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Abstract 

Background:  The desired effect of antibiotics is compromised by the rapid escalation of antimicrobial resistance. 
Children are particularly at high-risk for unnecessary antibiotic prescribing, which is owing to clinicians’ diagnos-
tic uncertainty combined with parents’ concerns and expectations. Recent Belgian data on ambulatory antibiotic 
prescribing practices for children are currently lacking. Therefore, we aim to analyse different aspects of antibiotic 
prescriptions for children in ambulatory care.

Methods:  Pharmacy dispensing data on antibiotics for systematic use referring from 2010 to 2019 were retrieved 
from Farmanet, a database of pharmaceutical dispensations in community pharmacies. Population data were 
obtained from the Belgian statistical office (Statbel). Descriptive statistics were performed in Microsoft Excel. The 
Mann-Kendall test for trend analysis and the seasplot function for seasonality testing were conducted in R.

Results:  The past decade, paediatric antibiotic use and expenditures have relatively decreased in Belgian ambulatory 
care with 35.5% and 44.3%, respectively. The highest volumes of antibiotics for children are prescribed by GPs working 
in Walloon region and rural areas, to younger children, and during winter. The most prescribed class of antibiotics for 
children are the penicillins and the biggest relative reduction in number of packages is seen for the sulfonamides and 
trimethoprim and quinolone antibacterials.

Conclusions:  Paediatric antibiotic use has decreased in Belgian ambulatory care. Further initiatives are needed to 
promote prudent antibiotic prescribing in ambulatory care.
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Background
Antibiotics are one of the most cost-effective, live-sav-
ing treatments and they may contribute to an extended 
lifespan. However, their effect is compromised by the 
rapid escalation of antimicrobial resistance (AMR) 
which is considered as a major global health threat [1]. 

Drug-resistant infections lead to approximately 700,000 
deaths per year globally. This is expected to increase to 
ten million by 2050, with associated costs estimated as 
high as 100 trillion dollars worldwide if no action is taken 
[1].

Children are particularly at high-risk for unnecessary 
antibiotic prescribing [2, 3]. Acute infection or feverish 
illness is the most common reason for children to attend 
ambulatory care [4]. Only 1% of those children attending 
primary care will be diagnosed with a serious infection 
[5]. Distinguishing serious from non-severe infections is 
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difficult, especially in the early stages of the disease when 
signs and symptoms are unspecific [5]. Furthermore, 
Belgian prescribing guidelines advise to restrict paedi-
atric antibiotic use to certain indications under specific 
conditions [6, 7]. These guidelines are not always clear-
cut, and still leave room for doubt and subjective assess-
ment (e.g., “appearing seriously ill”, “less fluid intake”) [8]. 
Thus, physicians face diagnostic uncertainty, which can 
lead to inappropriate antibiotic prescribing, unnecessary 
referrals to hospital, and unwarranted additional testing 
due to concerns about a potential serious infection [9]. 
In addition, parents of acutely ill children might consult 
their general practitioner (GP) with specific concerns and 
expectations [2, 3, 10], which may result in the physician 
issuing a prescription for antibiotics to maintain a good 
doctor-patient relationship [11]. This enforces inappro-
priate antibiotic prescribing behaviour [1].

Belgian reports on antibiotic prescribing practices 
deduce that the largest volumes of antibiotics are con-
sumed in the community [12]. These reports intermit-
tently provide in-depth feedback to GPs on general 
prescription data [12, 13], but data for children alone is 
lacking. The National Institute for Health and Disability 
Insurance (NIHDI), RIZIV-INAMI, published the latest 
report concerning antibiotic use for children in Belgium 
[14]. However, this report is outdated (2012-2014) and 
does not provide sufficient details (e.g., no information 
about the specialty of the prescriber or the dispensing 
area).

Therefore, we aim to analyse Belgian antibiotic dispens-
ing data on children in ambulatory care over a ten-year 
period regarding antibiotic subgroups, delivery month, 
specialty of the prescriber, age of the child, region, and 
rurality category.

Methods
Pharmacy dispensing data on antibiotics for system-
atic use (Anatomical Therapeutic Chemical classifica-
tion system ATC J01) referring from 2010 to 2019 were 
retrieved from Farmanet, a Belgian database containing 
data on pharmaceutical dispensations, delivered in com-
munity pharmacies and reimbursed by the compulsory 
health insurance [15]. We requested dispensing data for 
children from birth until 12 years of age, with age defined 
as the delivery year of the antibiotic minus the birth year 
of the entitled party. Dispensing data (i.e., the number 
of sold packages and NIHDI expenditures) were sum-
marized by ATC level 3 (i.e., the therapeutic/pharma-
cological subgroup), delivery month, provider speciality 
(GP and specialist in paediatrics), age, region, and rural-
ity type. Number of packages can be considered a good 
proxy for treatments [16]. Moreover, the Defined Daily 
Dose (DDD) is not a suitable metric for children as this is 

normally assigned based on use in adults [17]. Dose rec-
ommendations for children differ based on age and body 
weight [17]. Antibiotics for topical use (ATC D06A) and 
ophthalmologicals (ATC S01) were not considered.

Population data were obtained from the Belgian sta-
tistical office (Statbel) [18]. Belgium consists of three 
regions, namely Flanders (Northern part), Walloon 
region (Southern part), and Brussels Capital Region [19]. 
Further, we used the DEGURBA classification system 
of the European Commission [20] to label townships as 
“city”, “town/suburb”, or “rural”.

Descriptive statistics were performed in Microsoft 
Excel version 21.02. Statistical analysis was conducted 
with R version 4.0.3. Because of non-linearity, the non-
parametric Mann-Kendall test was used for trend anal-
ysis. A p-value ≤ 0.05 was considered significant. The 
function seasplot was used to construct seasonal plots 
of time series objects which were created through the ts 
function.

Results
The results below describe the number of packages of 
antibiotics for systemic use (ATC J01) delivered in Bel-
gian public pharmacies to children aged zero to 12 years 
and associated NIHDI expenditures, calculated per 1000 
inhabitants. Extensive data tables are included in Addi-
tional file 1.

General trends from 2010 until 2019
In 2019, 670 packages of antibiotics per 1000 inhabitants 
were delivered in Belgian public pharmacies to children. 
In the last decade, the number of packages of antibiotics 
and NIHDI expenditures per 1000 inhabitants have sig-
nificantly decreased with relatively 35.5% (p < 0.001) and 
44.3% (p < 0.001), respectively (Fig. 1). In absolute terms, 
this is a reduction of half a million of packages and 4.7 
million euros. Between 2010 and 2011, the number of 
packages and NIHDI expenditures increased. From 2012, 
these numbers have only decreased, with the strongest 
fall in 2017. From 2015 onwards, NIHDI expenditures 
have been declining more sharply than the number of 
packages.

ATC level 3
The most prescribed classes of antibiotics for children 
are the penicillins (J01C, 78.8% of total antibiotic use for 
children in 2019) and the macrolides, lincosamides, and 
streptogramins (J01F, 14.9% in 2019) (Fig. 2). The biggest 
relative reduction in number of packages is seen for the 
sulfonamides and trimethoprim (J01E, -95.3%, p < 0.001), 
quinolone antibacterials (J01M, -68.2%, p = 0.002), beta-
lactam antibacterials other than penicillin (J01D, -66.0%, 
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p < 0.001), and amphenicols (J01B, -59.7%, p < 0.001) 
(Fig. 2).

Months of the year
In 2019, most antibiotics were delivered in Febru-
ary and December and these months have the highest 
NIHDI expenditure (Supplemental Fig.  1). The least 

antibiotics were delivered during summer, and espe-
cially in August, which also has the lowest NIHDI 
expenditure. There is evidence of seasonality (Fig. 3).

Specialty
During the last ten years, the number of packages of anti-
biotics prescribed for children and NIHDI expenditures 

Fig. 1  Number of packages and NIHDI expenditure per 1000 inhabitants per year (2010-2019). NIHDI: National Institute for Health and Disability 
Insurance

Fig. 2  Number of packages by ATC-3 class per 1000 inhabitants per year (2010-2019). ATC: Anatomical Therapeutic Chemical classification system
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have significantly decreased for all specialties (Fig. 4). The 
number of packages has relatively declined with 38.6% for 
GPs (p < 0.001), with 29.8% (p < 0.001) for paediatricians, 
and with 25.4% (p < 0.001) for other medical doctors 

(e.g., dentists and pulmonologists). NIHDI expenditures 
dropped with 48.3% (p < 0.001) for GPs, with 35.60% (p 
< 0.001) for paediatricians, and with 37.5% (p < 0.001) for 
other medical doctors.

Fig. 3  Seasonal distribution for the number of packages for every year between 2010 and 2019

Fig. 4  Number of packages and NIHDI expenditure by specialty per 1000 inhabitants per year (2010-2019). NIHDI: National Institute for Health and 
Disability Insurance
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In 2019, 66.1% of antibiotics for children was pre-
scribed by a GP and this accounted for 62.5% of NIHDI 
expenditures. Furthermore, 25.1% was prescribed by a 
specialist in paediatrics with associated NIHDI expen-
ditures of 28.9%. Consequently, 8.8% of antibiotics for 
children was prescribed neither by a GP nor by a pae-
diatrician, corresponding to a NIHDI expenditure of 
8.6% (Fig.  5). Only the proportion of number of pack-
ages prescribed by other medical doctors increased sig-
nificantly (RR +15.8%, p = 0.049), as compared to the 
number of packages prescribed by a GP (RR -4.7%, p = 
0.371), or a paediatrician (RR +8.9%, p = 0.152) (Fig. 5). 
Nevertheless, the proportion of NIHDI expenditures 
had a significant trend for every specialty. For GPs, 
this has decreased (RR -7.2%, p = 0.007), while this has 
increased for paediatricians (RR +15.5%, p = 0.007) and 
other medical doctors (RR +12.1%, p = 0.032) (Fig. 5). 
In terms of absolute change, the number of packages 
prescribed by a GP has decreased with 3.3% (AR), while 
this has increased with 2.1% and 1.2% for paediatri-
cians and other medical doctors, respectively. Like-
wise, the proportion of NIHDI expenditures for GPs 
has decreased with 4.8%, while this increased with 3.9% 

and 0.9% for paediatricians and other medical doctors, 
respectively.

Age
In 2019, 18.2% of the antibiotic use in children was rep-
resented by age group of zero- to one-year-olds, 50.6% 
by two- to six-year-olds, and 31.2% by seven- to 12-year-
olds. Considering the number of Belgian inhabitants per 
age category, we can conclude that more antibiotics are 
prescribed in children up to 6 years, compared to seven- 
to 12-year-olds (Fig. 6). Between 2010 and 2019, antibi-
otic use has relatively decreased with 26.9% (p < 0.001) 
for zero- to one-year-olds, with 38.9% (p < 0.001) for two- 
to six-year-olds, and with 31.0% (p = 0.001) for seven- to 
12-year-olds (Fig. 6). NIHDI expenditures have decreased 
with 34.4% (p < 0.001), 45.2% (p < 0.001), and 45.5% (p < 
0.001), respectively.

Area
Antibiotic use has decreased for every region and rurality 
category in Belgium and is the lowest in Brussels Capital 
Region and cities and the highest in Walloon region and 
rural areas (Supplemental Figs. 2 and 3).

Fig. 5  Proportion of number of packages and NIHDI expenditure by specialty per year (2010-2019). The graph for number of packages for the 
category ‘other’ is covered behind its graph for NIHDI expenditure. NIHDI: National Institute for Health and Disability Insurance
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Discussion
Main findings and interpretation
In the last decade, the number of packages of antibiotics 
for systemic use delivered in public pharmacies to chil-
dren and associated NIHDI expenditures have decreased. 
New antibiotic prescribing guidelines [21], several 
national antibiotic campaigns [16], and some local initia-
tives such as communication skills training [22] and dis-
cussing antibiotic prescription behaviour at local quality 
circles [23], are associated with significantly declining 
antibiotic use for children in Belgium. The change of the 
reimbursement conditions in 2017 [24] and 2018 [25] 
and making it mandatory for the pharmacist to deliver 
the cheapest antibiotic [26] have contributed to reduc-
ing NIHDI expenditures. Additionally, the difficulties 
associated with developing new antibiotics [27], together 
with the expiration of patents of agents that did develop 
successfully, promotes that the cheaper, generic antibi-
otics represent a bigger portion of the market [28]. As a 
consequence, the price of the original specialities must 
lower to compete with the generics [29], suppressing 
NIHDI expenditures. An overall decreasing trend in anti-
biotic use and expenditures has been observed for other 

high-income countries, such as France [30], Italy [31], 
Germany [32], and the Netherlands [32].

Similar to other high-income countries [30, 31, 33, 34], 
penicillins are in general the most commonly prescribed 
antibiotics for children. Alternations in prescribing 
guidelines, which is often a consequence of antimicro-
bial resistance and/or side effects [35], drug shortages, 
and the rising co-payment of the patient for certain drug 
classes [25] presumably result in shifts in use of the dif-
ferent antibiotic classes.

We found that most antibiotics are delivered during 
winter and the least during summer. During winter, there 
is a higher incidence of respiratory infections, which are 
mainly caused by viruses [16]. These viral respiratory 
tract infections may lead to a secondary bacterial infec-
tion such as pneumonia or otitis media where an antibi-
otic is often justified [2]. An Italian study observed the 
same seasonality pattern of prescriptions, which was 
shown to be in parallel with the trend of flu syndromes 
[31].

Although declining in the past ten years, most antibiot-
ics for children are still prescribed by GPs, followed by 
paediatricians. In the United States, it was also observed 

Fig. 6  Number of packages and NIHDI expenditure by age category per 1000 inhabitants per year (2010-2019). NIHDI: National Institute for Health 
and Disability Insurance
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that family practitioners account for the highest number 
of outpatient antibiotic prescriptions, followed by pae-
diatricians, internists, and dentists [34]. However, they 
did not consider prescriptions for children separately. 
For paediatricians, the contribution of NIHDI expen-
ditures is higher than for the number of packages. This 
implies that specialists in paediatrics prescribe more 
expensive drugs. Some children presenting to paediatri-
cians require more specialistic, so more expensive, care, 
as they suffer from conditions such as asthma, leukaemia, 
immune deficiency, cystic fibrosis, and recurring uri-
nary tract infections [36]. Moreover, expensive, and often 
more toxic, alternative antibiotics must be used when 
pathogens become resistant to first-line therapy [37]. We 
also found a significant increase in cost and number of 
antibiotic packages prescribed by specialists other than 
GPs or paediatricians (e.g., ear, nose, and throat physi-
cians, pulmonologists, dermatologists, internal medicine 
specialists, and dentists) [12]. Therefore, we hypothesize 
that antibiotic campaigns were less effective for these 
doctors. Besides, extensive antibiotic guidelines are less 
readily available for these doctors, compared to primary 
care physicians.

Although decreasing for all age categories, still more 
antibiotics are prescribed for younger children. This is 
as expected since younger children are more at risk of 
serious infections, requiring more cautious management 
[38]. This is also observed in Italy [31, 33], Denmark [33], 
France [30], and the United States [34].

As with our study, geographic variations in antibiotic 
consumption have also been observed for Italy [31] and 
the United States [34].

Strengths and limitations
This is an in-depth analysis of recent antibiotic dispens-
ing data for children in Belgium. Farmanet is a reliable 
source of antibiotic prescription data, as opposed to self-
reporting by patients. This database contains enough 
detail regarding the age and place of residence of the 
child and the specialty of the prescribing healthcare pro-
fessional. We used the number of packages as a proxy of 
antibiotic use, as DDD is not a suitable metric for chil-
dren [17].

Our research has some limitations as well. It is crucial 
to keep in mind that, given the data retrieved from Far-
manet, exposure to antibiotics is underestimated because 
the practice of self-medication is unknown, i.e., the use 
of leftovers or drugs obtained from elsewhere (e.g., 
abroad, friends and family) [39]. In fact, this could repre-
sent an important source of inappropriate antimicrobial 
use [39]. Belgian antibiotic use is even more underesti-
mated, as we did not consider the prescriptions of anti-
biotics for topical use and ophthalmologicals. These 

classes of antibiotics fall out of the scope of this research, 
namely diagnostic uncertainty in acutely ill children. On 
the other hand, it is impossible to estimate whether the 
patient took the prescribed drug and that it was taken as 
prescribed by the doctor (i.e., right dose, time of the day, 
and duration) [40].

Moreover, our conclusions should be interpreted 
with caution, as correction for population growth and/
or decline is imprecise. Farmanet calculates age as 
delivery year of the antibiotic minus birth year, over-
estimating the actual age of the children, while Statbel 
contains data for the first of January of each year. This 
means that data retrieved from Farmanet and Statbel 
cannot be perfectly aligned to perform trend analysis 
per 1000 inhabitants. However, correcting for alterna-
tions in the population allows generalisability to other 
settings.

Implications for research
This research is a critical step in identifying where antibi-
otic prescribing practices can be improved. Our data sug-
gest that physicians working in Walloon region and rural 
areas prescribe more antibiotics per 1000 inhabitants. 
Besides, in the past ten years, other medical doctors than 
GPs and paediatricians have proportionally prescribed 
more antibiotics for children.

The lack of information about the indication the drug 
was prescribed for, the dosing frequency, and the dura-
tion of therapy, make it impossible to estimate whether 
the use of antibiotics was appropriate based on these 
data. Further research is needed to investigate the appro-
priateness of prescriptions.

Moreover, further research should investigate tem-
poral trends of broad and narrow spectrum antibiotic 
use, as we did not provide data on the individual anti-
biotics. Physicians prescribe broad-spectrum antibiotics 
because of diagnostic uncertainty, stimulating anti-
microbial resistance [41]. This diagnostic uncertainty 
occurs for instance when the physician does not know 
whether the illness is of viral or bacterial origin or, when 
considered bacterial, which bacteria is the causative 
micro-organism.

Future studies should aim to analyse whether 
COVID-19 has had an impact on antibiotic use in Bel-
gium. We hypothesize that, similarly to England [42], 
the number of prescriptions will have declined, but 
when compared to the number of doctor’s appoint-
ments, this number is higher than expected. During 
COVID-19, there is a higher rate of remote/telephone 
consultations, leading to higher diagnostic uncertainty 
by which physicians tend to prescribe an antibiotic 
more easily [42].
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Conclusions
The past decade, paediatric antibiotic use and expen-
ditures have decreased in Belgian ambulatory care. The 
highest volumes of antibiotics for children are prescribed 
by GPs working in Walloon region and rural areas, to 
younger children, and during winter. Prudent antibiotic 
prescribing should be continuously promoted in ambula-
tory care.
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