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Gram-negative urinary tract
infections and increasing
isolation of ESBL-producing 
or ceftazidime-resistant
strains in children: results
from a single-centre survey
Infezioni delle vie urinarie da batteri Gram-negativi 
e aumento di ceppi ESBL-produttori in pediatria. 
Risultati di uno studio osservazionale monocentrico
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n INTRODUCTION

T
he emergence of resistant pathogens, espe-
cially among Gram-negatives, represents
one of the most feared phenomena in re-

cent years. Urinary Tract Infections (UTIs) are
frequent in children, and Gram-negative bacte-
ria are the most frequently isolated cause of
such diseases. 
The high frequency of UTIs in pediatrics is due
to the presence of specific risk factors like uri-
nary tract malformation and neurogenic blad-
der dysfunction, especially in patients affected
by spina bifida [1]. Children with these specific
risk factors often receive long-term, low-dose
antibacterial prophylaxis besides the therapy of
specific infectious episodes [1, 2]. The use of

wide-spectrum antibiotic prophylaxis and ther-
apies in children with UTIs is probably the
most important cause for the development of
resistance in Gram-negative rods with the
emergence of extended-spectrum beta-lacta-
mase (ESBL) producing or AmpC beta-lacta-
mase cephalosporin-resistant (ceftazidime,
CAZ-R) strains [3-5].
In this report we describe the epidemiology of
UTIs due to Gram-negative and the occurrence
of ESBL and CAZ-R strains observed at the
Gaslini Children’s Hospital in Genoa during a
prospective survey performed from January
2007 to December 2011.

n PATIENTS AND METHODS

The Istituto Giannina Gaslini (IGG) is a paedi-
atric hospital in northern Italy that acts as a lo-
cal paediatric hospital for the town of Genoa
and as a tertiary care hospital for other Italian
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regions and for patients from foreign countries.
In 2007 a perspective surveillance program on
alert pathogens and specific localized infections
was activated according to the standards of the
Joint Commission International. 
At the end of 2011 the infection control team
was under the impression of an increase in the
incidence of Gram-negative UTIs and isolation
of ESBL-producing or CAZ-R strains. Therefore
an analysis of yearly epidemiology of these spe-
cific episodes was implemented for the period
2007-2011.
Episodes of UTIs, defined by the presence of 105

colony-forming units per millilitre (CFU7mL)
of a single bacterial strain, were extracted from
the Laboratory of Microbiology database [6]. In
all cases urine sample collection was performed
according to an internal, written procedure,
specific to different age groups. 
Pathogen identification, antibiotic susceptibili-
ty and ESBL production were performed by the
automated Phoenix system (Becton Dickinson),
even if automated systems may present some,
well known pitfalls [7]. 
Susceptibility to antibiotics was evaluated us-
ing the Clinical and Laboratory Standards Insti-
tute (CLSI) recommendations from January
2007 to March 2011 [8]. From April 2011 the Mi-
crobiology Laboratory at the IGG modified its
activity, using breakpoint tables drawn up by
the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) to interpret MICs
and zone diameters [9]. All isolated strains,
both from inpatients and outpatients, were in-
cluded without distinction between asympto-
matic positive culture and clinically evident in-
fection.
The epidemiology of Gram-negative UTIs and
ESBL-producing and CAZ-R strains was
analysed by calculating the rate of episodes, i.e.
the number of UTIs observed in one year divid-
ed by the total number of hospitalization days
in the same period, and expressed as episodes/
1000 days of hospital admission. The epidemi-
ology was evaluated considering all the UTIs
observed at the IGG, and further focused on
episodes observed in three specific units,
Nephrology and Dialysis, Infectious Diseases,
and Surgery, where urinary tract malforma-
tions are mostly treated.

Statistical analysis
The possible presence of a relation between the
year of study and the rate of Gram-negative iso-
lations in UTIs, detection of ESBL-producing

strains and CAZ-R strains was analysed with
the Pearson’s correlation coefficient (r) that is a
measure of linear association between two vari-
ables (10). 
The correlation coefficient is measured on a
scale that varies from + 1 through 0 to -1. Com-
plete correlation between two variables is ex-
pressed by either + 1 or -1. When one variable
increases as the other increases the correlation
is positive; when one decreases as the other in-
creases it is negative. Complete absence of cor-
relation is represented by 0. The strength of
possible association between the two variables
is considered on the basis of absolute values of
r: 0-0.19 (very weak), 0.2-0.39 (weak), 0.40-0.59
(moderate), 0.6-0.79 strong, 0.8-1 (very strong).
To test whether the association between year
and isolation rates was merely apparent, and
might have arisen by chance we used the t test
in the following calculation:

t=r√[(number of observations - 2 degrees of
freedom)/(1-r2)].

The t value was compared with specific tables
of two-tailed distribution, and a P£0.05 was
considered as significant (10). Calculations of r
and t coefficients were performed by means of
Microsoft Excel 2011 for Macintosh (Microsoft
Corporation 2010).

n RESULTS

During the study period we observed a change
in the rate of UTIs at the IGG, that overall in-
creased from 2.69 in 2007 to 4.54 in 2011. The r
coefficient for this change during the study pe-
riod was 0.79, meaning a strong correlation be-
tween the two variables, but the P value was
not statistically significant. As shown in table 1,
which reports the rates of UTI due to Gram-
negative and ESBL-producing or CAZ-R
strains, in the same period, there were also
changes in the rates of UTI diagnosed in the
hospital units where children with UTI are rou-
tinely managed. 
However, the changes in the Nephrology Unit
had a coefficient r=0.95, showing a very strong
correlation (P <0.05), while the changes ob-
served in the Infectious Diseases Unit had a
strong correlation (r=0.77), but a non-signifi-
cant P value, and that observed in the Surgery
Unit had a weak correlation (r=0.38), without
statistical significance.
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As regards the isolation of resistant strains, we
observed a very strong correlation between
year and rate of ESBL-producing Gram-nega-
tives only in the Nephrology Unit (r=0.89,
P=0.05), a strong but not statistically significant
correlation in the Infectious Diseases Unit,
while the changes observed in the Surgery Unit
and in the IGG overall were with moderate or
weak correlation and without any statistical
significance (Table 1). 
Data regarding the rate of isolation of CAZ-R
strains indicate an increase in infections due to
these pathogens, albeit in the presence of a very
weak or, at best, moderate correlation between
year and rates of isolation in all the subgroups
analysed (Tab. 1). To gain insights into the cor-
relation between the year of study and the rates
of UTI and isolation of ESBL-producing strains
we created figure 1, which illustrates the data
plotted together with the linear regression
equation for the Nephrology (panel A) and In-
fectious Diseases (panel B) Units, i.e. those with
strong or very strong correlations between year
of study and rates of infection. No episode due
to carbapenemase-producing isolates was ob-
served.

n DISCUSSION

UTI is one of the most common bacterial infec-
tions both in adults and in children and Gram-

Table 1 - Rates (episodes/1000 patient-days at risk) of Gram-negative urinary tract infections, isolation of
ESBL-producing and ceftazidime-resistant strains.

2007 2008 2009 2010 2011 r coefficient P value

Urinary Tract Infections
IGG 2.69 3.97 4.82 4.54 4.45 0.77 ns
Nephrology 11.63 10.85 19.62 26.28 27.48 0.95 <0.05
Infectious Diseases 1.81 1.86 1.87 2.83 4.45 0.77 ns
Surgery 2.04 3.13 5.14 3.26 3.32 0.65 ns

Extended Spectrum Beta-Lactamase-producers
IGG 0.25 0.32 0.68 0.39 0.46 0.47 ns
Nephrology 0.54 0.8 1.31 1.13 2.55 0.89 0.05
Infectious Diseases 0.14 0.25 0.27 0.39 0.14 0.21 ns
Surgery 0.09 0.09 1.11 0.32 0.44 0.35 ns

Ceftazidime-resistant isolates
IGG 2.98 2.86 3.88 3.16 3.68 0.60 ns
Nephrology 4.18 2.23 2.28 3.94 5.89 0.57 ns
Infectious Diseases 0.65 1.49 0.8 1.16 1.00 0.18 ns
Surgery 0.89 0.92 2.22 0.95 1.99 0.54 ns

Legend: IGG=Istituto Giannina Gaslini; ns = not significant.

Figure 1 - Plots and regression line of rates of Gram-
negative urinary tract infections and isolation of
ESBL-producing isolates. A: Nephrology Unit, B: In-
fectious Diseases Unit.
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negative bacteria are the most common aetio-
logical agents involved. Moreover, in the paedi-
atric population, in particular in early child-
hood, UTI is the most common cause of fever
without any clinical sign of other sites of infec-
tion. The presence of vescicoureteral reflux is
the most common risk factor related to UTIs,
with other genito-urinary malformations and
neurogenic bladder dysfunction being less fre-
quently observed [11, 12]. 
From 2007 to 2011 we observed an increase in
the rate of diagnosis of UTI due to Gram-nega-
tive at IGG. This variation was most notable in
the Nephrology Unit which is the referral ward
within the hospital, especially for patients with
malformations and neurogenic bladder dys-
function. 
In these patients we noted a very strong corre-
lation between the year of observation and the
increasing rate of UTI, with a significant P val-
ue, suggesting that this observation was not
merely random. 
The increase in UTI was also observed in the In-
fectious Diseases Unit, where children with
acute febrile illness are frequently primarily ad-
mitted. In this case the correlation was not as
strong as the previous one and lacked statistical
significance. However, this does not strictly
mean that the observation might have arisen by
chance, but that perhaps more prospective data
are needed to observe even statistical signifi-
cance in a ward where UTIs are admitted non-
electively [10]. 
Interestingly, in the Surgery Unit, where uri-
nary tract malformations receive surgical treat-

ment, changes in the rate of UTI diagnosis were
not significant through the study period. This
increase in UTIs was associated with a strong
and significant increase in the rate of isolation
of ESBL-producing Gram-negatives in the
Nephrology Unit, but not in other wards. Also
the rate of CAZ-R Gram-negative isolates in-
creased in the Nephrology Unit, but not in a
statistically significant fashion. 
The increase in resistant pathogens as a result
of UTIs has been observed primarily in adults
[13-17]. Interestingly, in a prospective study
conducted in the Calgary Health Region, 28%
of ESBL E.coli infections were healthcare-ac-
quired [18]. 
Our results clearly indicate that this phenome-
non is also occurring in children, and especially
in wards where administration of long-term,
low-dosage antibiotics for prophylaxis of infec-
tions is common practice, especially in the pres-
ence of genito-urinary malformations that may
represent a risk factor for the development of
resistance among bacteria causing the infec-
tions [12, 19]. These data indicate the risk that in
the near future antibiotic-resistant Gram-nega-
tive bacteria might represent a severe problem
for children with genito-urinary malformations
and UTIs, and the need for new, different pro-
phylactic strategies in order to avoid the risk of
selecting resistant bacteria that have no thera-
peutic options.

Keywords: urinary tract infections, paediatrics,
extended spectrum beta-lactamase, ceftazidime
resistance.

Urinary tract infections (UTIs) are an important
cause of morbidity in paediatrics, especially relat-
ed to urinary tract malformation and neurogenic
bladder dysfunction. 
The infection control team of Istituto Giannina
Gaslini, Genova, Italy, performs a prospective sur-
vey on the epidemiology of UTI in children ad-
mitted in the hospital, and data are expressed as
episodes/1000 days of hospital admission. 
From 2007 to 2011 there was an increase in the rate
of Gram-negative UTIs, especially in the Nephrol-
ogy Unit (from 11.63 to 27.48, r-coefficient 0.95,
P<0.05), associated with an increase in infections
due to ESBL-producing strains (from 0.54 to 2.55,

r-coefficient 0.89, P=0.05). This study indicates
that there is an increase in the rate of Gram-nega-
tive UTIs, also due to resistant strains. 
The cause may be multifactorial, but it is notewor-
thy that it has been mainly observed in a ward
where low-dose, long-term administration of an-
tibacterial prophylaxis in children with urinary
malformations or neurogenic bladder dysfunction
is routine. 
This phenomenon gives cause for concern and
should be monitored carefully to avoid the risk of
selecting resistant bacteria that have no therapeu-
tic options.
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Le infezioni delle vie urinarie (IVU) sono una impor-
tante causa di morbosità in pediatria, specialmente in
presenza di malformazioni delle vie urinarie o disfun-
zioni neurologiche della vescica. Il Comitato Infezioni
Ospedaliere dell’Istituto Giannina Gaslini - Genova -
esegue una sorveglianza prospettica sulla epidemiologia
delle IVU in bambini ricoverati presso l’Istituto, e i da-
ti sono riportati come tasso di episodi/1000 giornate di
ricovero. Nel periodo 2007-2011 si è osservato un au-
mento dell’incidenza delle IVU da batteri Gram-negati-
vi, soprattutto nell’Unità Operativa di Nefrologia (da
11.63 a 27.48, coefficiente r 0.95; P<0.05), associate ad

un aumento del tasso di infezioni da ceppi ESBL-pro-
duttori (da 0.54 a 2.55, coefficiente r 0.89; P=0.05).
Questo studio dimostra un aumento delle IVU da
Gram-negativi, specie resistenti ai beta lattamici, in pe-
diatria. Le cause possono essere multiple, ma è signifi-
cativo che questa variazione epidemiologica si osservi
soprattutto in un reparto dove viene routinariamente
utilizzata profilassi antibatterica per tempi molto lun-
ghi e a basso dosaggio. Questo fenomeno è preoccupan-
te e necessita di monitoraggio attento al fine di ridurre
il rischio di selezione di ceppi batterici con scarse o nul-
le opzioni terapeutiche. 

SUMMARY
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