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ABSTRACT
Objective: To study antibiotic prescriptions among 0- to 4-year-old children before and after
implementing a quality project on prudent prescribing of antibiotics in primary healthcare in
the capital region of Iceland.
Design: An observational, descriptive, retrospective study using quantitative methodology.
Setting: Primary healthcare in the Reykjavik area with a total population of approxi-
mately 220,000.
Subjects: A total of 6420 children 0–4 years of age presenting at the primary healthcare centres
in the metropolitan area over three years from 2016 to 2018.
Main outcome measures: Reduction of antibiotic prescriptions and change in antibiotic profile.
Data on antibiotic prescriptions for children 0–4 years of age was obtained from the medical
records. Out-of-hours prescriptions were not included in the database.
Results: The number of prescriptions during the study period ranged from 263.6 to 289.6 pre-
scriptions/1000 inhabitants/year. A reduction of 9% in the total number of prescriptions
between 2017–2018 was observed. More than half of all prescriptions were for otitis media, fol-
lowed by pneumonia and skin infections. Amoxicillin accounted for over half of all prescriptions,
increasing between 2016 and 2018 by 51.3%. During this period, the prescribing of co-amoxiclav
and macrolides decreased by 52.3% and 40.7%, respectively. These changes were significant in
all cases, p< 0.0001.
Conclusion: The results show an overall decrease in antibiotic prescribing concurrent with a
change in the choice of antibiotics prescribed and in line with the recommendations presented
in the prescribing guidelines implemented by the Primary Healthcare of the Capital Area, and
consistent with the project’s goals.

KEY POINTS
� A substantial proportion of antibiotic prescribing can be considered inappropriate and the
antibiotic prescription rate is highest in Iceland of the Nordic countries.

� After implementing guidance on the treatment of common infections together with feedback
on antibiotic prescribing, a decrease in the total number of prescriptions accompanied by a
shift in the antibiotic profile was observed.
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Introduction

Antibiotic-resistant bacteria pose a threat to human
health, with inappropriate prescribing of antibiotics
driving the evolution of resistance [1].

Studies have shown that up to 30 to 50% of anti-
biotic prescriptions can be considered inappropriate,
mainly due to unsuitable prescribing, unfit treatment
time or patients not getting clear treatment informa-
tion [2]. Unnecessary and excessive use of antibiotics

can have harmful consequences for patients, such as
developing various kinds of allergies and asthma. This
is particularly the case for children whose immune sys-
tem is not mature enough to fully fight off pathogens
[3,4]. A correlation between the overuse of antibiotics
and alterations in gut microbiota has been observed,
leading to the development of various disorders [5].

In Iceland, antibiotic resistance is relatively low
compared to many other countries regarding

CONTACT Anna Bryndis Blondal abb@hi.is, Faculty of Pharmaceutical Sciences, University of Iceland, Reykjav�ık, Iceland
Supplemental data for this article can be accessed here.

� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

SCANDINAVIAN JOURNAL OF PRIMARY HEALTH CARE
2021, VOL. 39, NO. 3, 373–381
https://doi.org/10.1080/02813432.2021.1958506

http://crossmark.crossref.org/dialog/?doi=10.1080/02813432.2021.1958506&domain=pdf&date_stamp=2021-09-06
https://doi.org/10.1080/02813432.2021.1958506
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/02813432.2021.1958506
http://www.tandfonline.com


multi-resistant bacteria such as MRSA and ESBL-pro-
ducing bacteria [6]. However, results of routine anti-
microbial susceptibility testing at Landspitali – The
National University Hospital of Iceland (LUH) indicate
growing resistance in common bacteria to prevalent
antibiotics [7]. At the same time, it has diminished in
the other Nordic countries [8].

The rate of antibiotic prescribing in Iceland was
high during the period 2009–2018 compared to other
Nordic countries and somewhat below the midrange
in a European context. Besides, broad-spectrum antibi-
otics are more often prescribed [9]. According to a
study on antibiotic prescriptions in out-of-hours pri-
mary care in Iceland, co-amoxiclav is by far the most
prescribed antibiotic for respiratory tract infections in
paediatric encounters [10].

Most antibiotic prescriptions are issued by general
practitioners (GPs) with respiratory infections account-
ing for more than half of the prescriptions. Acute otitis
media (AOM) is the most frequent indication [11].
AOM is a very widespread infectious condition in chil-
dren [12] and the most common indication for anti-
biotic prescriptions for children, both in Iceland and in
other Western countries, with pneumococci as the
most prevalent cause of bacterial infections [13–16]. It
is estimated that mortality caused by pneumococcal
infections is 0.7–1 million deaths annually among chil-
dren aged <5 years [17]. Additionally, it is believed
that children’s use of antibiotics has a significant effect
on increasing pneumococcal resistance [18].

Since 2011 pneumococcal vaccination has been a
part of routine vaccinations for children in Iceland to
prevent invasive infections as well as to counteract
the bacterial resistance due to the emergence of
multi-resistant strains [19,20]. After the implementa-
tion of pneumococcal vaccination in Iceland, hospital
visits due to AOM and pneumonia have been signifi-
cantly reduced [20]. Simultaneously, a reduction of
antimicrobial prescribing for young children was
observed, mostly due to fewer episodes of AOM [21].
The Directorate of Health has reported a 9% reduction
in antibiotic prescriptions for children 0-4 years of age
in Iceland from 2014–2018 [22].

The Primary Health Care of the Capital Area (PHCA)
issued guidance to promote rational use of antibiotics
among GPs in to contain the overall prescribing of
antibiotics, especially broad-spectrum antibiotics, as
there is an indication of growing resistance in com-
mon bacteria in Iceland. This included implementing
new prescribing guidelines in spring 2017 [23] with
the Swedish antibiotic stewardship programme
STRAMA set as a model [8], taking into account

differences in susceptibility of some common bacteria
in Iceland compared to Sweden, leading to different
recommendations when required. This was followed
by meetings with GPs at the healthcare centres in the
capital area. The objectives set were to reduce pre-
scriptions of broad-spectrum antibiotics, such as co-
amoxiclav and azithromycin, to reduce the number of
prescriptions issued for 0–4 years old children by 10%
per year, as well as to reduce the number of antibiotic
prescriptions in general.

This study aimed to examine changes in antibiotic
prescriptions for young children issued by GPs in pri-
mary healthcare centres during ordinary hours of work
in the Reykjavik area after initiating the quality project
in 2017. The PHCA initiated this project in cooperation
with the Department of Clinical Microbiology LUH and
the Chief Epidemiologist. Out-of-hours on-call services
of GPs are beyond the jurisdiction of PHCA.

Material and methods

Design and setting

A descriptive retrospective data study was performed
using a quantitative methodology involving data col-
lection and statistical analysis. It was a population-
based observational study. In May 2017, the PHCA
antibiotic stewardship team visited all the healthcare
centres under its umbrella and presented the GPs’ pre-
scribing pattern at each healthcare centre. Data on
issued prescriptions extracted from the PHCA medical
records database was presented and the newly
approved prescribing guidelines on antibiotics for
common infections in primary care were discussed.
The PHCA with 136 GPs comprising the medical staff
includes 15 out of 19 primary healthcare centres in
the Reykjavik area, with a population of just over
200.000. However, the PHCA does not provide an on-
call service outside regular working hours.

Study population

The study population consisted of all children aged
0–4 years (both years included) who had been pre-
scribed antibiotics from ATC class J01 by the PHCA
GPs over three years during opening hours (08-18),
from 1st January 2016 to 31st December 2018. Out-of-
hours prescribing is not included in the medical
records database. The children are included in the
study until the age of five. As soon as they reach that
age, they are excluded from the study population.
Each child could be prescribed antibiotics more than
once during the study period so that they could

374 M. R. GUNNLAUGSDOTTIR ET AL.



repeatedly appear in the same year as well as in
other years.

Data collection

In this study, electronically issued prescriptions from the
PHCA medical records database were extracted for all
antibiotics in the ATC class J01 for children aged
0–4 years from 1st January 2016 to 31st December 2018.
Each person has a unique personal ID number, which is
always entered whenever any patient information is
recorded in the medical records database. The baseline
data collected in the study included age, sex, ICD-10
diagnoses at the time of prescribing, antibiotic class, the
number of prescriptions, and the date of the issue.

After having extracted the data, it was encrypted
and collected in a study database. Thus, each child
was assigned a unique encryption ID number, so the
personal identity of the child would not be revealed
during the processing of the data set.

Outcome measures

The study’s numerical variables comprised the child-
ren’s age, the date of issue of the antibiotic prescrip-
tions and their ID number. The sex of the child, the
antibiotic class, and the ICD-10 diagnoses underlying
the prescriptions were the categorical variables of the
study. The number of antibiotic prescriptions was
defined as the response variable that was evaluated
for the explanatory variables: sex, age, the date of
issue, antibiotic class and ICD-10 diagnoses underlying
the prescription.

The categorical variables sex and age were assessed
regarding; numbers of prescriptions, which antibiotic
classes were prescribed and prescription indication.

Statistical analysis

Systemic and statistical methods were used in the
processing and interpretation of the data in the R-stu-
dio. Chi-square test was used to evaluate statistically
significant association in the number of antibiotic pre-
scriptions by different categorical variables. Quasi-
Poisson distribution was used to evaluate year-on-year
antibiotic prescription changes. Significance was
defined with 95% confidence (p value < 0,05).

Results

The study population consisted of 6420 children in
total over these three years. The total number of

antibiotic prescriptions over the study period was
11,583. In the three years from 2016 to 2018, 22.6% of
the total GP visits in the group of 0–4 years old
resulted in an antibiotic prescription. The number of
prescriptions increased by 2.3% between the years
2016 and 2017, that is, from 282.9 to 289.6 prescrip-
tions/1000 inhabitants/year, although the difference
was not statistically significant (p¼ 0.98). However,
there was a 9% decrease in antibiotic prescriptions
between 2017 (289.6) and 2018 (263.6) coinciding
with the implementation of the new guidance on
treatments of common infections in primary care
(p¼ 1.6�10�7). Thus, the number of prescriptions dur-
ing the study period ranged from 263.6 to 289.6 pre-
scriptions/1000 inhabitants/year. More than half of the
prescriptions were issued for boys or 52.5%, and most
of the antibiotic prescriptions were intended for the
age group 1-2 years old. Followed by children 2- to 3-
year-old, then 0–1- and 3- to 4-year-old children. The
fewest antibiotic prescriptions were for the 4-year-
old children.

Table 1 provides an overview of the number of
antibiotic prescriptions during the study period in
which antibiotics were prescribed based on the ICD-10
diagnosis. The table only covers the following diagno-
ses; cystitis, otitis media, pneumonia, sinusitis, strepto-
coccal infection in the throat and tonsillitis. Other ICD-
10 diagnoses were collectively put under the cat-
egory ‘Other.’

Antibiotics prescribed

The children’s antibiotic prescriptions were classified
into 11 ATC groups. Extended-spectrum penicillin
(J01CA), almost solely amoxicillin, comprised more
than half of all the antibiotic prescriptions and
increased significantly over the three years
(p¼ 2.2�10�16). Their number increased from 40.0% of
the total antibiotic prescriptions in 2016 to 64.0% in
2018 (Figure 1), that is, from 111 to 168 prescriptions
per 1000 inhabitants per year (Figure 2). Co-amoxiclav
which belongs to the ATC class J01CR was the second
most prescribed antibiotic, followed by the first-gener-
ation cephalosporins (J01DB) (Figures 1–2). The num-
ber of macrolide (J01FA) prescriptions, mostly
comprising azithromycin, decreased significantly over
the study period (p¼ 1.6�10�7) or about 40.7% in
2018, compared to 2017 after the implementation of
the new guidance, as well as the prescriptions of co-
amoxiclav which decreased by 52.3% (p¼ 2.2�10�16)
at the same time.
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Diagnoses

The ICD-10 diagnoses that led to antibiotic treatment
in the children during the study period were classified
into 11 categories. Most of the diagnoses are classified
as respiratory infections, apart from skin infections,
cystitis, ocular infections, and infections that fall col-
lectively under the ill-defined group ‘Other infections.’
The relevant diagnoses are listed in Supplementary
Table 1. Figure 3 gives an overview of the percentage
of antibiotic prescriptions that were associated with
each diagnosis over the entire study period. More
than half of all prescriptions were for otitis media
(53%), followed by pneumonia and skin infections.

Otitis media and pneumonia

More than half of all the prescriptions were for otitis
media, followed by pneumonia (Figure 3 and Table 1).
There was a significant increase in the use of
extended-spectrum penicillin for otitis media
(p¼ 2.2�10�16) and pneumonia (p¼ 3.9�10�9).

Tonsillitis and streptococcal infection

In most cases, phenoxymethylpenicillin was the drug
prescribed for tonsillitis and streptococcal infections
and the number of prescriptions decreased signifi-
cantly for both tonsillitis (p¼ 9.4�10�9) and strepto-
coccal infections (p¼ 5.2�10�11) over the study period
(Figure 3 and Table 1).

Sinusitis

Amoxicillin and co-amoxiclav were the most pre-
scribed drugs for sinusitis. The prescription pattern
reveals that the number of prescriptions of co-amoxi-
clav declined over the study period. However, the pro-
portional use of amoxicillin increased significantly
(Figure 3 and Table 1).

Cystitis

Most antibiotic prescriptions for cystitis were from the
following groups: first-generation cephalosporins, tri-
methoprim, and combination of sulphonamides and
trimethoprim (Figure 3 and Table 1).

Discussion

Statement of principal findings

During the study period, we observed a pronounced
reduction of antibiotic prescriptions for children and aTa
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shift in the antibiotic profile with highly significant
changes in the prescription of certain antibiotics. These
changes occurred in the wake of the implementation of
a quality project on prudent prescriptions of antibiotics.

Strengths and weaknesses of the study

Data in our study is retrieved from a comprehensive
medical records database of 15 primary healthcare
centres in the Reykjav�ık metropolitan area, lending
strength to its generalisability. The data covers three
years during the implementation of guidance to pro-
mote rational use of antibiotics among GPs, that is,
the state of antimicrobial prescribing in the year

before the implementation 2016, the year of the
implementation 2017 and the year after the imple-
mentation 2018. Nevertheless, there are some limita-
tions in our study. Using issued prescriptions as a
measurement of antibiotic consumption may be
slightly inaccurate due to non-redeemed prescriptions.
An overall reduction of antibiotic prescribing was
observed for the whole country over a five-year period
from 2014–2018 which could lead to some confound-
ing when estimating the corresponding reduction
between 2017 and 2018 in the metropolitan area. We
do not have information on the prescription rate for
the most common diseases which can be considered
a limitation. An important limitation is that the

Figure 1. Percentage of antibiotic prescriptions by antibiotic categories for each study year.
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database did not cover out-of-hours primary care serv-
ices. The study is an observational study, not a causal-
comparative research, and thus, we are unable to
prove a causal relationship between the implementa-
tion and the changes observed. Besides, one can
never be certain that observational data are not hiding
a confounding variable, rendering the observational
nature of the study a limitation.

Findings in relation to other studies

Antibiotic prescriptions were most common in the
second year of age and fewest in the four-year-old

children. A Danish study of 0- to 6-year-old children
found antibiotic use to be highest among one-year-
old children, which is consistent with our results, but
then it decreased with increasing age [24].
Furthermore, an Icelandic study shows similar results,
with antibiotic use being highest among the youngest
children [25]. A possible explanation is that children’s
susceptibility to infections increases considerably after
their mothers’ antibodies disappear and before their
antibodies are produced in sufficient quantities. This
process usually occurs just before they turn one-year
old [3]. Research also supports that children who
attend day-care centres are at a higher risk of getting
infections than children who stay at home. They have
more doctor visits and are therefore more likely to be
prescribed antibiotics [26,27].

Most common diagnoses and changed prescribing
of antibiotics

Acute otitis media (AOM) was the most common rea-
son for antibiotic prescriptions, as expected [28], fol-
lowed by pneumonia and skin infections. Only a
reduction of 2.7% was observed in antibiotic prescrip-
tions for AOM between the years 2017–2018. The data
neither reveals the incidence of AOM during the study
period nor how often AOM was either treated or not
treated with antibiotics. In this context, a Swedish
study can be considered where the incidence of AOM
was 33.2–35.8% in 0–2 years old children and
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Figure 2. Overview of the number of antibiotic prescriptions per 1000 0–4 years old inhabitants per year by antibiotic categories
during the study period.
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31.9–32.9% in the 3–7 years old group [29]. In 2009, a
general infant pneumococcal vaccination was intro-
duced in Sweden. A study comparing the prevaccina-
tion period of 2005–2008 to 2014 found that in
children 0–4 years of age, a reduction of 46.4% was
observed for acute otitis media with an ICD code
specifying it as a bacterial infection [30]. Likewise, a
reduction in the incidence of AOM was observed after
implementing a pneumococcal conjugate vaccine into
the routine childhood vaccination programme in
Iceland in 2011 [31]. A study on the impact of the 10-
valent pneumococcal conjugate vaccine on antimicro-
bial prescriptions in young children revealed the
greatest reduction in all-cause antimicrobial consump-
tion in the first vaccine-eligible cohort in 2011 [21].
Thereafter, it changed very little, rendering unlikely
the possibility of a notable influence of the vaccin-
ation programme starting in 2011 on the changes
observed in our study between 2016 and 2018. A dis-
tinct and noticeable reduction was observed in the
prescribing of co-amoxiclav, macrolides and cephalo-
sporins, and simultaneously an increase in amoxicillin
prescriptions during the study period, indicating a
shift in the choice of antimicrobial therapy in AOM.
Similar changes were observed for the antibiotic pre-
scriptions for pneumonia. These changes were in
accordance with the recommendations for the selec-
tion of appropriate antimicrobial therapy for common
infections in primary care presented in the new pre-
scribing guidelines in 2017, where amoxicillin was rec-
ommended as a first-line antibiotic for AOM and
pneumonia [23]. An impressive reduction was
observed in all antibiotic prescriptions for streptococ-
cal infection in the throat and for tonsillitis, which
raises the question if these changes might have been
caused by a change in the incidence of streptococcal
throat infections. Phenoxymethylpenicillin was the
most commonly prescribed antibiotic for these diag-
noses in accordance with the recommendations from
2017, and the fact that the resistance rate in
Streptococcus pyogenes for penicillin in Iceland has
been determined to be 0% [7].

Reduced prescribing of antibiotics

A reduction of 9% in the total prescribing of antibiot-
ics was observed, and at the end of the study period,
it amounted to 264 prescription per 1000 inhabitants
per year. Our data neither include prescriptions issued
during out-of-hours services in primary care in the
capital area, primary care outside the capital area nor
data from specialists’ clinics. The total sale of

antibiotics for children 0–4 years of age in outpatient
care in Sweden was 320 prescriptions per 1000 inhabi-
tants per year in 2018 [32]. According to the Director
of Health in Iceland, the total sale of antibiotics in out-
patient service to children 0–4 years of age was 1025
prescriptions per 1000 inhabitants per year and for all
age groups it was 668 prescriptions/1000 inhabitants/
year [22]. In the capital area, 264/1025 or only 25% of
prescriptions to children are issued by GPs in the
PHCA during normal working hours. Of great concern
in Iceland is the high proportion (30%) of
Streptococcus pneumoniae strains with intermediate
resistance to penicillin, and considerable resistance to
erythromycin (39%) and tetracyclines (27%), according
to results from routine antimicrobial susceptibility test-
ing at LUH [7]. Streptococcus pneumoniae is one of the
most common bacterial causes of AOM, and the con-
nection between the use of antibiotics and resistance
is well known [25]. Therefore, it is critical to reduce
the number of antibiotic prescriptions in Iceland, not
least for children, to restrain further development of
resistance to antibiotics in Iceland [33].

Although for a long time the Chief Epidemiologist
and other official stakeholders have urged doctors to
prescribe antibiotics more wisely, it may be that the
lack of a structured programme to reduce antimicro-
bial prescribing and old habits have contributed to
keeping the antibiotic prescriptions rate higher in
Iceland compared to other Nordic countries. However,
we do not have any clear-cut data to substantiate this.
In 2020, an application was added to the medical-
records software allowing the prescribers to view their
prescriptions in comparison with colleagues at the
healthcare centre and the prescribing at the PHCA in
general. Studies have shown how key issues in educa-
tional interventions and individually targeted commu-
nication can improve antimicrobial prescribing [34,35].

During the 25 years of the Swedish STRAMA pro-
gramme, antibiotic prescriptions have declined dra-
matically in Sweden, especially for children, and the
changes in antibiotic prescriptions for children
observed in our study are an encouragement to con-
tinue this quality project to urge a more prudent use
of antibiotics in the Icelandic health service.

Meaning of the study

This study examined changes in antibiotic prescrip-
tions for young children issued by GPs in primary
healthcare centres during ordinary hours of work in
the Reykjavik metropolitan area after initiating the
quality project on prudent use of antibiotics in 2017.
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The changes observed should encourage primary care
in the whole country to continue with projects on
quality improvement in antibiotic prescribing. The first
steps have been taken in this respect. Accordingly, the
main practical contribution of the present research is
that it demonstrates how quality programmes within
primary care settings can be an efficient approach for
changing the prescribing habits of GPs. In our setting,
it was implemented by visiting all the healthcare
centres, presenting the GPs with their prescription pat-
terns and promoting the prescribing guidelines as a
discussion platform for improvement. Future studies
will have to show if similar methods can be used to
encourage prudent prescriptions of other drug classes
such as opioids and psycholeptics.

Conclusion

We observed a marked change in the choice of antibi-
otics prescribed, in line with the prescribing guide-
lines’ recommendations. Concurrently, a distinct
overall decrease in the prescribing of antibiotics for
children 0–4 years of age was observed over the
period following the implementation of the guidelines.
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