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Abstract
Upper respiratory tract infection (URTI) is a self-limiting viral infection and should not be treated with antibiotics. The aim
was to evaluate antibiotic prescriptions for children with uncomplicated URTI in a large nationwide private clinic network
between 2014 and 2020. Special focus was given to macrolide prescriptions and costs. The data were obtained from the elec-
tronic health records (EHR) of the largest private healthcare company in Finland (with about 250,000 paediatric visits annu-
ally across the country). The collected variables included diagnoses, age, visit year, speciality of the doctor, and prescribed
antibiotics. The number of uncomplicated URTIs in < 18-year-old children was 156,187 (53.0% in boys). The prescription rate
of antibiotics decreased from 18.0% in 2014 to 8.8% in 2020, and that of macrolides from 6.1 to 1.7%. The costs decreased
accordingly. Paediatricians prescribed antibiotics less often than general practitioners or ear, nose, and throat specialists.
Conclusion: Antibiotic prescriptions for uncomplicated URTISs, especially macrolides, decreased substantially during the
7-year surveillance period; however, 8.8% of children still received unnecessary antibiotics. To further reduce unwarranted
antibiotic prescriptions, active interventions are needed that can be performed by applying the available EHR system.

What is Known:

o Upper respiratory tract infection (URTI) is the most common infection in children. Uncomplicated URTI is a self-limiting viral infection, and
antibiotic treatment is not warranted.

What is New:

o Almost 9% of children with uncomplicated URTIs still received unnecessary antibiotics. Paediatricians prescribed antibiotics less often than
general practitioners or ear, nose, and throat specialists. To further reduce unwarranted antibiotic prescriptions, active interventions are
needed that can be performed by applying the available EHR system.
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Introduction

Upper respiratory tract infection (URTTI) is the most com-
mon infection in children, with an average of six to eight
URTI episodes a year at preschool age [1]. URTIs lead to
more healthcare provider visits and missed days from day-
care, school, and work than any other illnesses. In young
children, the symptoms of URTT include nasal congestion,
general irritability, eating problems, nausea, and some-
times fever [1]. Older children have milder and mainly
local symptoms, and fever, if present, is usually low grade
[1]. The common cold is a self-limiting viral infection, and
there is no curative treatment [1].

Ear and sinus infections and pneumonia are bacterial com-
plications of URTI in children. Approximately 70% of chil-
dren suffer from acute otitis media before the age of 2 years
[2]. Acute bacterial sinusitis should not be considered if symp-
toms have lasted less than 10 days. In typical cases, symp-
toms worsen after a period of transient improvement in that
time frame. However, the exact incidence of acute sinusitis is
unknown [3]. The annual occurrence of community-acquired
pneumonia (CAP) in children is between 0.2 and 0.6% [4-6].
According to current recommendations, these bacterial com-
plications require antibiotics. Meanwhile, URTIs without
any complications should not be treated with antibiotics [7].
Instead, most guidelines suggest that treatment should focus
on parental counselling and on relieving children’s symptoms
until the illness passes [8, 9].

The task force set up by the European Paediatric Asso-
ciation concluded that the over-consumption of antibiotics
in children with spontaneously recovering respiratory tract
infections is one of the most important healthcare problems
in children in Europe [10]. Less consumption of antibiot-
ics and better targeted prescriptions within primary care are
necessary for controlling the emergence of resistant bacteria
and the stewardship of currently available antibiotics.

The aim of the present study was to evaluate antibi-
otic prescriptions for children with uncomplicated URTIs
in a nationwide private outpatient clinic network in Fin-
land. Special focus was paid to macrolide prescriptions.
An additional aim was to estimate the cost of prescribed
antibiotics, as well as variations in antibiotic prescriptions
based on age, time, and the speciality of the doctor.

Methods

The study was conducted using data from the electronic
health records (EHR) of Terveystalo, the largest private
healthcare company in Finland, with about 250,000 pae-
diatric visits annually around the country. Terveystalo has
more than 300 clinics in each of the 20 hospital districts
in mainland Finland.
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The study population consisted of children aged < 18 years
who presented with an outpatient visit at Terveystalo from
1 January 2014 through 31 December 2020 and received an
URTI diagnosis (International Classification of Diseases,
ICD 10" codes J00, J06, J06.80, J06.89, J06.9). The children
were classified into four age groups: <2 years, 2—4.9 years,
5-11.9 years, and 12-17.9 years. Patients with a concomi-
tant bacterial diagnosis were excluded (Table S1). Prescribed
antibiotics were identified by the Anatomical Therapeutic
Chemical Classification system (Table S2).

DynamicHealth (TietoEVRY, Finland) is a tool utilised
by Terveystalo for handling EHR data. The data for this anal-
ysis were collected and combined from records containing
the required personal information, visit information, diag-
noses, and medications as registered in DynamicHealth by
the practitioner. Patients’ birth date information was derived
from the EHR and used in calculating patients’ age upon
visit from 2014 to 2020. The doctors were classified into
paediatricians; general practitioners (GP); ear, nose, and
throat specialists (ENT); and others. The patient data was
actively managed in adherence with the European Union’s
General Data Protection Regulation (GDPR) and the data
security legislation of Finland.

Antibiotic prescriptions were identified from the EHR,
with the antibiotic-related cost estimated by the 2021 price
of each product in euros. The data included the name of the
prescribed medicine, but detailed information on the dosage
and size of the prescribed packets was missing. In Finland,
the Pharmaceutical Pricing Board determines the national
reference prices for medicinal products, such as antibiot-
ics, that are reimbursable under the Health Insurance Act.
Thus, these prices are the same in every pharmacy across the
country; therefore, these reference prices were used for cost
estimation in this study. The costs were estimated with the
lowest price (usually meaning the smallest size of packet)
and the highest price (largest size of packet) for each antibi-
otic. In this way, variations in the costs could be found and
were comparable between the study years. The annual costs
and costs per patient were estimated with the presumption
that every prescribed antibiotic was purchased.

Statistical analysis

All URTI visits of all cases during the study period were
included in the analyses. Therefore, power analyses or for-
mal sample size calculations were not performed. IBM SPSS
Statistics for Windows, version 26 (IBM Corp, Armonk, NY,
USA), was used in the data analysis. The age and gender
of the child, speciality of the doctor, and visit year were
included as co-variates in the multivariate logistic regres-
sion, and the results were expressed as odds ratios (ORs)
and 95% confidence intervals (Cls). The statistical analy-
ses focused on percentages, considering that respiratory
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infections were reduced by lockdown measures throughout
2020 [11, 12]. These measures followed the World Health
Organization announcement on 11 March 2020 that COVID-
19 was officially a pandemic.

Ethics

This study was a quality assessment and development pro-
ject. All data were coded, and patients were not contacted.
According to Finnish law, approval from the Ethics Commit-
tee was not required, and informed consent was not needed
from the subjects and/or their legal guardians. This study
was carried out in accordance with national regulations and
was approved by the chief medical officer of Terveystalo.

Results

The total number of doctoral visits in < 18-year-old chil-
dren was 1,629,187 (52.6% in boys) during the period of
2014-2020 (Fig. 1). After excluding pneumonia and other
lower respiratory tract infections, bacterial complications,
bacterial infections not associated with URTI, and visits
without URTI symptoms, the number of pure URTI cases

was 156,187 (53.0% in boys). The decrease in visits during
2020 was attributed to the COVID-19 pandemic (Table 1).
The ages of the patients and treatments by speciality are
shown in Table 1.

The overall prescription rate of antibiotics for URTI
decreased constantly from 18.0% in 2014 to 8.8% in 2020
(Fig. 2). Specifically, this rate was 6.0% and 3.7% for amoxi-
cillin and 6.1% and 1.7% for macrolides, respectively. In
other words, prescriptions of antibiotics were halved, and
those of macrolides decreased by 72.1% during the study
period. The results were similar when the cases were ana-
lysed by age group (Fig. 3).

The prescription rate of antibiotics was the lowest among
paediatricians in any year in 2020 at 5.1% (Fig. 4A). The
respective figure for GPs was 10.4%, and for ENT doctors,
it was 9.5%. Paediatricians reduced their prescriptions of all
antibiotics, except those of first-generation cephalosporins
(Fig. 4B). Amoxicillin was prescribed by GPs for 6.7% of
children in 2014 and for 5.0% in 2020 (Fig. 4C). The respec-
tive figures for macrolides were 6.4% and 1.9%, illustrating
a substantial decrease (Fig. 4C). The most notable change in
prescription practice for ENT specialists was the dramatic
(77.2%) decrease in macrolide prescriptions during the same
time period (Fig. 4D).

Fig. 1 Flow chart of study
inclusion and exclusion criteria
for acute upper respiratory tract
infection (URTTI) visits during
the period of 2014-2020. Side

All visits aged < 18 years
(52.6 % boys)
n=1,629,187

arrows indicate the exclusion
criteria. N, number of visits;
LRTI, lower respiratory tract
infection
Otitis media P _ Any LRTI
n = 398,223 A - n=117,878
Sinusitis | any ?:;:Sz;z)cnoccal
n=57,159 -
n=16,712
Visits with no URTI Other concomitant
symptoms < > bacterial infections
n=788,717 n = 45,547
) 4

URTl included in the
analysis (53.0 % boys)
n=156,187
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Table 1 The study population with upper respiratory tract infection
(URTI)

Younger age (OR 0.97) and later visit year (OR 0.88)
were associated with lower ORs for receiving antibiotics in

URTI visits a multivariate logistic regression adjusted by the age and
gender of the child, visit year, and speciality of the doctor.
" % Compared to paediatricians, the respective ORs were 1.64

All 156,187 for GPs and 1.71 for ENT specialists (Table S3).

Year In 2014-2017, the estimated annual total costs related to
2014 17,284 antibiotics followed a trend of the number of URTI visits.
U 18,093 Meanwhile, in 2018 and 2019, URTI visits increased, but the
2016 23,082 annual total costs decreased remarkably, and in 2020, both
2017 26,974 the visits and costs decreased. The annual total costs varied
2018 28,484 between €62,327 in 2017 and €19,885 in 2020, when the
2019 28,706 highest antibiotic prices were used for estimation. The mean
2020 13,564 antibiotic-related cost per patient decreased consistently from

Age group (years) €3.2 (in 2014) to €1.5 (in 2020) when the highest prices were
<2 34,844 223 used (Fig. 5); this demonstrated a decrease of 53.1%.

2-4.99 43,459 27.8
5-11.99 45,672 29.2
12-17.99 32,212 20.6 Discussion

Speciality
Paediatrician 47,789 30.6 summary
General practitioner 81,267 52.0
Ear, nose, and throat specialist 20932 134 There were three main results in this real-life register-based
Other speciality 6,199 40 study on antibiotic prescriptions in a population of over

159,200 children with URTI from 2014 to 2020 in the largest
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Fig.2 Antibiotic prescription rates for upper respiratory tract infection
(URTI) [left axis] and URTI visit rates [right axis] yearly. Other anti-
biotics include pivmecillinam, ceftriaxone, trimethoprim, sulfameth-
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oxazole/trimethoprim, sulfasalazine/trimethoprim, second-generation
cephalosporin, and doxycycline. Total number of visits, 1,629,187.
Number of URTTI visits, 156,187
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Fig.3 Antibiotic prescription rates for upper respiratory tract infection
by age group. A Children <2 years (n=34,844). B Children 2—4.9 years
(n=43,459). C Children 5-11.9 years (n=45,672). D Children

private healthcare company in Finland with nationwide cov-
erage. First, antibiotics were prescribed for 18.0% of the
URTI children population in 2014 and for 8.8% in 2020. This
decrease was substantial and desirable; however, because
URTI without any complications is self-recovering and does
not benefit from antimicrobial therapy, too many patients were
still prescribed antibiotics. The estimated cost per patient
decreased accordingly: 53.1% for all antibiotics. Second, a
substantial decrease (72.1%) took place in macrolide prescrip-
tions. This decrease was similar in all age groups and in all
doctoral speciality groups. Third, paediatricians prescribed
antibiotics less often than GPs and other specialists, a finding
in agreement with other recent studies [13].

Strengths and limitations

The main strength of the present study was that the analysed
data came from outpatient clinics covering different areas
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12-17.9 years (n=31,212). Other antibiotics include pivmecillinam,
ceftriaxone, trimethoprim, sulfamethoxazole/trimethoprim, sulfasala-
zine/trimethoprim, second-generation cephalosporin, and doxycycline

across the country and consisted of almost 159,200 children
younger than 18 years with uncomplicated URTI diagnoses.
The information was electronically entered and obtained for
this study from the centralised and uniformly coded EHR.
Our study has some limitations. The data are retrospective
and come from the private sector and thus may not fully
represent the whole Finnish child population. Moreover, we
lacked data on the lengths of the antibiotic treatments as well
as on definite medicine purchases. It is also possible (though
unlikely) that not all diagnosis codes were recorded during
the URTI visit, and some children were treated (e.g., because
of otitis media) without the code for a condition warranting
antibiotic therapy being recorded.

The COVID-19 pandemic started at the end of 2019
and was ongoing during the last year of our study. Due to
social distancing restrictions and hygiene recommendations,
the circulation of all respiratory viruses was lower during
than before the pandemic [11, 12]. In the present study, the
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Fig.4 Antibiotic prescription rates for upper respiratory tract infec-
tion as diagnosed by specialists. A All patients (n=156,187). B
Patients treated by paediatricians (n=47,789). C Patients treated by
general practitioners (n=_81,267). D Patients treated by ear, nose, and
throat specialists (n=20,932). Other antibiotics include pivmecilli-

number of doctor visits was less than half in 2020 when
compared to 2017, 2018, or 2019. Decreased doctoral vis-
its for URTIs may have further reduced the prescribing of
antibiotics. However, the beneficial trend of less antibiotic
prescribing was already seen before the pandemic. In addi-
tion, since the data are presented as ratios, it is unlikely that
the change in visit numbers would have had a significant
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nam, ceftriaxone, trimethoprim, sulfamethoxazole/trimethoprim, sul-
fasalazine/trimethoprim, second-generation cephalosporin, and doxy-
cycline. PED, paediatrician. GP, general practitioner. ENT, ear, nose,
and throat specialist

impact on the ongoing trends of less antibiotic prescribing
from 2014 to 2020.

Comparison with existing literature

A recent questionnaire study on parental antibiotic use for
URTISs in their children included 3,188 families across three
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provinces in China [14]. 46.0% of parents gave their children
with URTI antibiotics, with or without prescriptions. The
possibility of buying antibiotics without a prescription is
a problem in many low-to-middle-income countries [15].
In China, 70% of children with URTI symptoms visited a
doctor, and 54.8% of them received antibiotics; 7.7% of
the parents asked for and received a prescription [14]. In
another study from China, the overall rate of antibacterial
prescribing for children of <5 years with URIs was on aver-
age low, but overuse of broad-spectrum cephalosporins and
macrolides was an issue [16]. We agree with the conclu-
sions of the Chinese authors that multifaceted interventions
are necessary to solve the problem of self-medication with,
over-prescription of, and parental demand for antibiotics.
In a French register study, the authors analysed 221,768
paediatric visits for different respiratory infections in a
national sample, including 680 GPs and 70 community
paediatricians [13]. The design of the study was similar to
that of our present study. The antibiotic prescription rates
of GPs and paediatricians were 21.7% and 11.6% for the
common cold and 24.1% and 11.0% for other non-specified
presumably viral respiratory infections, respectively. In addi-
tion, GPs seemed to prescribe broad-spectrum antibiotics
more often than paediatricians did [13]. The figures in our
study were lower—especially in 2020—but the difference
between the GPs and paediatricians was evident. Likewise,

paediatricians were more likely to adhere to guidelines for
management of paediatric acute respiratory infections in a
study from the USA [17].

A register study from Canada collected data from the
national Electronic Medical Records Primary Care database
[18]. The study included 341 physicians, 204,313 patients, and
499,570 encounters, and the prescriptions were classified based
on the recorded diagnoses into indicated and non-indicated pre-
scriptions. The overall rate of unnecessary antibiotic prescrip-
tions was 17.6% for those < 2 years of age and 18.6% for those
aged 2—18 years. In children, one-fourth of antibiotics were for
conditions for which they are never indicated, such as the com-
mon cold [18]. The authors called for initiatives to reduce the
use of antibiotics for the common cold and other presumably
viral respiratory infections. In our present study, all children
suffered from uncomplicated URTT; thus, most, if not all, of
the antibiotic prescriptions were unnecessary.

The construction and dissemination of treatment guide-
lines have no doubt played a role in the change in clinical
practices. Antibiotic stewardship programmes and other
interventions have increased the awareness of doctors and
parents about the indications, advantages, and disadvantages
of antibiotics, the spread of antibiotic resistance in the popu-
lation, and the need for activities to enhance antibiotic stew-
ardship [19-22]. This information has been disseminated
to doctors both through popular media to the public and
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through medical journals. Paediatric URTI plays a central
role in these programmes, since URTT in children is so com-
mon, and uncomplicated cases, without exception, should
not be treated with antibiotics [20]. Interventions to reduce
overall antibiotic prescribing could be further enhanced
through comprehensive EHR systems that allow real-time
doctor-specific monitoring of prescriptions, construction of
algorithms to guide clinical decision-making, and even an
incorporation of steering tools on the platforms that doctors
use in their day-to-day practice.

The decreasing trend of antibiotic prescriptions in chil-
dren with URTI was constant during our study period. The
current antibiotic consumption level, < 9% in 2020, has been
reached by means of recommendations and information
disseminated to doctors as well as by the increased gen-
eral awareness regarding antibiotics among parents. The
evidence-based Current Care Guidelines in Finland have a
long history. For years, they have been published online and
are easily accessible by doctors and laypeople free of charge.
All guidelines emphasise that respiratory tract infections of
viral origin should not be treated with antibiotics and that
macrolides are not first-line alternatives for any respiratory
infection, except for pertussis in infants.

The first Finnish Current Care Guidelines for lower res-
piratory tract infections in children, including CAP, pertus-
sis, laryngitis, wheezing bronchitis, bronchiolitis, cough,
otitis media, and sinusitis, were published in 2014. Mac-
rolides are not recommended even for Mycoplasma CAP as
monotherapy because Streptococcus pneumoniae is com-
mon in mixed infections and is not sufficiently susceptible to
macrolides in Finland, like in many other countries [23, 24].
The Finnish Current Care Guidelines for otitis media were
published in 1999 and thereafter regularly updated, lastly in
2017, recommend that the first-line antibiotics are amoxi-
cillin or amoxicillin-clavulanic acid, and second-generation
cephalosporins, trimethoprim-sulfa, and macrolides are the
second-line drugs for those allergic to penicillin [25]. The
Finnish Current Care Guidelines for sinusitis were published
in 1999 and updated in 2013. These versions recommended
amoxicillin or penicillin as a first-line therapy. In the latest
2018 update, amoxicillin-clavulanic acid became, together
with amoxicillin, the first-line recommendation [26].

In addition to the readily available national guidelines in
the healthcare company, where the present study was done,
an active intervention was carried out during 2017-2020 aim-
ing to stop prescribing cough medicines for children [27, 28].
The intervention included the release of information and edu-
cational training stressing the importance of refraining from
antibiotics for self-limiting viral respiratory tract infections,
such as the common cold. Many other intervention elements
were part of the cough medicine programme, as discussed
recently [27, 28]. To further decrease the use of antibiotics in
children with URTT or other uncomplicated viral infections,
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more active interventions are needed to translate and incor-
porate the guidelines into everyday practice [29].

A study from the Netherlands evaluated the cost-effectiveness
of GP- and parent-directed intervention aiming to reduce anti-
biotic prescriptions for respiratory tract infections in children.
The intervention was effective, as 25% compared to 50% of the
controls received an antibiotic over the study period. The mean
cost per patient associated with a respiratory tract infection was
higher in the intervention group (€217.95) compared to usual
care (€207.68) from a societal perspective. However, the mean
healthcare costs per patient, including the intervention costs,
were lower (€45.72 vs. €50.38, respectively) [30]. In a Japanese
study with 3,763,353 patients of < 20 years of age, a remarkable
annual added cost of inappropriate antibiotic prescription for
URTI was observed, varying from US$147.6 million in 2013
to US$103.9 million in 2016 [31]. This result is in line with our
study; although the antibiotic-related cost per patient decreased
during the study period, there were still extensive annual costs.

Conclusions and implications for practice
and research

Antibiotic prescriptions decreased constantly during the
7-year surveillance period of this study. Despite this, 8.8%
of the children still received unnecessary antibiotics due to
uncomplicated URTI cases. The most notable reduction in
antibiotic use was for macrolides; this was seen in all age and
speciality groups. To further reduce unwarranted antibiotic
prescriptions, active interventions are needed, and such inter-
ventions should be, in the case of URTI, especially targeted
to general practitioners and ear, nose, and throat doctors.
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