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Abstract

Purpose To evaluate paediatric antibiotic prescription patterns
in Italy in an extra-hospital setting at the national, regional, and
Local Health Unit (LHU) level.

Methods Data sources were regional prescription databases.
Eight Italian regions participated in the study providing data
for the year 2008, with two exceptions (where the data for
2009 and 2006 were provided instead). A total of 4,828,569
children were included: 58% of the Italian population under
15 years old. Antibiotic prevalence rates, prescription rates
and prescriptions distribution by class were evaluated at the
regional and LHU levels. The correlation among mean
latitude, Human Development Index (HDI), hospitalisation
rate, satisfaction index for the National Health Service,
number of paediatricians per 1,000 resident children and
prevalence rate was evaluated by regions.

Results The estimated pooled average prevalence rate was
50.5% (95%CI 45.7-55.3). Between-regions prevalence rates
ranged from 42.6% to 62.1% and at the LHU level they ranged
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from 35.6% to 68.5%. There was a trend indicating that in
southern regions antibiotics are more frequently prescribed
than in the northern and central regions (Cochrane—Armitage
test Z=—187.5 p<0.0001). Overall, penicillin covered 53.1%
of antibiotic prescriptions, with differences between regions
ranging from 39.2% to 62.5%. A direct correlation was found
between the prevalence rate and HDI (p=0.031), while an
inverse correlation was found with paediatricians per 1,000
resident children (p=0.038).

Conclusions We found that relevant differences exist between
the northern and the southern part of the country, and the
heterogeneity among LHUs is higher. The greater use of anti-
biotics in the southern regions is related to lower HDI and
does not seems to be justified by the higher prevalence of
infectious diseases.

Keywords Anti-bacterial agents - Drug utilisation - Child -
Prescription - Outpatients

Introduction

Antibiotics are the most frequently prescribed drugs in children
[1]. Tt is well known that antibiotics are too often prescribed to
children for treatment of paediatric diseases such as upper
respiratory tract infections that are, in the majority of cases,
casily self-managed [2]. It has been estimated that almost half
of antibiotic prescriptions given to children by a primary care
physician are unnecessary [3]. Acute otitis media is the most
commonly diagnosed disease in children and it is often self-
limiting [4]. The application of clinical practice guidelines on
the correct use of antibiotics in acute otitis could avoid antibi-
otic therapy in three quarters of cases [1]. Antibiotic over-
prescription is a very complex problem also in children and
several reasons for this phenomenon can be ascribed to
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paediatricians. The most important of these factors are diag-
nostic uncertainty and perceived parental expectations of anti-
biotic prescriptions [5]. The existing healthcare system and
patient- or parent-related sociocultural and economic determi-
nants are also responsible for geographic differences in pre-
scription profiles [6].

Quantitative and qualitative differences in antibiotic pre-
scriptions were found between and within countries. Data
collected by the European Surveillance of Antimicrobial
Consumption (ESAC) revealed that in Europe antibiotic con-
sumption, expressed as defined daily dose per 1,000 inhabitants
(DID), ranged from 9.2 DID in the Russian Federation to 34.7
DID in Greece [7]. Italy was the third country in descending
order of DID. The distribution of antibiotic prescriptions by
classes also differed among countries [7].

Differences between geographic contexts within the same
country were observed in studies performed in Germany [8],
Switzerland [9], United Kingdom [10] and Israel [11].

According to data reported by the National Drug Utilisation
Monitoring Centre, which provides reimbursed pharmaceutical
expenditure monitoring at the national and regional levels,
antibiotic drug consumption between regions ranged from
16.1 to 39.9 DID in Italy [12].

In a similar manner, quantitative and qualitative differences
were also found in antibiotic prescriptions in the paediatric
population. An Italian child is, on average, at a 4-fold higher
risk of being exposed to antibacterial drugs than a British child
and a 3-fold higher risk than a Dutch child [1, 6].

Cephalosporins, a second-line treatment in most paediat-
ric infections, are widely prescribed in Italy (39% of paedi-
atric antibiotic prescriptions) while in the Netherlands and
Denmark this class represents less than one percent of total
antibiotic paediatric prescriptions [1, 6]. Another Italian
anomaly is represented by the high prescription rate of
parenteral antibiotics in outpatient children, especially in
the southern regions [1, 6].

Scant data are available concerning the differences in anti-
biotic prescriptions to children and adolescents between
regions. Several drug utilisation studies evaluated antibiotic
drug prescriptions to outpatient Italian children and adolescents,
but most of these studies cannot be compared because of differ-
ences in age range, observation period or admission criteria [5,
13-22]. Therefore, in order to evaluate paediatric prescription
differences in Italy, a multiregional study was carried out, using
a shared protocol for data extraction and analysis.

Materials and methods
The Italian National Health System

Italian healthcare is provided free or at a nominal charge
through a network of LHUs. Every Italian resident is registered

@ Springer

with a family (paediatric or general) practitioner. Children are
assigned to a paediatrician until they are 6 years old; after-
wards, the parents can choose to register a child with a general
practitioner. A national formulary is available, in which drugs
are categorised into two classes: class A includes essential
drugs that patients do not have to pay for and class C contains
drugs not covered by the National Health System (NHS). Most
antibiotics are free of charge.

Data source

Data sources were regional databases routinely updated for
administrative and reimbursement reasons. The databases
stored all community (i.e. outside the hospital) prescriptions
reimbursed by the NHS. Aggregated and anonymous data
were provided. Prescribed drugs were classified according
to the Anatomic Therapeutic Chemical (ATC) classification
system. Antibiotics were defined as all drugs belonging to
the JO1 ATC subgroup.

Regions that provided data to the National Drug Utilisation
Monitoring Centre and/or published reports concerning drug
prescriptions were identified [ 12, 23—-26]. Persons in charge of
regional pharmaceutical services were contacted and were
asked to provide data regarding drugs prescribed to the pae-
diatric outpatient population (<14 years old) during 2008. If
data concerning 2008 were not available, the last available
data were requested.

Eight regions participated in the study: Veneto, Lombardy,
Piedmont, Emilia Romagna, Umbria, Abruzzo, Lazio and
Puglia. All regions provided data for the year 2008, with the
exception of Lazio (2009) and Abruzzo (2006). For the Lazio
region details concerning antibiotic classes and active sub-
stances were not available.

Measures

The following measures were used in order to describe the
antibiotic prescription profile:

* Prevalence rate, expressed as number of individuals who
received at least one antibiotic prescription in a year,
divided by the number of residents (children<14 years
old). This was used to estimate the percentage of the
population exposed to antibiotics, representing the
chance of an individual receiving a prescription.

* Prescription rate, expressed as number of prescriptions
per treated child (child receiving at least one antibiotic in
a year). This was used as a measure of the consumption.

These indicators were calculated at the national, regional
and LHU Ilevels.

The percentage of overall antibiotic prescriptions that
were for amoxicillin was evaluated as the primary proxy
of rational drug use since it is considered the first choice
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treatment for the most common paediatric infections by the
main national and international guidelines [2, 4, 27-30].
The meta-analytic weighted average and 95% ClIs of the
prevalence rate of antibiotic drug prescriptions were esti-
mated using a random effect model [31].

Prescription distribution, as the percentage of prescriptions
per antibiotic class, was evaluated at the regional and LHU
levels considering four main antibiotic classes: penicillins,
cephalosporins, macrolides, and other antibiotics. The ten
most frequently prescribed active substances were compared
at the regional levels using the percentage of treated children.

The coefficient of variation (CV), defined as the ratio of the
standard deviation to the mean, was calculated for prevalence
and prescription rates to estimate the variability between and
within regions. Kendall’s W was calculated between ranks
associated with the most active substances in each region.
Kendall’s W was also calculated comparing ranks of each
region with ranks associated with the average mean values
of active substances (measured by percentage of children
treated).

A choropleth map of available prevalence rates data for
LHUs available was created using the software Arcmap version
10. The prevalence values were categorised into three classes
calculated on the basis of the mean+one standard deviation
(SD). According to NUTS (Nomenclature of Territorial Units
for Statistics), the Italian regions participating in our study were
grouped into three geographical areas: northern (Lombardy,
Piedmont, Veneto and Emilia Romagna), central (Umbria and
Lazio), and southern (Abruzzo and Puglia). A Cochrane—
Armitage trend test was used to assess the presence of a trend
in prevalence rates in the northern, central and southern
regions.

The correlation between antibiotic prevalence rates and pre-
scription rates and between prevalence rates and the ratio of
amoxicillin and penicillin (expressed as percentage of antibiotic
prescriptions) were calculated between- and within-regions us-
ing non-parametric rank correlation tests (Spearman’s tests).
Spearman’s rank correlation test and Pearson’s correlation test
were used to investigate the relationship between prevalence
rates and the following determinants (between regions) [32, 33]:

* Mean latitude.

* HDI (Human Development Index), a standard complex
index combining: life expectancy at birth, knowledge and
education, and standard of living, adequately weighted
[34].

+ Satisfaction index for the NHS.

* Hospitalisation rate. This was estimated taking into con-
sideration the Italian Ministry of Health’s data on hospi-
tal discharge forms for the 2008 and was expressed as the
number of admissions per 1,000 inhabitants (less than
15 years old).

*  Number of paediatricians per 1,000 resident children.

A stepwise linear multiple regression analysis was per-
formed considering regional prevalence rates as the dependent
variable group and the aforementioned five determinants as the
independent variable groups (fixing «=0.15). The adjusted R-
squared selection method was also used to verify the model.
Co-linearity between determinants was excluded. Statistical
analysis was performed using SAS software, version 9.1
(SAS, Cary, NC, USA).

Results
Quantitative differences

A total 0f 4,828,569 children were included in this evaluation,
which represents 58% of the Italian population 0—14 years old
(Table 1).

There were differences in prevalence rates between
regions. These ranged from 42.6% registered in Lazio to
62.1% in Puglia. The estimated pooled average prevalence
rate, adjusted and weighted by population size, was 50.5%
(95%CI 45.7-55.3). There were no relevant differences in
prevalence rate by sex in all the regions analysed. On
average, each treated child received 2.31 prescriptions of
antibiotic (from 2.05 in Veneto to 2.71 in Puglia). There was
a rank correlation between the prevalence and the prescrip-
tion rates at the regional level (1,=0.96; p=0.003).

At LHU level, the prevalence rates ranged from 35.6% to
68.5% (Fig. 1), while prescription rates ranged from 1.75 to
3.18.

Northern regions had a mean prevalence rate of 46.5%
(95% CI 46.4-46.6%), central regions had a mean preva-
lence of 44.1% (95% CI 44.0-44.2%), and southern regions
a mean prevalence rate of 61.1% (95% CI 61.0-61.2%).
There was a geographic trend between the three macro-
areas indicating that in southern regions prevalence is higher
than in the rest of the country (Cochrane—Armitage trend
test Z=—187.5 p<0.0001). Emilia Romagna was the region
with the lowest within-region prevalence CV (0.03), Lazio
and Veneto those with the highest one (0.13).

Determinants of prescriptions

Spearman’s correlation tests (between-regions analyses) of
prevalence rate toward possible determinants of prescription
did not find significant correlations. Pearson’s correlation
test found a significant correlation between prevalence rate
and HDI (r,=—0.75; p=0.03).

The multiple regression analysis found an inverse rela-
tionship between prevalence rate and HDI and a positive
relationship was found towards paediatricians per 1,000
resident children (aged 0-14). The overall R-square coef-
ficient of 0.836 indicated that the model accounted for
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Table 1 Number of children 0-17 years old, number of Local Health Unit (LHUs), average prevalence rates, prescription rates and prescribed
amoxicillin percentage by regions ordered by decreasing latitude from top to bottom

Regions Population = LHUs  Prevalence rate (%) Prescription  Prescribed
(n) (n) rate amoxicillin (%)*
Average with CI (95%) By LHUs minimum  Male/female
to maximum ratio
Veneto 675,529 21 45.6 (45.5-45.7) 36.8-58.4 1.09 2.05 28.1
Lombardy 1,360,604 15 452 (45.1-45.3) 36.3-50.8 1.10 2.24 22.2
Piedmont 585,196 13 452 (45.1-45.3) 42.0-52.8 1.08 2.11 13.5
E. Romagna 558,274 11 52.0 (51.9-52.1) 50.0-54.6 1.10 2.30 25.9
Umbria 111,799 4 54.7 (54.4-55.0) 51.3-61.6 1.10 2.36 22.1
Abruzzo 131,800 5 56.4 (56.1-56.7) 44.8-59.6 1.10 2.44 10.3
Lazio 785,052 12 42.6 (42.5-42.7) 35.6-53.4 1.09 NA NA
Puglia 623,217 6 62.1 (62.0-62.2) 58.5-68.5 1.09 2.71 8.7
Total 4,828,569 87 50.5 (45.7-55.3) 35.6-68.5 1.09 2.31 19.0

%% of overall prescriptions

83.6% of the variability of prevalence rates for the regions  (partial R-squared=0.265; p=0.038) of the variability of
available. HDI and number of paediatricians per 1,000  prevalence rates in the study population. No significant
resident children (aged 0-14) respectively accounted for  correlation was found between prevalence rate and the
56.5% (partial R-squared=0.565; p =0.031) and 26.5%  other determinants.

Fig. 1 Choropleth map of
available regions and Local
Health Units (LHUs). The
values of prevalence were
categorised into three classes
calculated on the basis of the
mean+1 SD

Prevalence rate (%)
[] not available
[] from 35.6% to 41.5%
[ from 41.6% to 55.2%
from 55.3% to 68.5%
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Qualitative differences

Prescribing patterns of different antibiotic classes in the
regions included are summarised in Fig. 2.

Overall, penicillins made up 53.1% of antibiotic prescrip-
tions, with differences between regions ranging from 39.2%
in Abruzzo to 62.5% in Lombardy. At the LHU level the
overall percentage of prescriptions that were for penicillin
ranged from 29.2% to 71.6%. Macrolides and cephalospor-
ins represented, on average, 21.8% and 23.1% of overall
prescriptions respectively. For cephalosporins the region
with the lowest percentage of prescriptions was Lombardy
with 18.6% and the highest percentage was registered in
Puglia with 30.4%. Macrolides ranged between 17.4%
(Lombardy) and 28.8% (Abruzzo).

Most frequently prescribed active substances

Amoxicillin-clavulanate was the most commonly prescribed
antibiotic: overall, almost one in two children treated with
antibiotics received at least one package of this drug in a year.
A total of 13 different active substances were retrieved among
the 10 most frequently prescribed in the seven regions under
consideration (Table 2). In all, 8 active substances were com-
mon in the first 10 ranks among all the regions selected.

The ten most frequently prescribed active substances
accounted for more than 90% of the prescriptions in all regions,
ranging between 92.8% in Abruzzo and 97.4% in Veneto.
Kendall’s W calculated between regions resulted in W=0.88
and p<0.0001, indicating a good concordance of ranks. No
active substance (of the eight common between the regions) had
the same rank in all regions. Amoxicillin-clavulanate was the
most frequently prescribed antibiotic in 6 out of the 7 regions
under consideration regions (not in Veneto) and it was the drug
with the lowest between-regions CV (0.14). The percentage of
children treated with this drug ranged from 39.1 to 58.0%.

Veneto | 1
1 | | |
Lombardy - |
| | 1
Piedmont H
| | | | | ™ Penicillins
ERomagna NN j 1 Cephalosporins
. | | | | | " Macrolides
Umbria +?| || e other
Abruzo | 1
1 | | | J
Pugia IS
| _ . ! !
0 20 40 60 80 100

Fig. 2 Percentage distribution (percentage of total prescription) of the
most prescribed antibiotic classes. Regions are in order of decreasing
latitude from top to bottom

Amoxicillin, was the second most frequently prescribed
antibiotic in most regions, it was the first drug in Veneto, but
was only the fifth in Abruzzo and Puglia. There was a wide
variability in the use of amoxicillin among the regions under
consideration: the percentage of treated children ranged from
15.8% (Puglia) to 40.3% (Veneto), with a between-regions CV
of 0.30. Amoxicillin covered 8.7% of the antibiotic prescrip-
tions in Puglia and 28.1% in Veneto, with an average value of
19.0% (Table 1). At the LHU level the amoxicillin percentage
of prescriptions ranged from 7.1% (Puglia) to 48.0% (Emilia
Romagna).

Among macrolides, clarithromycin was the most frequently
prescribed in all regions and the percentage of treated children
ranged from 16.8% (Emilia Romagna) to 26.2% (Puglia), with
a between-regions CV of 0.16. At least five cephalosporins
were among the ten most frequently prescribed active substan-
ces in all regions; the most frequently prescribed were cefaclor
and cefixime. Ceftriaxone, the most used parenteral cephalo-
sporin, figured among the ten most frequently used antibiotics
in most regions (with the exception of Veneto and Umbria) and
the percentage of children treated ranged from 1.5% (Lom-
bardy) to 5.2% (Puglia), with a between-regions CV of 0.60.
The drug with the highest between-regions CV was cefiriax-
one, followed by cefixime (0.42) and cefpodoxime (0.37).

Discussion

To the best of our knowledge this is the first large study
evaluating between- and within-region differences in antibi-
otic prescriptions in a paediatric population. Almost 5 mil-
lion children were included: 58% of the 0- to 14-year-old
Italian population. In this study we found that antibiotics are
widely prescribed in paediatric outpatients in Italy with both
quantitative and qualitative marked territorial differences.
The overall prevalence at the national level was 50.5%,
but this estimate is not representative of all the geographic
contexts. In fact, there was a 2-fold difference between the
LHUs with the highest and the lowest prevalence rates.
Within-region prevalence rate data showed heterogeneity
in all regions.

A strong correlation between prevalence and prescription
rates was found. In those areas characterised by higher
prevalence rates more children were exposed to a greater
number of antibiotic prescriptions. A greater use of second-
choice treatments was found in areas characterised by high
prevalence and prescription rates.

The HDI accounted for a large part of the variability in
prevalence rates, indicating that those regions with higher
life expectancy, literacy, education and standard of living are
more likely to have lower prevalence rates. Social and
economic factors are already known determinants of child
health inequalities. HDI by region represents a summary of
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Table 2 Most frequently prescribed Anatomic Therapeutic Chemical (ATC) ranks (decreasing order) by regions in ordered of concordance

coefficient” (decreasing order from left to right)

ATC drugs Mean values CV  Piedmont Lombardy Emilia Romagna Veneto Umbria Puglia Abruzzo
(% of children treated)
Amoxicillin-clavulanate 47.7 0.14 1 1 1 2 1 1 1
Amoxicillin 32.5 0.30 2 2 2 1 2 5 5
Clarithromycin 20.4 0.16 3 3 3 3 3 2 2
Azythromycin 159 0.19 4 4 4 4 4 4 3
Cefixime 132 0.42 5 6 5 6 6 3 4
Cefaclor 10.0 0.27 6 5 7 5 5 6 6
Cefpodoxime 59 0.37 7 7 6 7 8 8 9
Ceftibuten 5.3 0.31 8 8 8 8 7 7 7
Ceftriaxone 2.7 0.60 9 9 9 >10 >10 9 8
Cefuroxime 1.8 0.32 10 10 10 9 9 >10 >10
Kendall’s coefficient® 1.000 0.994 0.994 0.982 0.982  0.952 0.946

CV, coefficient of variation

Concordance coefficient calculated for each region considering ranks associated with average mean values of active substances (measured by

percentage of children treated) as a reference

the healthcare inequalities on a territorial basis, highlighting
a north—south trend, with a more developed north [35].

There was a direct correlation between prevalence rate and
the number of paediatricians per 1,000 resident children: those
areas with more paediatricians were more likely to be high
prevalence rate areas (i.e. southern regions). Nevertheless, the
chance of receiving an antibiotic prescription was not directly
related to the number of children each paediatrician cared for.
Other studies in the literature have found conflicting evidence
concerning the relationship between time constraints and pae-
diatric prescriptions [36]. On the contrary, our findings suggest
that the “busiest” paediatricians are not the ones that prescribe
more antibiotics; other factors may play a role [5, 18].

Qualitative differences and rational drug use

Since no details were available concerning the disease for
which antibiotics were prescribed, it was not possible to
evaluate the appropriateness of drug prescriptions. In fact,
to correctly assess if a particular disease is treated appropri-
ately, a disease-oriented indicator is needed [37].
Nevertheless, the assumption that amoxicillin, and pen-
icillins in general [38], should be the more frequently pre-
scribed antibiotic is supported by the evidence, since this
drug is considered the first-choice treatment for the most
common infectious diseases in children [2, 4, 27-30]. Large
differences were observed in the percentage of amoxicillin
or penicillin prescriptions. Although no statistically signifi-
cant correlation was observed between percentage of pre-
scribed amoxicillin or penicillin and prevalence rates, a
greater percentage of prescribed amoxicillin was found in
the northern regions. On the contrary, the southern regions
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with higher prevalence rates (Puglia and Abruzzo) were the
ones with the highest percentage of prescriptions for second-
choice treatments, and the consequent lower use of penicil-
lins and amoxicillin. In this area amoxicillin covered no
more than 10% of antibiotic prescriptions. Despite the fact
that there is no adequate monitoring of antibiotic resistance
between the different regions in outpatient children [39], it is
unlikely that a possible heterogeneity in resistance could be
responsible for such large differences in the prescriptions of
amoxicillin between north and south.

American Academy of Pediatrics [4] and NICE [2] guide-
lines continue to support amoxicillin, alone, as the first-choice
treatment for acute otitis media and for pharyngitis with a
bacterial aetiology. A source of concern could be represented
by amoxicillin being only fifth in the list of the most frequently
prescribed active substances in the southern regions and being
exceeded by macrolides. Macrolide exposure is recognised as
the most important risk factor for the development of resistance
to this drug class [22]. Further, the high between-regions CV
found for amoxicillin reflects a lack of agreement among
paediatricians in different geographic areas.

Amoxicillin-clavulanate was ranked as first in most
regions (excluding Veneto, where it was second). The drug’s
rank and low between-regions CV indicated that most of the
Italian paediatricians considered it to be the first-choice drug
for paediatric infectious diseases.

Prescription data on ceftriaxone continue to confirm the
trend observed in previous studies in the literature: it is pre-
scribed too often in the outpatient setting, especially in the
southern part of the country [1, 6]. Ceftriaxone prescriptions
to outpatients are allowed in Italy, although restricted to severe
infections; however, many paediatricians inappropriately



Eur J Clin Pharmacol (2012) 68:997-1005

1003

prescribe the drug to children who are non-compliant with the
first-line oral antibiotic therapy (i.e. vomiting) [1]. Ceftriaxone
is the third-generation cephalosporin that caused the highest
number of serious adverse reactions in Italian children in the
2001-2008 period [40]. In 10% of cases the drug was pre-
scribed for pharyngo-tonsillitis [40]. This is an issue of con-
cern and clinicians should be aware of it and prescribe this
important therapeutic agent only when recommended treat-
ments have failed. Its use should be restricted to the hospital
setting.

The high level of use of other oral cephalosporins, such as
cefaclor, also appears unjustified, since these are not recom-
mended as first-choice therapy for otitis media and pharyngo-
tonsillitis, the two most common paediatric infectious diseases
[2, 4]. Differences in antibiotic prescriptions at the local level
may be influenced by the availability of local therapeutic
protocols or guidelines.

The Emilia Romagna region adopted regional guidelines
on the treatment of pharyngo-tonsillitis and acute otitis media
in 2007 [29, 30]. The adoption of regional guidelines was
preceded by other regional projects involving paediatricians
and parents, with the objective of identifying principal deter-
minants of antibiotic prescription in children in the region.
The fact that Emilia Romagna was one of the regions with the
highest percentage of amoxicillin prescription (25.9%) may be
due to the adoption of guidelines. In some of this region’s
LHUs amoxicillin represented almost 50% of the antibiotics
prescribed.

Educational and training programmes aimed at paediatri-
cians may improve the appropriateness of drug prescrip-
tions, as observed in other local and regional Italian
settings [5, 19]. High-prevalence European countries (such
as Belgium and France) have initiated national regulatory
and educational programmes promoting the rational use of
antibiotics in the community. These campaigns have been
repeated for several years with good results in terms of
better adherence to guidelines and an overall decrease in
consumption [41].

The implementation of national, shared guidelines on the
management of infectious diseases, especially in children,
has been important in some countries (especially in France),
but this is not enough to ensure a correct use of antibiotics,
since adherence by physicians is not so common [42, 43]. It
was observed that the senior physicians (specialists) who
had the highest quantity of services were those less likely to
correspond to guideline recommendations and that amoxi-
cillin therapy is the less compliant with the guidelines,
mostly because of under-dosing or therapy of inadequate
duration [44].

In some cases previous studies have demonstrated that,
even if using approaches that are known to influence phy-
sician behaviour, it is sometimes very difficult to change
prescribing habits [42]. Nevertheless, it has been proved that

children who are not treated according to guideline recom-
mendations have a higher chance of receiving another sub-
sequent prescription in the next few days, thus increasing
the possibility of resistance [42]. Guidelines are excellent in
terms of evidence and quality of the studies reviewed, but
often they are not focused on specific behaviours to adopt in
specific cases, and the part concerning the recommendation
is not concise enough, often resulting in the recommenda-
tion getting lost [43].

The WHO and the Italian Medicines Agency have recently
promoted informative campaigns on antimicrobial resistance,
and, while this may be useful for the general population’s
knowledge of this major issue, it is doubtful whether such large
and generalised campaigns can effectively improve paediatric
antimicrobial therapy in primary healthcare, taking into con-
sideration the major territorial differences that have been dem-
onstrated. The paediatrician’s prescribing attitude is probably
responsible for a good part of the variability observed in
antibiotic prescription [5, 18]. A local, focused approach is
therefore recommended.

A recent meta-analysis on interventions involving physi-
cians to improve treatment in children with upper respiratory
tract infections showed that an evidence-based decision sup-
port system or clinical algorithms improved antibiotic pre-
scribing behaviour, reducing antibiotic prescriptions [45]. It
was also demonstrated that the use of rapid antigen test
detection in clinical practice determines a significant decrease
in antibiotic prescriptions in children [46].

Variability in antibiotic use was also detected by other
studies within other countries. Such a phenomenon requires
additional international studies to correctly evaluate if there
are common determinants. In order to promote a more
homogeneous and rational use of drugs in children within
countries, the adoption of a European formulary of paediat-
ric medicines should be considered [47].

Strengths and limitations

Regions included in this study are representative of different
economic, socio-demographic and geographic settings. The
study included data on a very large paediatric population
with the same age ranges in the different regions, and that
involved common observation periods. Nevertheless, there
were some limitations. Geographic distribution of data was
unbalanced towards the northern regions. Only 15% of the
overall population was resident in the southern area of the
country (Abruzzo or Puglia) and this could lead to an
underestimation of the national prevalence and prescription
rate, since it has been shown that southern regions are likely
to have higher prevalence rates. Furthermore, information
on the disease was lacking, but this is an intrinsic limitation
of all pharmacoepidemiological studies using prescription
databases.
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Conclusions

In conclusion, we found that relevant differences exist between
the northern and the southern parts of the country, and the
heterogeneity is higher at the LHU level. The greater use of
antibiotics in the southern regions is related to lower HDI and
does not seems to be justified by higher prevalence of infec-
tious diseases. There is a lower use of amoxicillin and a higher
use of second-line treatments in the south of the country.
Greater amoxicillin use is observed in the few LHUs that
entertained educational and training programmes for paedia-
tricians’ attitudes to antibiotic prescription, which is probably
the most important modifiable variable and should be the
primary target of interventions. Therefore, in order to decrease
prescriptions and improve appropriateness, continuous, active
teaching and auditing in primary care focused at the territorial
level is recommended. Moreover, unjustified NHS expenditure
differences, which are not covered in this study, exist, even
within the same geographical settings, and these are strictly
connected with over-prescription. An intervention is therefore
particularly needed in these areas.
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