Eur J Clin Pharmacol (2015) 71:991-999
DOI 10.1007/s00228-015-1870-7

PHARMACOEPIDEMIOLOGY AND PRESCRIPTION

Trends in paediatric macrolide use in five European
countries—a population-based study

Jakob Holstiege' - Dirk Enders' - Tania Schink' - Francesco Innocenti*” -
Alessandro Oteri* - Irene Bezemer® - Florentia Kaguelidou*® - Mariam Molokhia” -
Elisabetta Poluzzi® - Aurora Puccini® - Sinna Pilgaard Ulrichsen” -

Miriam C. Sturkenboom* - Gianluca Trifiro*'® - Edeltraut Garbe "'

Received: 4 March 2015 /Accepted: 13 May 2015 /Published online: 22 May 2015

© Springer-Verlag Berlin Heidelberg 2015

Abstract

Purpose The study aims to analyse overall as well as
subgroup-specific outpatient paediatric macrolide use in five
European countries, including time trends of macrolide pre-
scription rates, and to provide potential targets for future in-
terventions aiming to promote judicious macrolide use.
Methods Macrolide prescription rates per 1000 person years
to paediatric outpatients (<18 years) were calculated using
healthcare databases from Denmark, Germany, Italy,
The Netherlands and the UK. Poisson regression analysis
was used to estimate the influence of increasing calendar year
on total macrolide and subgroup-specific prescription rates
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based on monthly data, adjusted for seasonal variations. Time
periods for which data were available varied between 4 (Italy
2007-10, Germany 2005-8) and 10 years (UK 2000-9).

Results Paediatric macrolide use in 2008 varied between 199
(Italy) and 47 (Netherlands) prescriptions per 1000 person
years. Prescription rates of short-acting macrolides declined
significantly in all countries but the UK. The use of
intermediate-acting macrolides significantly rose with increas-
ing calendar year in Denmark (rate ratio (RR) = 1.12) and the
UK (RR = 1.06), but decreased in Germany (RR = 0.84) and
The Netherlands (RR = 0.97). Prescription rates of long-acting
agents increased in Denmark (RR = 1.05), The Netherlands
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(RR =1.05) and the UK (RR = 1.11) (all trends p < 0.05). The
greatest seasonal variations of macrolide use between summer
and winter months were observed in Italy and Germany.
Conclusions The observed trend toward increased prescribing
of intermediate- and/or long-acting agents might further in-
crease resistance pressure on bacterial pathogens due to their
prolonged plasma half-life and broader antibacterial activity.
Marked seasonality of prescription rates in the high-utilising
countries, Italy and Germany, suggests frequent prescription
of macrolides to treat respiratory infections which may be of
viral origin.

Keywords Macrolides - Utilisation - Antibiotic resistance -
Paediatric - Prescription rate - Electronic healthcare database

Introduction

Macrolides are among the most frequently prescribed antibi-
otics in the treatment of childhood and adolescent infections in
primary care [1]. Several studies suggest that there is a strong
association between high macrolide use and the emergence of
macrolide-resistant strains of common pathogens [2—5].
Moreover, dual beta-lactam/macrolide resistance is frequent,
particularly among paediatric serotypes, and a high use of
macrolides has been considered as a major factor in the in-
crease in dual beta-lactam/macrolide resistance [6].

Overall, the outpatient utilisation of macrolides increased
throughout Europe in recent years, mostly due to increased
use of intermediate- (e.g. clarithromycin) and long-acting
agents (e.g. azithromycin) [7]. This coincided with a general
shift toward increased outpatient prescription of broad-
spectrum antibiotics in many European countries, [8] and the
burden of broad-spectrum prescribing might be particularly
pronounced in paediatric primary care [9].

In contrast to short-acting agents such as erythromycin,
intermediate- and long-acting macrolides feature a more
favourable dosing profile, less frequent side effects and a
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broader antibacterial spectrum [7]. Nevertheless, the longer
plasma half-life and broader antimicrobial activity of these
agents might even enhance resistance selection in bacterial
pathogens [10] and possibly result in new phenotypes of re-
sistant bacteria [11].

The European Surveillance of Antimicrobial Consumption
Project (ESAC) was established in 2001 with the aim to gather
reliable and comparable information on the utilisation of anti-
biotics throughout Europe [8]. From this project, data about
outpatient macrolide use across Europe is available, albeit
without distinguishing between adults and children [7]. So
far, comprehensive data on macrolide use among children
and adolescents from European countries are lacking. Detailed
knowledge of prescribing patterns is mandatory to identify
targets for future interventions designed to promote rational
macrolide use. In this regard, the current study aimed to ana-
lyse patterns of paediatric macrolide use in Denmark, Germa-
ny, Italy, The Netherlands and the UK, based on a
standardised protocol for data extraction and analysis for each
country developed within the EU-funded collaborative ARIT
MO project (www.aritmo-project.org). The specific objectives
were (1) to describe overall and subgroup-specific (short-,
intermediate- and long-acting agents) prescription rates of
macrolides in children and adolescents of different age groups
per country and (2) to estimate country-specific time trends in
total and subgroup-specific paediatric macrolide prescription
rates.

Methods

Data were retrieved from one general-practice database (The
Health Improvement Network (THIN), UK), one outpatient
pharmacy dispensing database (PHARMO,
The Netherlands) and three claim databases (Aarhus Univer-
sity Hospital Database, Denmark; the German
Pharmacoepidemiological Research Database (GePaRD),
Germany; Emilia Romagna regional database, Italy).

These electronic healthcare databases cover a total source
population of approximately 23 million persons. The Aarhus
University Hospital Database covers the entire population of
the Northern and Central region of Jutland (~1.8 million Dan-
ish inhabitants), which accounts for about 30 % of the total
Danish population. The Emilia Romagna regional database
contains information on all healthcare services reimbursable
by the Italian National Health Service for the about 4.5 million
inhabitants of the Emilia Romagna region in Northern Italy.
GePaRD collects insurance claims from four statutory health
insurance (SHI) providers in Germany of more than 17 million
insurants from all German federal states. Three of the four
SHIs contributing data to GePaRD approved the study,
resulting in a source population of about 8 million insurants.
PHARMO gathers healthcare data from 3.2 million
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inhabitants of 65 municipal areas in The Netherlands. THIN
includes information from primary care medical records from
over 500 general practices of about 5.9 million active regis-
tered patients from the UK. Overall population coverage var-
ied between countries ((estimated values) Denmark 30 %;
Germany 10 %; Italy 8 %; Netherlands 19 %; UK 9 %).

All five databases comprise medical information of a de-
fined population and are in compliance with European Union
guidelines on the usage of medical data for research. The
study was approved by regulatory agencies or by scientific
advisory boards of the databases, whenever applicable. A de-
tailed description of database characteristics, regarding valid-
ity and representativeness of databases, approvals for use of
data, and methods used to locally extract and aggregate data
can be found elsewhere [1].

The study was conducted in an open cohort design. The
study population in each country comprised all children and
adolescents up to the age of 18 years who contributed data to
one of the databases during the time period for which data was
available. Data availability varied between databases. Data-
base coverage was longest for the UK (2000-2009), followed
by The Netherlands (2001-2009), Denmark (2001-2008), It-
aly (2007-2010) and Germany (2005-2008). Cohort entry
was defined as the beginning of the time period covered by
the respective database or—if later—the first date a person
entered into the database. Cohort exit was defined as exit of
the person from the respective database, 18th birthday, death,
first interruption of follow-up in the database or the end of the
time period covered by the database, whichever came first.

Outpatient prescriptions of macrolides were divided into
three subgroups according to their mean plasma elimination
half-life [7] (agents and ATC-codes in brackets): short-acting
macrolides (erythromycin (JO1FAO1); spiramycin (JO1FA02);
miocamycin (JO1FA11); rokitamycin (JO1FA12)),
intermediate-acting macrolides (roxithromycin (JOIFA06);
josamycin (JO1FAOQ07); clarithromycin (JO1FA09);
telithromycin (JO1FA15)) and long-acting macrolides
(azithromycin (JO1FA10)). Prescription rates, i.e. the number
of prescriptions of macrolide subgroups per 1000 person years
in the year 2008, were estimated for different age groups (<4,
5-9, 10-14 and 15-18 years) per country. The choice of these
age bands was based on previous studies of antibiotic
utilisation in the paediatric setting, which used similar or iden-
tical age group classifications [1, 12, 13]. The year 2008 was
chosen, since it was the most recent year covered by all five
databases.

For each country, a Poisson regression analysis was per-
formed to investigate the influence of increasing calendar year
and season on monthly macrolide prescription rates. Analyses
were based on monthly macrolide prescription rates per coun-
try. We assumed that there was a log-linear relationship be-
tween the year and the prescription rate. A visual examination
of the Pearson residuals did not indicate a violation of this

assumption. Season was included as a dummy-coded variable
with four categories (spring March to May, summer June to
August (reference period), autumn September to November,
winter December to February). Rate ratio estimates for calen-
dar year and the (dummy-) coded season variable as well as
corresponding likelihood ratio test p values were calculated.
The analyses were repeated for each macrolide subgroup.
Since over-dispersion was expected (and present in all regres-
sion analyses), all regression models included a dispersion
parameter. Statistical analyses were conducted with SAS 9.3.

Results

The average annual study population, i.e. the average annual
number of children covered by the included databases, com-
prised 336,576 children from Denmark, 799,194 children from
Italy, 1,340,163 children from Germany, 601,280 children
from The Netherlands and 768,631 children from the UK.

In 2008, total macrolide use varied between 46.8
(Netherlands) and 198.6 (Italy) prescriptions per 1000 person
years (Table 1). In Denmark, macrolide prescription rates were
most frequent in the age group 1518 years while they were
highest among very young children (0—4 years) in the four
other countries (Table 1).

Intermediate-acting agents were most frequently prescribed
in Italy and Germany, whereas preferential use of short-acting
agents was observed in the UK and Denmark. In contrast,
relative use of short-acting agents in Italy was negligible. Only
in The Netherlands, where overall macrolide use was very
low, were long-acting macrolides the most prescribed sub-
group (Table 1).

The ranking of macrolide subgroups by their magni-
tude of use was similar in all age groups in Italy,
The Netherlands and the UK. In Germany,
intermediate-acting agents were most frequently pre-
scribed to patients above 9 years of age, whereas in
younger children, short-acting agents were preferred. In
Denmark, long-acting macrolides were most frequently
prescribed to adolescents aged 15-18 years, but short-
acting macrolides were the subgroup with the highest
prescription rates in the three remaining age groups
(Table 1).

In the year 2008, erythromycin was the only short-acting
agent prescribed to children and adolescents from Denmark,
Germany, The Netherlands and the UK, whereas rokitamycin
(57.7 %) was most commonly prescribed in Italy, followed by
erythromycin (25.8 %), spiramycin (9.9 %) and miocamycin
(6.6 %, data not shown). Use of intermediate-acting agents in
The Netherlands and the UK was limited to clarithromycin,
and in Italy, it covered 96.4 % of this subgroup. In Denmark
and Germany, roxithromycin was frequently used, as well,
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Table1  Short-, intermediate- and long-acting macrolide prescription rates per 1000 person years in children and adolescents by age group in the year
2008

Age groups Macrolide subgroup Aarhus (Denmark) Emilia Romagna (Italy) GePaRD (Germany) PHARMO (Netherlands) THIN (UK)

Px rate® %° Px rate® %° Px rate® %° Px rate® %° Px rate® %"

04 Short-acting 53.5 65 6.2 3 81.3 57 7.7 10 84.3 82
Interm.-acting 12.7 15 119.7 51 232 16 27.8 35 12.8 12

Long-acting 159 19 106.8 46 383 27 441 55 6.1 6

All 82.1 100 2327 100 142.8 100 79.6 100 103.2 100

5-9 Short-acting 14.1 57 5.0 2 46.8 44 3.7 8 432 82
Interm.-acting 4.7 19 101.2 49 28.4 27 16.7 37 6.3 12

Long-acting 6.0 24 100.7 49 30.6 29 242 54 32 6

All 24.8 100 206.9 100 105.8 100 44.6 100 527 100

10-14 Short-acting 14.1 46 5.1 3 17.8 21 2.1 8 41.6 82
Interm.-acting 9.6 31 79.3 50 42.6 49 10.8 40 6.3 12

Long-acting 6.8 22 73.0 46 26.1 30 14.0 52 2.6 5

All 30.5 100 157.4 100 86.5 100 26.9 100 50.5 100

15-18 Short-acting 34.1 27 9.1 5 7.2 5 2.8 7 60.0 82
Interm.-acting 26.7 21 90.4 51 78.6 60 13.7 35 8.7 12

Long-acting 63.8 51 77.0 44 45.9 35 22.6 58 4.9 7

All 124.6 100 176.5 100 131.7 100 39.1 100 73.6 100

0-18 Short-acting 27.0 45 6.2 3 36.8 32 4.0 9 56.8 82
Interm.-acting 12.6 21 100.3 51 42.7 38 17.0 36 8.5 12

Long-acting 20.8 34 92.1 46 343 30 25.8 55 4.1 6

All 60.4 100 198.6 100 113.8 100 46.8 100 694 100

The year 2008 was chosen, since it was the most recent year covered by all five databases
# Prescriptions per 1000 person years

P Column percentages indicating relative contributions of subgroup-specific prescription rates to total macrolide prescription rates per age group in a
given country

and accounted for 56.8 and 37.8 % of prescribing of  Discussion
intermediate-acting macrolides, respectively.

A statistically significant change in total macrolide pre-  The results of this population-based, multi-database study pro-
scription rates with increasing calendar year was only ob-  vide a comprehensive examination of paediatric outpatient use
served for Germany (RR = 0.88 p < 0.05, Table 2), indicating  of macrolides, overall and by subgroups, over time in five
an overall decrease of about 32 % from 2005 to 2008. Pre-  European countries.
scription rates of short-acting agents showed a significant de- Our data illustrates striking variations of overall paediatric
cline over time in all countries, except the UK. The use of = macrolide use across countries. In 2008, paediatric macrolide
intermediate-acting macrolides rose significantly with increas- ~ prescription rates in Italy were more than four times higher

ing calendar year in Denmark (RR = 1.12, p <0.05) and the  than those in The Netherlands, the country with the lowest
UK (RR = 1.06, p < 0.05), but decreased in Germany  use. The ranking of countries by magnitude of macrolide use
(RR = 0.84, p < 0.05) and The Netherlands (RR = 0.97,  was consistent with their respective total antibiotic use as pre-
p <0.05, Table 2). Prescription rates of long-acting agents  viously observed [1]. Accordingly, variations of paediatric
significantly increased with calendar year in Denmark  macrolide use between the studied countries are mostly ex-
(RR = 1.05, p < 0.05), The Netherlands (RR = 1.05, plained by different levels of overall paediatric antibiotic use.
p < 0.05) and the UK (RR = 1.11, p < 0.05, Table 2).  The observed considerable differences of macrolide prescrip-
In all countries, macrolide prescription rates were  tion rates as much as antibiotic use in general likely reflect
highest during the winter and lowest during the summer  differences in the appropriateness of prescribing patterns rath-
months (Fig. 1). The rate ratio of summer-to-winter  er than strong variations in the burden of paediatric bacterial

macrolide prescriptions per year was highest in Germa-  infections between countries.
ny (RR = 2.44, p < 0.05) and lowest in Denmark While overall paediatric macrolide use remained stable
(RR = 1.49, p < 0.05, Table 2). throughout the country-specific observational periods in all

@ Springer
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Table2 Rate ratios of total and subgroup macrolide prescription rates for increasing calendar year and different seasons compared to summer months

Macrolide subgroup Variable

Aarhus (Denmark) Emilia Romagna (Italy) GePaRD (Germany) PHARMO (Netherlands) THIN (UK)

All Calendar year 1.00 0.95
Season®
Spring 1.19° 1.66°
Autumn 1.29° 1.47°
Winter 1.49° 2.02°
Short-acting Calendar year 0.95° 0.67°
Season®
Spring 1.15° 1.71°
Autumn 1.26° 1.26
Winter 1.45° 2.01°
Intermediate-acting ~ Calendar year 1.12° 0.94
Season”
Spring 135° 1.71°
Autumn 1.39° 1.49°
Winter 1.71° 2.18°
Long-acting Calendar year 1.05° 0.98
Season®
Spring 1.20° 1.60°
Autumn 1.31° 1.45°
Winter 1.46° 2.85°

0.88° 1.00 1.00

1.75° 1.23° 1.28°
1.58° 1.17° 1.26°
2.44° 1.56° 1.60°
0.86° 0.88° 0.99

1.72° 1.21° 1.27°
1.61° 1.20° 1.25°
2.50° 1.48° 1.58°
0.84° 0.97° 1.06°
1.85° 1.23° 1.33°
1.61° 1.16° 1.34°
2.56° 1.57° 1.75°
0.96 1.05° 1.11°
1.63° 1.23° 1.27°
1.49° 1.17° 1.24°
2.19° 1.58° 1.56°

Results from Poisson regression analyses represent changes from one year to another and changes between seasons (Reference period = summer) of
paediatric macrolide prescription rates per country; country-specific time periods, used for analyses: Denmark 2001-2008, Germany 2005-2008, Italy

2007-2010, Netherlands 2001-2009, UK 20002009
* Reference period = summer

" Indicating statistically significant effects at p < 0.05

countries but Germany, changes of prescription rates of
macrolide subgroups over time were common. Our analysis
demonstrated that prescription rates of short-acting macrolides
declined significantly in all countries, except the UK. Concur-
rently, use of intermediate- and/or long-acting agents rose in
Denmark, The Netherlands, and the UK and showed no rele-
vant change in Italy. This is in line with findings by
Adriaennssens et al. who observed a common trend toward
increased prescribing of intermediate- and long-acting
macrolides relative to short-acting agents in the general Euro-
pean population [7]. In the current study, annual increases
in prescription rates of intermediate- and long-acting
macrolides were most pronounced among paediatric out-
patients in Denmark and the UK, amounting to overall
increases of 121 % in 8 and 156 % in 10 years, respec-
tively. The shift of prescribing preferences from short-
acting toward intermediate- and long-acting macrolides
can likely be explained by the superiority of the most
commonly prescribed agents clarithromycin and
azithromycin in terms of dosing profile, side effects and
spectrum of antimicrobial activity in contrast to erythro-
mycin [7]. Nevertheless, the observed trend might further
accelerate the development of antibiotic resistance, due to

increased plasma half-life and broader antimicrobial activ-
ity of intermediate- and long-acting macrolides [7, 10].

Only in Germany, significant reductions of overall
macrolide use were observed over time, which coincided with
a general trend toward lower prescribing of systemic antibi-
otics to the paediatric population in Germany from 2005 to
2008 [1]. However, with 16 % overall reductions of crude
annual paediatric antibiotic prescription rates were less pro-
nounced than those observed for macrolides (34 %). Since
Adriaenssens et al. found no relevant decrease in the
utilisation of macrolides (measured as defined daily doses
per 1000 inhabitants per day) in the German population of
all ages from 2005 to 2008 [7], the observed strong decrease
of' macrolide prescription rates seems to be limited to the pae-
diatric population.

Despite these overall reductions, macrolide use among
German children and adolescents in 2008 remained the second
highest after Italy and exceeded the use in The Netherlands by
a factor of 2.4. Taken in conjunction with the strong seasonal
variations of macrolide prescription rates in Italy and Germa-
ny, the high total use in these countries suggests common high
prescribing of macrolides to potentially treat winter respirato-
ry infections of mostly viral origin in these two countries [14].

@ Springer
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Fig.1 Crude monthly macrolide prescription rates per 1000 person years (children and adolescents <18 years). The vertical grid lines indicate the month

December in a given year

Irrespective of common trends in subgroup-
specific prescription rates, distributions of macrolide subgroups
varied markedly across countries in 2008, both overall and by
age groups. Only in the UK, short-acting macrolides were more
often prescribed in all age groups than intermediate- and long-
acting macrolides combined. This pattern of prescribing is
probably driven by financial incentives of the National Health
Service to reward cost-conscious prescribing by general practi-
tioners [7]. By contrast, prescription rates of short-acting
macrolides in Italy decreased strongly from 2007 to 2010 and
use of this subgroup in 2008 was negligible across all age
groups. In 2008, overall prescription rates of each of the two
other subgroups alone in Italy were higher than the total paedi-
atric macrolide use in Denmark, The Netherlands and the UK,
respectively. This suggests frequent prescribing of these agents
as first-line treatment which is not recommended for common
childhood infections by international practice guidelines [1,
15—17]. Moreover, total paediatric use of intermediate- and
long-acting macrolides in Italy might have been even higher
than suggested by our data from the northern Italian region
Emilia Romagna, due to considerably higher prescribing of
these agents in southern regions [18]. The observed patterns
of prescribing to paediatric outpatients in Italy may facilitate

@ Springer

development of substantial resistance to bacterial pathogens.
So far, the frequency of macrolide resistance among invasive
pneumococci isolates from Italy is already the highest in Eu-
rope, according to European surveillance data [6].

In general, due to strong selective pressure of macrolides
on and already high resistance rates among common patho-
gens across Europe [6, 19], their use in the treatment of child-
hood infections should be limited. Potential benefits due to
favourable dosing profiles and shorter courses of therapy in
contrast to penicillins, which offer a similar antibacterial spec-
trum, are outweighed by the risk of further increasing selective
pressure on bacteria, in many cases. In addition, restricting the
broad utilisation of macrolides would contain the risk of bac-
teriologic failure of macrolides in (3-lactam allergic patients.

The development and wide implementation of tailored in-
terventions to promote rational use of antibacterial substances
is of mayor public health relevance. The current study allows
healthcare practitioners and policy makers to audit country-
specific patterns of paediatric macrolide use in the outpatient
setting with regard to total level of prescribing, the distribution
of macrolide subgroups and corresponding time trends to help
plan future strategies. Our findings highlight potential target
areas for future activities to improve judicious prescribing of
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macrolides to children and adolescents in the studied coun-
tries. Promising effectiveness in increasing the appropriate-
ness of antibiotic use has been shown for multifaceted inter-
ventions, which combine strategies such as education of pa-
tients and the general public with intervention components
directly addressing providers’ prescribing behaviour
[20-22]. Public campaigns alone might be particularly effec-
tive in reducing unnecessary prescribing in high-utilising
countries [23, 24]. Programmes aiming at modifying parents’
care seeking behaviour show favourable effects when educa-
tional interventions are delivered prior to the child’s illness
and when the focus is on specific symptoms rather than ge-
neric massages [25]. However, generalizability of findings
from interventional studies to different cultural settings might
be limited due to varying attitudes, knowledge and cultural
beliefs of patients/parents and healthcare providers. Hence,
programme implementation in different settings has to be ac-
companied by rigorous evaluation.

Strengths and limitations

Our study had a large sample size and provides a detailed
population-based analysis of outpatient paediatric macrolide
use across five European countries. Data extraction and anal-
ysis for each database in these countries were based on a
standardised protocol, ensuring high inter-country compara-
bility of study findings. However, some limitations exist. Due
to variations of upward winter peaks over time within a given
country and between countries in a given year, comparability
of seasonal differences between countries based on uniform
grouping of months into seasonal categories might be limited.
Downward summer troughs almost exclusively appeared in
July or August in all countries, whereas upward winter peaks
could be observed between December and March. However,
the ranking of countries by magnitude of seasonal variation
based on the rate ratio of summer-to-winter macrolide pre-
scription rates from Poisson regression remained stable, when
the onset of the four seasons was moved ahead by 1 month.
Finally, due to a high heterogeneity of drug use among Italian
regions, [ 18] our findings may not reflect paediatric antibiotic
prescribing in Italy as a whole.

Conclusions

Outpatient paediatric macrolide use showed substantial varia-
tion in terms of total use and use of macrolide subgroups
between European countries. A common trend toward in-
creased prescribing of intermediate- and/or long-acting
macrolides relative to short-acting agents was observed in
most of the studied countries and might unnecessarily accel-
erate the development of antibiotic resistance. The magnitude
of seasonality in prescription rates in the high-utilising

countries, Germany and Italy, may indicate common inappro-
priate prescribing of macrolides to treat viral respiratory infec-
tions. Further efforts are needed to promote and sustain judi-
cious prescribing in all countries. In particular, extensive use
of intermediate- and long-acting agents in the
(Italian) outpatient setting appears unjustified.
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