are often higher than can be achieved in
blood [17]. Clinical improvement has been reported in adult patients affected by UTIs
despite discordant therapy, questioning the need of using new broad-spectrum antibiotics
as first-line treatment [18,19]. However, data on pediatric population are lacking; thus, the
real consequences in everyday clinical practice of the increasing antibiotic resistance in
pediatric UTIs are still unclear. The aims of this study were to describe clinical outcomes of
discordant empirical treatments in children hospitalized for UTIs and to investigate risk
factors associated to treatment failure.

2. Methods
2.1. Study Design and Population

This observational, retrospective study was conducted on the population of a previous
large multicenter surveillance study that enrolled 1801 children hospitalized for febrile
UTIs in pediatric units of Emilia-Romagna Region, Italy, from 1 January 2012 to 30 July
2020 [11]. The original population included hospitalized patients aged under 18 years,
presenting with fever and with subsequent positive urine culture, defined as identification
of a single pathogen present at >10° CFU/mL. Initial exclusion criteria were afebrile
patients suggesting lower urinary tract infections, negative or non-significant urine culture,
concomitant neoplastic diseases, and congenital or acquired immunodeficiency. All the
patients at their first episode and patients with recurrent episodes of UTIs were included.
For patients with multiple admissions meeting the inclusion criteria, only the last episode
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was included. From original population, we further selected only patients with available
antibiogram results and empirically treated with discordant therapy, defined as initial
antibiotic prescribed at hospital admission to which the pathogen identified in urine
culture was proven resistant at susceptibility testing (Figure 1). When combinations of
antibiotics were used, the therapy was considered discordant if the isolate tested resistant
to both molecules.

All patients < 18 years of age
with febrile UTI hospitalized
from 01/01/2012 to 06/30/2020 e
in Emilia Romagna region, Italy » Negative or non-significant urine
culture (<10° CFU/ml or more
then one pathogenic species)

» Congenital or acquired
immunodeficiency
Original population + Concomitant neoplastic diseases

1801 pediatric patients with
febrile UTI and positive urine
culture

201 patients without susceptibility
testing results

1600 patients with available
antibiogram results

1458 (91.1%) patients treated with
empirical concordant therapy

y
Study population

142 patients (8.9%) started on

empirical discordant therapy

Figure 1. Design of the study, inclusion/exclusion criteria and selection of study population.

2.2. Data Evaluation

Medical records were extrapolated and analyzed using a special form for each patient.
Data collection was focused on demographic characteristics, medical and urological history,
signs and symptoms at onset, blood and urinary laboratory tests, radiological findings
(including urinary tract ultrasound, voiding cystourethrography, and renal scintigraphy
when performed), any procedures carried out, urine culture and antibiogram results, trends
in vital parameters, and antibiotics administered before admission, during hospital stay,
and at discharge. Uropathogens were classified according to their antibiotic-resistance
patterns. Extended-spectrum beta-lactamase (ESBL)-producing pathogens were defined
by direct laboratory test for the presence of ESBLs or phenotypically by proven capacity
of hydrolyzing penicillin, first- to third-generation cephalosporins, and aztreonam [20].
According to indications from European Centre for Disease Prevention and Control (ECDC)
and the Centers for Disease Control and Prevention (CDC), multidrug-resistant (MDR)
pathogens were defined as resistant to at least one molecule in three different antimicrobial
categories, and extensively drug-resistant (XDR) pathogens were defined as susceptible to
only agents of two or less categories [20]. Resistance patterns not included in ESBL, MDR,
or XDR categories were defined as simple resistance.

Treatment failure was defined as persistence of fever, lack of clinical improvement,
and need for additional antibiotic therapy after 48 h of empirical treatment. Failure rates
were further evaluated according to different antibiotics, uropathogens, and antimicrobial-
resistance patterns. Patients were treated in the hospital until they were apyretic, able to
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feed/eat without vomiting, and in stable clinical conditions for 48 h. All the patients were
treated for 10 days, and after discharge, they were treated at home with oral antibiotic
therapy. Empiric therapy was changed only in presence of treatment failure according to
the clinical definition reported above. Length of stay (LOS) in the hospital and second-
line therapies were also analyzed. Risk factors associated to discordant treatment failure
were investigated, including clinical, microbiological and laboratory findings, and antibi-
otic treatments.

2.3. Statistical Analysis

Statistical data analyses were performed by using Stata Release 12 (StataCorp, Col-
lege Station, TX, USA). Descriptive statistics as absolute and relative frequencies, means,
and standard deviations (SD) were used to summarize data. Odds ratios (OR) and their
corresponding 95% confidence intervals (95% CI) were estimated by univariate logistic
regression to assess association between failure of discordant empirical treatment and other
variables, such as sex, history of recurrent UTIs antibiotic prophylaxis, antibiotic therapy
in previous 30 days, pathogens, and age groups. In the comparison of odds ratios by age
group, the age group less than three months was taken as a reference. For odds ratio
analysis, an alpha < 0.05 was considered statistically significant.

3. Results

From original population of 1801 patients < 18 years of age and hospitalized with
febrile UTIs and positive urine culture, susceptibility testing results were available for
1600 (88.9%) patients. As summarized in Figure 1, 142/1600 (8.9%) patients were started
empirically on antibiotics to which the corresponding pathogen was later found resistant
at antibiogram (discordant therapy). Characteristics of the study population managed
empirically with discordant therapy are summarized in Table 1.

Table 1. Characteristics of the study population managed empirically with discordant therapy and
clinical, laboratory, and radiological features at admission.

Characteristic N =142
Mean age, years (SD) 1.8 (3.1)
Sex, n

Males 85 (59.9%)

Females 57 (40.1%)
Prenatal pyelectasis, n 15 (10.6%)
Prematurity at birth, n 27 (19.0%)
Urological malformations, n 23 (16.2%)
VUR, n 13 (9.1%)
History of recurrent UTIs, n 23 (16.2%)
Antibiotic prophylaxis, n 13 (9.1%)
Antibiotic therapy in previous 30 days, n 19 (13.4%)
Pyelectasis, n 49 (34.5%)
Mean CRP, mg/dL (SD) 7.4 (8.3)
Mean WBC count, cell/mm? (SD) 15,257.3 (5828.0)
Mean treatment delay from fever onset, days (SD) 1.6 (1.5)

CRP, C-reactive protein; UTI, urinary tract infection; VUR, vesicoureteral reflux; WBC, white blood cell; SD,
standard deviation.

Escherichia coli was by far the most common uropathogen, accounting for 105 (73.9%)
cases, followed by Klebsiella spp., Enterobacter spp., and Pseudomonas aeruginosa in 13 (9.1%),
11 (7.7%), and 7 (4.9%) cases, respectively (Table 2). ESBL-producing pathogens were identi-
fied in 24 (16.9%) cases, while 34 (23.9%) infections were caused by MDR or XDR pathogens.
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Table 2. Prevalence of different uropathogens and antibiotic-resistance patterns and associated rates
of treatment failure.

Pathogens n (%) Treatment Failure n (%)
Escherichia coli 105 (73.9) 48 (45.7)
Klebsiella spp. 13 (9.1) 7 (53.8)
Enterobacter spp. 11(7.7) 4 (36.4)
Pseudomonas aeruginosa 7 (4.9) 6 (85.7)
Enterococcus faecalis 2 (1.4) 1 (50.0)
Proteus mirabilis 2(1.4) 1(50.0)
Citrobacter spp. 2(1.4) -
ESBL 24 (16.9) 13 (54.2)
MDR/XDR 34 (23.9) 20 (58.8)
Simple resistance 105 (73.9) 45 (42.8)

ESBL, extended-spectrum beta-lactamase-producing; MDR, multidrug-resistant; XDR, extensively drug-resistant.

Empirical treatment failed in higher proportion when infections were caused by
Pseudomonas aeruginosa (85.7%), ESBL-producing pathogens (54.2%), and MDR/XDR mi-
croorganisms (58.8%).

The most used empirical treatments were combinations of penicillin and beta-lactamase
inhibitors, prescribed in 63 (44.4%) cases, of which amoxicillin/clavulanate was used in
58 (40.8%) patients (Table 3). A total of 99 (69.7%) patients received intravenous antibiotics,
while oral route of administration was preferred in 43 (30.3%) cases.

Table 3. Discordant empirical antibiotics and associated failure rates.

Empirical Therapy n (%) Treatment Failure (%)
Penicillin/beta-lactamase inhibitor combinations 63 (44.4) 36 (57.1)
Penicillin/aminoglycoside combinations 31 (21.8) 11 (35.5)
3rd-generation cephalosporins 28 (19.7) 11 (39.3)
Penicillins 11(7.7) 4 (36.4)
Cephalosporin/aminoglycoside combinations 3(2.1) 1(33.3)
Aminoglycosides 1(0.7) -
2nd-generation cephalosporins 1(0.7) 1 (100)
Fluoroquinolones 1(0.7) 1 (100)

Other 3(2.1) -

Mean LOS was significantly increased for patients treated with discordant empir-
ical therapies when compared to concordant treatments (6.5 + 3.3 vs. 5.4 £ 2.7 days,
p-value < 0.001). Among patients treated with discordant empirical antibiotic, no fatal
events were reported, and no one needed transfer to intensive care units.

Overall, discordant empirical treatment failed in 67 patients with a failure rate of
47 2%. Among patients treated with discordant empirical antibiotic, no fatal events were
reported, and no one needed transfer to intensive care unit. Among the most used em-
pirical antibiotics, high failure rate was observed for combinations of penicillin and beta-
lactamase inhibitors (36/63, 57.1%), while combinations of penicillin and aminoglycosides
and third-generation cephalosporins failed less frequently (11/31, 35.5%; 11/28, 39.3%).
No statistically significant differences in failure rates were observed between intravenous
and oral routes of administration (43.4% vs. 56.4%, p-value 0.6).

Table 4 summarizes all the risk factors for failure of discordant empirical treatment
that were analyzed. Univariate logistic regression confirmed as significant risk factors
for treatment failure history of recurrent UTIs, use of antibiotics during previous 30 days,
infections caused by Pseudomonas aeruginosa, and empirical treatment with combinations
of penicillin and beta-lactamase inhibitor. Simple patterns of antibiotic resistance were
associated with an almost-significant protective effect on treatment failure.
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Table 4. Univariate logistic regression analysis of risk factors for failure of discordant empirical

treatment.
Parameter Odds Ratio (OR) 95 % CI p Value
Male 0.69 0.35-1.36 0.29
Age groups
<3 months 1.00
3 months-2 years 1.94 0.89—4.20 0.09
2-6 years 1.76 0.53-5.88 0.35
>6 years 2.20 0.73-6.65 0.16
History of recurrent UTIs 3.23 1.13-9.98 <0.05
VUR 1.67 0.42-7.44 0.42
Urological malformations 1.98 0.55-7.97 0.23
Pyelectasis 1.54 0.69-3.45 0.25
Antibiotic prophylaxis 1.10 0.28-4.58 0.88
Antibiotic therapy in previous 30 days 5.02 1.46-21.82 <0.01
ESBL 1.36 0.51-3.70 0.49
MDR/XDR 1.85 0.79—-4.40 0.12
Simple resistance pattern 0.51 0.22-1.16 0.08
Escherichia coli 0.80 0.35-1.81 0.55
Pseudomonas aeruginosa 7.30 1.85-62.10 <0.05
Klebsiella spp. 1.34 0.36-5.10 0.61
Enterobacter spp. 0.62 0.13-2.57 0.45
Discordant treatment with
penicillin/beta-lactamase inhibitor 1.94 0.94-4.03 0.05
combinations
Discordant treatment with 3rd-generation 0.80 0.32-2.00 0.61
cephalosporins
Dls'cordant tljeatment with penicillins + 0.56 0.23-1.34 015
aminoglycoside
Intravenous route of administration 0.59 0.26-1.34 0.17

4. Discussion

This study showed that discordant empirical treatment in pediatric UTIs may be
successful in more than half of cases despite proven in-vitro resistance of uropathogens.
Independent risk factors for failure of discordant therapy were history of recurrent UTIs,
use of antibiotics during previous 30 days, Pseudomonas aeruginosa as causative pathogen,
and empirical treatment with combinations of penicillin and beta-lactamase inhibitors.

We observed that 8.9% of patients affected by UTI with positive urine culture were
empirically treated with discordant antibiotics. This is consistent with previous stud-
ies conducted with similar inclusion criteria and not restricted to specific pathogens or
antimicrobial-resistance patterns [21]. Among demographic characteristics and features
from previous medical history, only history of recurrent UTIs increased the risk of treatment
failure in our study. Several previous studies reported that history of recurrent UTIs, antibi-
otic prophylaxis, and use of antibiotics during previous 30 days are significant risk factors
for the development of resistant UTIs in pediatric patients [22,23]. These findings were
previously confirmed also in the original population of our epidemiological contest [11].
Recurrent UTIs and recent exposure to antibiotics seem to play a role also in further effec-
tiveness of discordant antibiotics. Patients with these risk factors seem more often infected
by uropathogens, presenting multiple virulence factors and higher resistance. Moreover,
recurrence of UTIs may in turn be caused by a wide range of urological and non-urological
conditions [24].

Predictably, infections caused by Pseudomonas aeruginosa had a very high rate of
discordant treatment failure due to intrinsic resistance of the pathogen to common empirical
antibiotics [25].

Discordance between in-vitro and in-vivo effectiveness varied between different
classes of antibiotics, but interestingly, route of administration had no effect on treatment
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failure rate. This finding implements the emerging evidence that intravenous antibiotic
regimens are not required when similar oral alternatives are available. Clinical trials already
documented the non-inferiority of entirely oral antibiotic regimens [26,27], and a large
Cochrane systematic review confirmed these results [28]. Our study confirms these data
and suggests that intravenous route of administration may offer no advantages compared
to oral regimens, not even when empirical treatment results are discordant. However, more
studies are needed to confirm this finding in populations with different clinical severity.

Combinations of penicillin and beta-lactamase inhibitors showed higher failure rates
and were a significant risk factor for treatment failure. On the other hand, discordant
third-generation cephalosporins were effective in more than 60% of cases although logistic
regression failed to assess a statistically significant protective effect relative to treatment
failure. Wang et al. recently reported even better results for discordant third-generation
cephalosporins when used in emergency department setting [29]. Among 316 children
affected by UTIs caused by ESBL-producing pathogens and inappropriately treated with
cephalosporins, they observed clinical improvement in more than 80% of them, and re-
peated urine cultures sterilized in 65% of cases. A multicenter prospective study conducted
on inpatient pediatric UTIs due to ESBL-producing uropathogens reported that discordant
use of third-generation cephalosporins had no effect on time to apyrexia and LOS [30]. Our
results in this study are in line with those reported by Wang et al. [29], whereas in our
original cohort, we already demonstrated that having ESBL or MDR/XDR uropathogens
were significantly associated with treatment failure [11].

Reasons beyond different in-vivo performance of equally discordant antibiotic molecules
are controversial. A possible explanation is that antibiotics achieve higher concentrations
in the urine and renal parenchyma, providing a clinical response despite in-vitro resis-
tance that is often based on blood concentrations [17,31]. The majority of used antibiotics
are eliminated in urine and may reach high concentrations in urinary tract. This aspect
is probably just a piece of the intricate puzzle of in-vivo interaction between antibiotic
molecules and uropathogens. An interesting factor affecting antibiotic resistance in UTlIs is
the formation of biofilms [32]. It is possible that different antibiotics cause variable effect
on pathogens forming biofilms [33]. Moreover, some UTIs may resolve spontaneously
regardless of antibiotic effectiveness, similarly to acute otitis media [34].

In this study, LOS in hospital was increased for patients treated with discordant em-
pirical therapy when compared to concordant antibiotics. This is consistent with previous
studies reporting the same finding [21]. In fact, discordant empirical therapy shows higher
failure rates and may require a subsequent second-line treatment. Conversely, a multicenter
prospective study observed no difference in length of stay between patients treated with
discordant or concordant therapies [30]. It is possible that variability criteria for discharge
may contribute to prolong hospitalization. In fact, some pediatricians may delay a patient’s
discharge despite clinical improvement when prescribed treatment results are discordant
to susceptibility testing results.

Limitations of this study include its retrospective design and limited representation of
some factors in the study population. The lack of follow-up after acute episode precluded
the evaluation of effects of discordant empirical treatment on long-term sequelae, such as
renal scarring. The definition of treatment failure in the scenario of discordant therapy may
underestimate the success rate because some pediatricians may choose to change a therapy
despite clinical improvement when it results as discordant to antibiogram results. However,
few studies tried to describe the effectiveness of discordant antibiotics in pediatric UTIs.
Our study provided a real-life picture of the discordance between in-vitro and in-vivo
effectiveness of commonly used antibiotics that is frequently experienced in clinical practice.
Defining the risk factors associated to discordant treatment failure, results from this study
may help future research on differentiated antibiotic approaches for pediatric UTlIs.

The increasing prevalence of uropathogens resistant to commonly used empirical
antibiotics in community-acquired pediatric UTIs represents a serious public health prob-
lem. The alarming reports of surveillance studies may prompt the use of antibiotics with
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ever broader spectrum of action as empirical therapy. However, it is well known that
inappropriate antibiotic use leads to increased antibiotic resistance in community-acquired
UTIs, as demonstrated by higher resistance rates reported in countries where antibiotics
are available over the counter [35]. Moreover, changing antibiotic prescribing patterns
often facilitate the emergence of new resistances, as demonstrated in regions where use
of amoxicillin/clavulanate or third-generation cephalosporins increased [11,36]. To avoid
this vicious cycle, it is important not only to constantly monitor the prevalence of antibiotic
resistance and to promote diversified empirical treatments based on risk factors for resistant
infections but also to investigate the in-vivo effectiveness of empirical antibiotics already in
use and its discordance with in-vitro findings.

5. Conclusions

This study showed that discordant empirical antibiotics may still be effective in more
than half of children hospitalized for UTI, questioning the need to broaden the spectrum of
action of empirical treatment. Clinical effectiveness of recommended empirical antibiotics
may often overcome the increasing in-vitro resistance reported by surveillance studies.
History of recurrent UTIs, use of antibiotic during 30 days prior to admission, infections
caused by Pseudomonas aeruginosa, and use of combinations of penicillin and beta-lactamase
inhibitors are the main risk factors for failure of discordant treatment. In this groups of
patients, a differentiated empirical approach is needed, and the second-line therapy should
be chosen on the basis of antibiogram’s results.
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