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Abstract

The objective of this study was to analyse reports on adverse drug reactions (ADRs) from
Germany in the particularly vulnerable patient group of children and adolescents. Reporting
characteristics, demographic parameters and off-label use were examined among others.
The ratio of ADR reports per number of German inhabitants and the ratio of ADR reports per
number of German inhabitants exposed to drugs were calculated and compared. These
parameters were examined to derive trends in reporting of ADRs. 20,854 spontaneous ADR
reports for the age group 0—17 years were identified in the European ADR database Eudra-
Vigilance for the time period 01.01.2000-28.02.2019 and analysed with regard to the afore-
mentioned criteria. 86.5% (18,036/20,854) of the ADR reports originated from Healthcare
Professionals and 12.2% (2,546/20,854) from non-Healthcare Professionals. 74.4%
(15,522/20,854) of the ADR reports were classified as serious. The proportion of ADR
reports per age group was 11.8% (0—1 month), 11.0% (2 months—1 year), 7.4% (2-3
years), 9.3% (4—6 years), 25.8% (7—12 years), and 34.8% (13—17 years) years, respec-
tively. Male sex slightly dominated (51.2% vs. 44.8% females). Only 3.5% of the ADR
reports reported off-label use. The annual number of ADR reports increased since 2000,
even if set in context with the number of inhabitants and assumed drug-exposed inhabitants.
The pediatric population declined in the study period which argues against its prominent role
for the increase in the total number of ADR reports. Instead, among others, changes in
reporting obligations may apply. The high proportion of serious ADR reports underlines the
importance of pediatric drug safety.
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access is granted to researchers of other
institutions, health care professionals and the
public. Thus, the presented analysis may be
performed on a higher level but not in that detail by
other researchers. However, due to the tiered
access granted by EMA it is not possible to make
the data sets of the more detailed analysis publicly
available. Future researchers can address further
data inquiries to the European Medicines Agency:
Domenico Scarlattilaan 6 1083 HS Amsterdam The
Netherlands Tel: +31 (0)88 781 6000 https://www.
ema.europa.eu/en/about-us/contact/send-
question-european-medicines-agency.
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Introduction

Adverse drug reactions (ADRs) in children negatively impact on their quality of life, although
no specific instrument is available to measure the negative effect [1].

In Germany, 1.7% of children taking medication on an outpatient basis experience at least
one ADR [2]. According to systematic reviews the incidence of ADRs leading to hospital
admission for children ranges from 0.4% to 10.3% (pooled estimate of 2.9% (2.6%, 3.1%)) [3].
For Germany, the respective figure was 1% [4]. In contrast, the ADR incidence in hospitalized
children is estimated to be higher ranging from 9.53% [5] to 13.1% [6]. In comparison the inci-
dence of hospitalisation of adult outpatients in Germany is 3.2% [7].

The objective of the present study was to analyse the annual number and the characteristics
of ADR reports for children and adolescents in Germany between 2000 and 2019. Further-
more, the number of ADR reports was set in context with the number of inhabitants and the
number of assumed drug-exposed inhabitants. In addition, ADR reports informing about oft-
label use were analysed.

Material and methods

Compliance with ethical standards and ethics approval

The study had been approved by the local ethics committee of the Medical Faculty of Bonn
(009/17). All ADR reports contained in EudraVigilance are pseudonymised.

ADRs

An ADR is defined as a response to a medicinal product which is noxious and unintended.
The legal definition of an ADR was amended in 2012 [8]. Before 2012 the legal definition was
restricted to the use of the drug within the terms of the marketing authorisation. After the
amendment the definition included ADRs which have arisen from the use of a medicinal prod-
uct within and outside the terms of the marketing authorisation such as overdoses, off-label
uses, misuses, abuses and medication errors [9]. Our analysis comprises all ADR reports before
and after the change of the legal definition of ADRs.

EudraVigilance

EudraVigilance is the ADR database of the European Medicines Agency (EMA). The EudraVi-
gilance Data Analysis System (EVDAS) is the tool, which is used by the EMA and national
competent authorities (NCAs), among others, to monitor the safety of all authorised medicines
in the EU [10]. Public access is granted to EudraVigilance although different levels of access
apply to different stakeholders [11]. In EudraVigilance, ADRs are coded in accordance with
Medical Dictionary for Regulatory Activities (MedDRA) terminology [12].

Reporting routes of ADRs

Physicians in Germany are obliged by their professional conduct code to report ADRs to their
professional councils, the Drug Commission of Pharmacists or to the Drug Commission of the
German Medical Association [13] which forward these reports to either the Federal institute
for Drugs and Medical Devices (BfArM) or the Paul-Ehrlich-Institute (PEI). The BfArM is
responsible for chemically defined drugs, the PEI is responsible for monoclonal antibodies,
vaccines etc. [14-16]. The competent authorities forward these ADR reports to EudraVigi-
lance, the ADR database of the European Medicines Agency (EMA). Furthermore HCPs and
consumers may also report to the marketing authorization holders which will send these
reports to EudraVigilance. Consumers may also report directly to one of the two competent
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authorities which will then redirect these reports to EudraVigilance [17]. Due to method
inherent limitations, analysis in ADR databases like EudraVigilance cannot provide ADR inci-
dences like randomized controlled trials. However, the analysis of ADR reporting, in particular
if put in context with external data sources like the number of inhabitants and assumed drug-
exposed inhabitants provides other relevant drug safety information and represents an
acknowledged pharmacovigilance tool.

Identification of cases in EudraVigilance

All spontaneous ADR reports in which drugs were designated as suspected/interacting origi-
nating from Germany and received between 01.01.2000-28.02.2019 were identified in EVDAS
(n =473,344). Therefore, ADR reports collected during an observational study, reports catego-
rised as study reports or other reports, or those of unknown origin (not assigned to any cate-
gory) were excluded. The dataset was further restricted to reports for children aged 0-17 years
(n =46,042; 9.7%). We also excluded ADR reports referring to vaccines, because vaccination is
a medical process which differs from drug administration and is used in specific age intervals,
which would affect our age and sex stratified analysis. At the end, the data set consisted of
20,854 spontaneous ADR reports (Fig 1).

Strategy of analyses

The final dataset was analysed with regard to reporting sources, seriousness criteria, age and
sex distribution, time course of annual reports and reports informing about off-label use. Fur-
thermore reporting rates were calculated in context with the number of inhabitants and
assumed drug-exposed inhabitants.

Age and sex distribution

For the age stratified analysis, a modified age stratification according to the National Associa-
tion of Statutory Health Insurance Physicians was used (“0-1 month”, “2 months—1 year”,

“2-3 years”, “4-6 years”, “7-12 years” and “13-17 years”) [18]. These age-stratified groups
were analysed by sex.

Time course of annual reports

The time course of the ADR reports from 2000-2018 was evaluated, especially with regard to
the reporting sources (HCP/non-HCP) and the seriousness of the report.

Seriousness criteria

The classification “serious ADR” corresponds to the legal definition of seriousness in accor-
dance with the GVP guideline [19] and defines any untoward medical occurrence to a medici-
nal product that results in death, is life-threatening, requires inpatient hospitalisation or
prolongation of existing hospitalisation, results in persistent or significant disability or inca-
pacity, or is a congenital anomaly/birth defect [20]. Multiple assignments per ADR report are
possible. This definition of seriousness refers to the legal criteria which should not be under-
stood as being identical with the severity of an ADR, which refers to clinical aspects [21].

Primary reporting source

The primary reporting source defines the person who generated the ADR report. In this
respect, a Healthcare Professional (HCP) is a medically-qualified person such as a physician,
dentist, pharmacist, nurse, or coroner. In contrast, a non-Healthcare Professional (non-HCP)
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EudraVigilance
n = 8.3 milion reports

Analysis criteria

Germany, 01.01.2000 - 28.02.2019, spontaneous reports,
suspected/interacting/drug not administered, historic*! date:
27.03.2019, identification ofreports referring to patients 0 <
18 years

n = 46,042
Exclusion of reports dealing with
-vaccines with ATC J07 (n=24,397)
-vaccines without ATC code, which are filtered computer-
based (n = 791)
n = 20,854 Final dataset

Fig 1. Generation of the final dataset. Fig 1 shows the analysis criteria and the number of ADR reports identified in EudraVigilance
with regard to the defined inclusion and exclusion criteria. "The historic date corresponds to the date of the query. This date was set
at the beginning and was applied to all subsequent analyses in order to exclude subsequent changes to the dataset (e.g. due to follow-

https://doi.org/10.1371/journal.pone.0247446.9001

is defined as a person who is not a HCP such as a patient, lawyer, friend or relative of a patient
[9]. The reporting source can be different from the sender of the report, e.g. a marketing
authorization holder who forwarded the report to the competent authority. An ADR report
may be reported or co-reported by more than one primary source.

In order to analyse if there was an increase in the number of ADR reports only reported by
non-HCPs in recent years, the number of ADR reports reported by an HCP was divided by the
number of ADR reports from non-HCPs for each year (in brevity “HCP/non-HCP ratio”).
Additionally, we calculated the ratio of the number of serious ADR reports divided by the
number of non-serious ADR reports (in brevity “serious/non-serious ratio”) independent of
the primary reporting source and for HCPs and non-HCPs.

Number of drug prescriptions in defined daily doses (DDD)

We determined the number of drug prescriptions in defined daily doses (DDD) per insured
person for each year from 2000-2018. The number of prescriptions in DDD per insured per-
son per age group was obtained from the annually published prescription data (AVP) [22].
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These publicly available drug prescription reports cover all reimbursements for medicinal
products prescribed at the expense of the statutory health insurances, excluding over-the-
counter drugs and limited to outpatient prescriptions. Hence, drug prescriptions of privately
insured patients or inpatients are missing. It is estimated that the drug prescriptions recorded
in the drug prescription reports present roughly 90% of the German population [23, 24].

The DDD as a standardized value may deviate from the individually applied or prescribed
dose in varying extent depending on the individual drugs [22]. The presented DDD per
insured person referred to the age group 0-19 years, which slightly deviated from our target
population (0-17 years).

Reporting rates

The exact number of inhabitants exposed to drugs in Germany is not known. Hence, we set
the number of ADR reports in relation to the number of inhabitants and to the number of
assumed drug-exposed inhabitants:

1. Number of ADR reports: we analysed the number of ADR reports for the age groups 0-2
years, 3-6 years, 7-10 years, 11-13 years and 14-17 years in total and stratified by sex for
each of the years 2000-2018.

2. Number of inhabitants: we analysed the population figures for the age groups 0-2 years, 3-6
years, 7-10 years, 11-13 years and 14-17 years by sex for each year in the period 2000-2018
using data from the Federal Statistical Office’s GENESIS database (Destatis) [25].

3. Average number of ADR reports per 100,000 inhabitants stratified by age group: a ratio (i/ii)
was calculated for each sex in the respective age group for each year in the period 2000-
2018, and then an average value for 2000-2018 was formed. The results for the average
number of ADR reports per 100,000 inhabitants are shown in Fig 4A.

4. Average number of ADR reports per 100,000 assumed drug-exposed inhabitants stratified by
age group and sex: the calculation was analogous to iii) except for the number of inhabitants
(ii) which was multiplied by the percentage of children and adolescents exposed to drugs
according to the KiGGS 1 study from 2007 (Fig 4B) and the KiGGS 2 study from 2019 (Fig
4C). It should be noted that in the KiGGS 2 study [26] the number of drugs administered
for the age group 0-2 years was not recorded. In addition, the date of the ADR may differ
from the date of the ADR report (e.g. due to delayed reporting). The year of the receive date
of the ADR report was used for all ratio calculations, thus, the inaccuracy would apply to all
19 years, reducing any impact [14].

Off-label use

In order to analyse the number of ADR reports referring to off-label use, we combined appro-
priate preferred terms (PTs) according to the MedDRA catalogue [12] (S4 Table in S1 File).
Possibly, not all ADR reports referring to drugs that were used off-label are coded with one of
the aforementioned PTs. Thus, not all ADR reports may have been identified.

Statistical analysis

Means and medians were calculated for the patients’ age and the increase of ADR reports per
inhabitant/assumed drug-exposed inhabitant. We calculated an odds ratio (OR) with Bonfer-
roni confidence interval (CI) adjustment for each age group for males versus females. This was
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set in relation to the number of males/females in the other age groups, in order to identify dif-

ferences in sex distribution in the dataset for different age strata.
This dataset has also been subject to a separate investigation which analysed suspected
drugs and the reported ADRs (manuscript in preparation).

Results

Primary reporting source

The identified 20,854 ADR reports were reported by 23,612 reporting sources. A HCP was
involved in reporting the ADR in the majority of cases (86.5%). Only 12.2% were explicitly
reported by a non-HCP (Table 1). In 10.3% of those reports in which a HCP was recorded, a
non-HCP was noted as additional reporting source. On a more detailed level, 58.4% of the
ADR reports were reported by a physician only, 9.4% by a pharmacist only and 12.2% by a

consumer only.

Table 1. Reported characteristics of the dataset.

patients demographics
mean age (median)
Female

Male

Unknown
seriousness criteria *
Serious

Death
life-threatening
hospitalisation
Disabling
congenital anomaly
Unknown

primary source b
HCP

Physician
Pharmacist
non-HCP
Consumer

Unspecified

Complete dataset (n = 20,854)

8.5 years (9.0 years)
44.9% (n = 9,354)
51.2% (n = 10,670)
4.0% (n = 830)

74.4% (n = 15,522)
2.9% (n = 604)
6.6% (n = 1,374)
31.9% (n = 6,655)
1.7% (n = 358)
5.5% (n = 1,140)
4.2% (n = 876)

86.5% (n = 18,036)
58.4% (n = 12,171)
9.4% (n = 1,959)
12.2% (n = 2,546)
12.2% (n = 2,537)
1.3% (n = 272)

Table 1 shows an overview of the demographic parameters of the cases identified in EudraVigilance. In addition,

seriousness and primary reporting sources for the reported cases were analysed.

2 one ADR report may contain information about more than one seriousness criterion, therefore, the number of

reported seriousness criteria exceeds the number of ADR reports.

" the term HCP summarizes all ADR reports in which a HCP (e.g. pharmacist, physician, other HCP) was involved in

reporting the ADR. The term non-HCP summarizes all ADR reports in which only a non-HCP (e.g. consumer,

lawyer, other non-HCP) was involved in reporting the ADR. Beyond that, Table 1 lists the number of reports which

were only reported by physicians, pharmacists or consumers, respectively. The percentage determined refers to the

share of the reporting source in the total number of all reports (20,854 reports).

https://doi.org/10.1371/journal.pone.0247446.t001
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total number of ADR reports

Seriousness criteria

Over the complete dataset 74.4% of the ADR reports were classified as serious. 2.9% of all ADR
reports were marked as fatal. 6.6% of the ADR reports were classified as life-threatening and
31.9% explicitly informed about a hospitalisation or prolongation of an existing hospitalisation
(multiple assignments per ADR report were possible) (Table 1). If stratified by age group, the
highest number of serious ADR reports was observed for the age group 0-1 month with 93.5%
(2,291/2,451). Moreover, within this age group, the highest number of ADR reports relating to
the seriousness criterion "congenital anomaly" was found with 39.5% (968/2,451). The highest
number of ADR reports designated with the seriousness criterion “death” was seen in the age
group 2 months—1 year with 6.1% (141/2,302) (S1 Table in S1 File).

78.7% of the ADR reports originating from physicians were classified as serious and 2.9% as
fatal, compared to 53.2% (serious) and 1.7% (fatal) of the consumer reports. Among all seri-
ousness criteria, only the relative share for “congenital anomaly” was higher in consumer com-
pared to physician reports (4.9% versus 4.0%) (S2 Table in S1 File).

Age and sex distribution

Across the complete dataset male sex slightly dominated. 51.2% of the ADR reports referred to
males, 44.9% to females and in 4.0% of the ADR reports the sex was not specified. Male sex
was more often reported in every age group between 0-12 years (55.5% males vs. 39.6%
females) except for the age group 13-17 years (43.0% males vs. 54.8% females) (S1 Fig in
S1 File).

With regard to the age distribution, most of the ADR reports referred to the age group 13-
17 years (34.8%), followed by the age groups 7-12 years (25.8%), and 0-1 month (11.8%).

Time course of annual reports

The total number of reports per year has increased in the time period 01.01.2000-31.12.2018
(Fig 2).

In 1.3% (271/20,854) of the reports the primary reporting source was not specified. There-
fore, the number of reports for HCPs and non-HCPs do not exactly add up to the total number

2000 1

1000 1

— ADRrreports
= HCP

non HCP
— serious

- nonserious

/

2000 20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

years

Fig 2. Total number of ADR reports per year stratified by seriousness and primary reporting source.

https://doi.org/10.1371/journal.pone.0247446.9002
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of ADR reports. Likewise, in 4.2% of the reports it was unknown if the reaction was serious or
non-serious. Hence, the number of serious and non-serious reports does not add up exactly to
the total number of ADR reports.

A huge rise in the number of ADR reports was observed in 2018 with almost twice as many
ADR reports as for the year 2017. This seems to be caused by a considerable increase of non-
serious ADR reports in 2018 (3.7 times compared to 2017). The ratio serious/non-serious
ADR reports showed a fluctuation over the years. The lowest ratios of serious/non-serious
ADR reports were observed in the years 2000 (ratio: 0.4) and 2018 (ratio: 0.5) whereas the
highest ratios were observed in 2006 (ratio: 13) and 2007 (ratio: 10.6). Submission of reports
by both, HCPs and non-HCPs increased from 2017 to 2018. However, the relative increase
was higher for reports submitted by non-HCPs (factor 2.4) than for reports submitted by
HCPs (factor 1.8). Likewise, the ratio of reports submitted by HCPs versus non-HCPs
decreased during the time period 2000 (ratio: 21.5) to 2018 (ratio: 2.5) apart from 2006 (ratio:
34.0) and 2007 (ratio: 25.1), where higher ratios were observed.

From 01.01.2000-28.02.2019 the number of reports forwarded by MAHs to EudraVigi-
lance, increased. This can be seen by the relative decrease of reports forwarded by the compe-
tent authorities BIArM and PEI to EudraVigilance.

The percentage of reports sent by BIArM/PEI was 85.9% until 31.12.2017 but only 25.7%
for 2018.

Total number of reports per 100,000 inhabitants, assumed drug-exposed
inhabitants, and prescription data in the respective years

In contrast to the increase of the absolute number of ADR reports from 2000 to 2018, the num-
ber of inhabitants aged 0-17 years decreased. (S3 Table in S1 File). The ratio number of ADR
reports/100,000 inhabitants increased from 2000 (3.1) to 2018 (19.4) (S3 Table in S1 File and
Fig 3).

The average ratio over the complete time period was 7.8 [+/- 3.5] ADR reports per 100,000
inhabitants. The average number of ADR reports/100,000 assumed drug-exposed inhabitants
was 15.4 [+/- 7.0], when referring to the drug exposure based on the analysis for the time
period 2003-2006 (KiGGS 1) [27]. Referring to the drug exposure based on the analysis for the
time period 2014-2017 for KiGGS 2, the average ratio was 21.4 [+/- 9.7] [26]. The number of
drug prescriptions in DDD per insured person slightly increased from 610 (2004) to 657
(2018) (S3 Table in S1 File). Interestingly, the DDD per insured person was highest for the age
group 0-4 years with 35.5% in relation to the total age group 0-19 years (3,208 DDD/9,046
DDD). Between 2004 and 2018, 30.9-40.7% of all DDDs prescribed for the whole age group
0-19 years referred to this age group.

Age-stratified analysis of the annual number of reports per 100,000
inhabitants and assumed drug-exposed inhabitants

If stratified by age group and covering the complete time period, the highest ratio (iii) (see
Material and methods) with approx. 13.4 ADR reports/100,000 inhabitants was calculated for
the age group 0-2 years whereas the lowest ratio was observed for the age group 3-6 years (4.7
ADR reports/100,000 inhabitants). Average figures for males were higher than for females in
every age group except for the age group 14-17 years (Fig 4A).

If the number of ADR reports was set in relation to the number of 100,000 assumed drug-
exposed inhabitants (iv) (in Material and methods) based on data obtained from the KiGGS 1
study [27], the highest ratio was observed for the age class 14-17 years (18.9 ADR reports/
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total number of ADR reports

40-

10-

— ADR reports per 100,000 inhabitants

ADR reports per 100,000 assumed
drug-exposed inhabitants (KiGGS 1)

— ADR reports per 100,000 assumed
drug-exposed inhabitants (KiGGS 2)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

years

Fig 3. Annual number of ADR reports per 100,000 inhabitants and assumed drug-exposed inhabitants (based on two consecutive published
estimations of assumed drug exposure). Fig 3 depicts the annual number of ADR reports per 100,000 inhabitants and assumed drug- exposed
inhabitants based on two consecutive published estimations of assumed drug exposure KiGGS 1 [23] and KiGGS 2 [22].

https://doi.org/10.1371/journal.pone.0247446.9003

100,000 assumed drug-exposed inhabitants), whereas the second highest ratio was calculated
for the age group 0-2 years (17.8 ADR reports/100,000 assumed drug-exposed inhabitants).

In contrast, in the KiGGS 2 study the age groups 11-13 years (21.1 ADR reports/100,000
assumed drug-exposed inhabitants) and 14-17 years (20.6 ADR reports/100,000 assumed
drug-exposed inhabitants) accounted for the highest ratios. Despite the higher number of
ADR reports in absolute terms, in relation to the number of drug-exposed inhabitants, the
number of ADR reports for females and males aged 14-17 years was almost equal. When link-
ing the average number of ADR reports/100,000 inhabitants with the exposure data from
KiGGS 1, 18.2 ADR reports/100,000 assumed drug-exposed inhabitants were found in females
compared with 19.0 ADR reports/100,000 assumed drug-exposed inhabitants in males. By
linking the average number of ADR reports/100,000 inhabitants with the exposure data from
KiGGS 2, 19.8 ADR reports/100,000 assumed drug-exposed inhabitants were determined for
females and 20.6 ADR reports/100,000 assumed drug-exposed inhabitants for males.

Off-label use

Only 3.5% (722/20,854) of the reports were explicitly designated as oft-label (Table 2). 3.7% of
these cases were designated as fatal compared to 2.9% of the complete dataset.

Most of the reports designated as off-label-use (37.7%; 272/722) referred to the age group of
13-17 years. However, if referring to the number of reports for this age group, only, 3.8%
(272/7,251) of the ADR reports related to an off-label use (S4 Table in S1 File). In comparison,
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Fig4. A) Average number of ADR reports per 100,000 inhabitants; B) Average number of ADR reports per 100,000 assumed drug-exposed inhabitants
(KiGGS 1 [27]); C) Average number of ADR reports per 100,000 assumed drug-exposed inhabitants (KiGGS 2 [26]). Fig 4A shows the mean (+/- SD)
number of ADR reports per 100,000 inhabitants distributed by age and sex. Fig 4B and 4C show the mean (+/- SD) number of ADR reports per 100,000
assumed drug-exposed inhabitants distributed by age and sex. The proportion of drug-exposed children was taken from the KiGGS 1 study (Fig 4B)

[27] and the KiGGS 2 study (Fig 4C) [26]. KiGGS 2 [26] does not present the number of applied drugs for the age group 0-2 years, hence, no calculation
for this age group is shown in Fig 4C. For the calculation of the assumed drug-exposed inhabitants, the number of inhabitants per year (2000-2018) was
multiplied with the proportion of drug-exposed children.

https://doi.org/10.1371/journal.pone.0247446.9004

the proportion of children aged 4-6 years identified in reports as off-label use was lower with
11.9% (86/722). However, when these reports are related to the total number of reports avail-
able for this age group, the highest proportion compared to the other age groups was calculated
with 4.5% (86/1,929). In contrast, 3.1% (22/722) of the reports referred to off-label reports
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Table 2. Characteristics of the 722 cases explicitly designated as off-label use.

# Age groups
0-1 month

2 month—1 year
2-3 years

4-6 years

7-12 years

13-17 years
Seriousness criteria
Serious

Death
Life-threatening
Hospitalisation
Disabling

Congenital anomaly

Off-label use (3.5%, n = 722)

total

3.1% (22/722)
11.4% (82/722)
7.8% (56/722)
11.9% (86/722)
28.3% (204/722)
37.7% (272/722)

62.7% (453/722)

female

1.0% (7/722)
4.0% (29/722)
3.1% (22/722)
4.2% (30/722)
11.9% (86/722)
22.4% (162/722)

male

1.5% (11/722)
5.5% (40/722)
4.0% (29/722)
6.2% (45/722)
14.1% (102/722)
13.8% (100/722)

unspecified
0.6% (4/722)
1.8% (13/722)
0.7% (5/722)
1.5% (11/722)
2.2% (16/722)
1.4% (10/722)

3.7% (27/722)
4.8% (35/722)

21.1% (152/722)

1.5% (11/722)
0.7% (5/722)

Table 2 shows the number of reports available on off-label use. These reports were classified according to age group and seriousness (without age classification).

* classification into corresponding age groups according to the classification of the National Association of Statutory Health Insurance Physicians in Germany

(NASHIP/ KBV) [18].

https://doi.org/10.1371/journal.pone.0247446.t1002

related to the age group 0-1 month, while in relation to the respective total number of reports
for this age group, only 0.9% (22/2,451) of the ADR reports related to off-label use.

In all age groups there were slightly more reports of off-label use among males than among
females, except for the age group 13-17 years (22.4% vs. 13.8%).

Discussion

To the best of our knowledge, this is the first explicit descriptive analysis of the characteristics
and the time course of ADR reports referring to children for Germany in the EudraVigilance

database. In addition, this analysis also took external data sources such as exposure and popu-
lation data into account.

Age and sex distribution

In our dataset sex was almost equally distributed over the whole dataset with a slight prepon-
derance of males (51.2%) over females (44.9%), as also seen in other studies (28, 29). In con-
trast, in ADR reports referring to all ages in Germany, female sex dominated (54.6% females,
38.8% males) [15]. If the reports were additionally stratified by age, in our analysis male sex
was more often reported in patients aged 0-12 years (male 55.5% vs. female 39.6%) and female
sex was more often reported in the age group 13-17 years (male 43.0% vs. female 54.8%) as
also described in literature [28, 29]. This finding may reflect the higher proportion of females
taking any drugs compared to males as observed in a German study [26]. In this respect
roughly 21.5% of females aged 14-17 years take hormonal contraceptives [26] and this may
contribute to the higher number of drug-exposed females thereby leading to an increase of
ADR reports in absolute terms for females aged 14-17 years in Germany. If the number of
ADR reports for females is related to the number of assumed drug-exposed inhabitants, the
ratios for females and males were almost comparable. Thus, the higher number of ADR reports
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for females in absolute terms may reflect their higher drug exposure. However, further analyses
would be necessary in order to make a more precise statement.

Seriousness criteria

Over the complete dataset, 74.4% of all ADR reports were classified as serious in accordance
with the legal definition [21] (HCP reports: 77.4%; non-HCP reports: 53.4%) (Table 1).In a
systematic review of studies of ADRs in children using ADR databases, the percentage of
ADRs or reports classified as serious ranged from 2% - 68% [30]. In the analysis in the Food
and Drug Administration’s adverse event reporting system (FEARS), which included 36,241
pediatric reports, 62% of them were classified as serious [31]. It is emphasized that the designa-
tion of an ADR as serious follows the legal definition which may deviate from the clinical clas-
sification of severity of an ADR [21]. In addition, it should be noted that marketing
authorization holders have been obliged to report serious ADRs within 15 days, whereas an
ongoing obligation to report non-serious ADRs on a regular basis and as individual case
reports has been established in 2017 (for a detailed description of the former and actual report-
ing obligations see [15]). Nevertheless, non-serious reports have also been submitted before.
However, a preferential reporting of serious reports could explain to a certain extent the rela-
tively high percentage of cases classified as serious. In total, the percentage of 74.4% from this
study is higher than the percentage of 66.9% which has been reported for the complete ADR-
dataset for Germany (no age restriction) [15].

For studies performed in the EU with death as an outcome ranged from 0.1% to 2.2% [30]
compared to 2.9% in our and 8% in the US study [31]. Differences in the study design (e.g. in-
or exclusion of vaccine reports) may account among others for this difference.

Primary reporting source

In our analysis 86.5% of all reports were reported or co-reported by HCPs and 12.2% of the
reports were from non-HCPs, such as consumers and lawyers (reports from lawyers < 1%).
These figures seem to be roughly in line with data from other studies which, however, reported
separate figures for physicians, pharmacists and other HCPs like nurses [29, 32-34].

The ratio serious vs. non-serious ADR reports was higher for HCP reports (4.2: 1) than forth
non-HCP reports (1.2: 1). This suggests that non-HCPs tend to report more frequently non-
serious ADRs as compared to HCPs. In an analysis of ADR reports for children from Euro-
pean consumers, about 60% were designated as serious [35] which compares to 53.4% in our
analysis. However, since the far majority of reports in our analysis originated from HCPs
(n = 18,036; 86.5%), their share among the non-serious reports clearly outweighs the non-seri-
ous reports from non-HCPs.

Total number of reports per 100,000 inhabitants, assumed drug-exposed
inhabitants, and prescription data in the respective years

As already observed in a previous analysis of ADR reports referring to patients of all ages, we
also observed a continuous increase in the annual number of ADR reports for children and
adolescents from 2000-2018 [15]. However, the significance of the absolute number of ADR
reports per year as a stand-alone figure is limited [36]. Hence, we set it in relation to the num-
ber of inhabitants, assumed drug-exposed inhabitants, and publicly available prescription data
in the respective years (see further below).

Over the complete period our calculated average number of ADR reports/100,000 inhabi-
tants was 7.8. This compares well to a systematic review of studies of ADRs in children using
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ADR databases which found ADR reporting rates for studies originating from the EU from 1.1
to 23.8 ADR reports/100,000 inhabitants [30].

We also analysed the course of the annual number of ADR reports in relation to the num-
ber of inhabitants per year in the study period. Conversely to the increase of ADR reports
from 2000-2018 (2000: 477 reports/year; 2018: 2,633 reports/year), the number of children
declined (2000: 15.5 million children; 2018: 13.6 million children). Therefore, the observed
increase in reports is not due to an increase of children in this time period. In contrast, the pro-
portion of children exposed to drugs has decreased from the KiGGS 1 study (46.4%) to the
KiGGS 2 study (36.4%) (this finding may also be due to differences in the study designs of the
two epidemiological studies).

As a next step we calculated the number of assumed drug-exposed inhabitants as a denomi-
nator using data from the two German KiGGS studies [26, 27]. These ratios also increased
over the analysed time period (Fig 4B and 4C).

We also investigated the annual drug exposure in terms of defined daily doses (DDD) [37]
per insured person aged 0-19 years. An increase in DDDs per insured person aged 0-19 years
was observed in the prescription reports between 2000 and 2018 (S3 Table in S1 File). How-
ever, it cannot be differentiated whether this increase is due to more children being exposed to
drugs or to more children being exposed to more than one drug. Nevertheless, both scenarios
would probably increase the incidence of ADRs and could therefore contribute to an unknown
extent to the increase in the number of ADR reports per year.

In summary, the different approaches to combine the number of ADR reports with other
sources (inhabitants or exposure data) pointed into the same direction, suggesting that the
increase in the total number of ADR reports in the time period 01.01.2000-28.02.2019 is not
essentially due to an increase of the pediatric population. Instead other factors may apply
which are discussed below.

First, as discussed previously, changes of the reporting obligations, in particular following
the release of the new pharmacovigilance legislation in 2012 [8], could account to some extent
for the increase. As one consequence, the definition of the term ADR was widened and now
includes also those ADRs which occurred with the use of the drug outside its authorised
conditions.

Second, since 2017 all non-serious ADRs have to be reported as a unique/single ADR report
electronically within 90 days to the EudraVigilance database in accordance with the legal
requirements [8]. This may partially explain the sharp increase in non-serious ADR reports in
2018 (2017: 484 non-serious ADR reports; 2018: 1,793 non-serious ADR reports; + 370%).

Third, the number of non-HCP reports has steadily increased from 19 reports in 2000 with
a peak share of 759 reports in 2018 (+ 3,995%). The aforementioned new pharmacovigilance
legislation obliged all EU member states to establish patient/consumer reporting within their
spontaneous reporting systems [8]. Although consumer reports have been regularly published
in Germany, their share has increased significantly in recent years [15].

Fourth, in 2007 the Pediatric Regulation was implemented in the EU [38] and a new guid-
ance on reporting ADRs in children was published in Germany [39]. Both measures may have
stimulated reporting from physicians and the pharmaceutical industry [39]. In fact, from 2006
to 2007, the number of reports rose from 952 to 1210.

Fifth, the increase in ADR reports could also reflect a generally increased consciousness for
ADRs by HCPs and consumers and the motivation to report them, facilitated by an easier
access to information in the internet and the possibility to report ADRs online [15].

All these factors may have contributed to a different extent to an increase of the ADR
reports in the time period investigated. However, it is not possible to define the individual con-
tribution of each single factor.
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Age stratified analysis of the annual number of reports per 100,000
inhabitants and assumed drug-exposed inhabitants

The age group 3-6 years has the lowest ratio of ADR reports/inhabitant (Fig 4A) and assumed
drug-exposed inhabitant (Fig 4B and 4C). In contrast, the highest ratios were observed for the
age groups 0-2 years and 14-17 years. It should be noted that the age group 0-2 years includes
neonates (0 days—1 month), to which 11.8% of all ADR reports referred to. Exposure in this
age group may be due to the mother taking medication during pregnancy. In addition, one
may speculate that children aged 0-2 years receive more often drugs, thereby increasing the
likelihood of ADREs. In fact, the first KiGGS study reported that roughly 74.9% of the age
group 0-2 years took any medication [27]. This huge percentage may be due to the youngest
patients (0-6 month) for which the prevalence of drug intake was estimated to be as high as
92%. In addition, there are three recommended and reimbursed presentations to pediatric
physicians in Germany in the time period 0-2 months [40]. These presentations to pediatric
physicians may increase the likelihood of ADRs being detected and reported. For instance
malformation if suspected to be caused by a drug may be more likely reported in the first
months after birth than later. In our analysis, there were 968 reports of malformations among
the 2,451 reports for the age group 0-1 month to 2 years. There may also be a higher risk of
ADRs in this age group due to the special pharmacokinetics and pharmacodynamics [41]
which may impact on the tolerance of drug therapy. However, in clinical practice this should
be taken into account by the prescribing physician. In contrast, children aged 14 to 17 years
had a slightly higher ratio of ADR reports/assumed drug-exposed inhabitant (Fig 4B) although
their drug exposure was estimated to be lower than for the age group 0-2 years in the first
KiGGS study (50.7% vs. 74.9%) [27]. Differences in drug prescriptions for these two age
groups could account for this finding. The youngest age group may be more often treated with
drugs possessing a lower intrinsic potential to cause ADRs, like supplements (e.g. fluoride)
compared to the age group 14-17 years in which for instance psychotropic drugs are adminis-
tered. In addition, there are also only two recommended and reimbursed presentations to
pediatrics for this age group (between 12-14 and 16-17 years) [40].

Off-label use

Many medicinal products are used off-label in children, i.e. outside their approved indication
or other approval conditions [42]. For Germany, it was found that about 30% of all attributable
medications have been used off-label in pediatrics [43]. One important reason for the extensive
off-label use in children could be a lack of appropriate clinical trials in this population and a
lack of age-appropriate formulations [44, 45]. Therefore, the analysis of spontaneous ADR
reports can be an important tool to gain further knowledge on the safety of drugs used in chil-
dren, especially those used oft-label [15].

Across our complete dataset only 3.5% (722/20,854) of the ADR reports were explicitly des-
ignated with an off-label use. This figure is considerably lower than the proportion identified
in the context of a post-marketing pharmacovigilance program, in which 8% of ADR reports
were identified with an off-label use [46]. In other ADR database analyses, the percentages for
off-label use were much higher than in our analysis, ranging from 17% (EU; database analysis)
[35] to 42% (Sweden; single case analysis) [47]. In a recent systematic review covering world-
wide studies on drug prescriptions from 1994-2013, off-label prescriptions ranging from
12.2% to 70.6% were reported [48].

The figure calculated in our analysis appears rather low in view of a reported prevalence
rate in Germany of self-reported off-label use of 40.2% [43]. Missing explicit designation of an
ADR report as “off-label” may account to some extent for the lower numbers of ADR reports
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referring to off-label use in our analyses. If the reporter did not explicitly indicate the off-label
use in the ADR report, it would not be designated as off-label in accordance with the MedDRA
terminology in the ADR-database, even if it truly represents an off-label use. The reason for
not explicitly indicating the off-label use may vary, including ignorance and fear of legal conse-
quences when reporting an ADR in association with a drug used off-label to the professional
council of the national competent authority.

In addition, the legal definition of an ADR was widened in 2012 [8], since then including
also those ADRs which occurred with the use of the drug outside authorised conditions, i.e.
off-label use. Although ADR reports describing off-label use have been received before 2012
the number of these reports may have increased thereafter. Our analysis was based on ADR
reports received between 01.01.2000-28.02.2019, hence, this legal aspect could also have con-
tributed to some extent to our finding of only 3.5% of reports being explicitly designated as
off-label.

Advantages and disadvantages of analysis using spontaneous reporting
data

Strengths of our analysis include the large number of ADR reports included in the analysis

(n = 20,854 ADR reports) which originated over a long period from 01.01.2000-28.02.2019. In
addition, the ADR reports were set in context with inhabitants and aggregated exposure data
based on two different sources, epidemiological surveys [26, 27] and reimbursed prescriptions
[37]. With regard to the exposure data in terms of reimbursed prescriptions, it is pointed out
that this data refers only to members of the statutory health insurance (about 90% of the Ger-
man population) and does not contain in-patient drug exposure and OTC use [23, 24]. In con-
trast, the ADR reports do not share these restrictions, however, other method inherent
limitations apply to them [36]. One important point among these is underreporting, which
may differ, among others, per age group [36, 49]. Underreporting as well as stimulated/prefer-
ential reporting and their extent may depend on the ADR itself (e.g. known/unknown, clinical
severity), the reported drug (e.g. known for decades vs. recently introduced to the market (so
called Weber effect [50]) or the reporting source (e.g. HCPs vs. non-HCPs). In addition,
media attention or changed legal requirements may impact on the reporting of particular
ADRs or drugs. However, it is impossible to determine the individual contribution of each sin-
gle effect on the number of ADR reports.

Conclusion

The continuous increase in ADR reports since 2000 in conjunction with the high proportion
of serious ADR reports underlines the importance of drug safety in this vulnerable population.
In particular the age group 0-1 years deserves special attention with respect to the high per-
centage of serious ADR reports (93.5%). HCPs and non-HCPs should be encouraged and
trained to report ADRs resulting from off-label use.

Supporting information

S1 File.
(DOCX)

Acknowledgments

The authors would like to thank the ADR database research team of BfArM’s pharmacovigi-
lance division for their excellent support.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247446 March 3, 2021 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247446.s001
https://doi.org/10.1371/journal.pone.0247446

PLOS ONE

Reports of adverse drug reactions in children in Germany

Disclaimer: The information and views set out in this manuscript are those of the authors
and do not necessarily reflect the official opinion of the Federal Institute for Drugs and Medi-
cal Devices.

Author Contributions

Conceptualization: Sarah Leitzen, Diana Dubrall, Bernhardt Sachs.

Data curation: Sarah Leitzen, Diana Dubrall, Maike Schulz, Bernhardt Sachs.
Formal analysis: Sarah Leitzen, Diana Dubrall, Maike Schulz, Bernhardt Sachs.
Funding acquisition: Sarah Leitzen, Diana Dubrall.

Investigation: Sarah Leitzen, Diana Dubrall.

Methodology: Sarah Leitzen, Diana Dubrall, Antje Neubert, Bernhardt Sachs.
Project administration: Sarah Leitzen, Bernhardt Sachs.

Resources: Sarah Leitzen, Diana Dubrall, Bernhardt Sachs.

Software: Sarah Leitzen, Diana Dubrall.

Supervision: Sarah Leitzen, Bernhardt Sachs.

Validation: Sarah Leitzen, Diana Dubrall.

Visualization: Sarah Leitzen.

Writing - original draft: Sarah Leitzen, Diana Dubrall, Bernhardt Sachs.

Writing - review & editing: Sarah Leitzen, Diana Dubrall, Irmgard Toni, Julia Stingl, Maike
Schulz, Matthias Schmid, Antje Neubert, Bernhardt Sachs.

References

1. Del Pozzo-Magana BR, Rieder MJ, Lazo-Langner A. Quality of life in children with adverse drug reac-
tions: a narrative and systematic review. British Journal of Clinical Pharmacology. 2015; 80(4):827-33.
https://doi.org/10.1111/bcp.12423 PMID: 24833305

2. Wimmer S, Neubert A, Rascher W. The Safety of Drug Therapy in Children. Deutsches Arzteblatt Inter-
national. 2015; 112(46):781-7. https://doi.org/10.3238/arztebl.2015.0781 PMID: 26806565

3. Smyth RM, Gargon E, Kirkham J, Cresswell L, Golder S, Smyth R, et al. Adverse drug reactions in chil-
dren-a systematic review. PLOS ONE. 2012; 7(3):1-24. https://doi.org/10.1371/journal.pone.0024061
PMID: 22403604

4. Rashed AN, Wong IC, Cranswick N, Hefele B, Tomlin S, Jackman J, et al. Adverse Drug Reactions in
Children- International Surveillance and Evaluation (ADVISE). Drug Safety. 2012; 35(6):481-94.
https://doi.org/10.2165/11597920-000000000-00000 PMID: 22612852

5. Impicciatore P, Choonara |, Clarkson A, Provasi D, Pandolfini C, Bonati M. Incidence of adverse drug
reactions in paediatric in/out-patients: a systematic review and meta-analysis of prospective studies.
British Journal of Clinical Pharmacology. 2001; 52:77-83. https://doi.org/10.1046/j.0306-5251.2001.
01407.x PMID: 11453893

6. Oehme AK, Rashed AN, Hefele B, Wong IC, Rascher W, Neubert A. Adverse drug reactions in hospital-
ised children in Germany are decreasing: results of a nine year cohort-based comparison. PLOS ONE.
2012; 7(9):1—11. https://doi.org/10.1371/journal.pone.0044349 PMID: 23028526

7. Rottenkolber D, Schmiedl S, Rottenkolber M, Farker K, Salje K, Mueller S, et al. Adverse drug reactions
in Germany: direct costs of internal medicine hospitalisations. Pharmacoepidemiology and Drug Safety.
2011; 20(6):626—34. https://doi.org/10.1002/pds.2118 PMID: 21384463

8. European Medicines Agency. Legal framework: Pharmacovigilance 2012 https://www.ema.europa.eu/
en/human-regulatory/overview/pharmacovigilance/legal-framework-pharmacovigilance.

9. European Medicines Agency. Guideline on good pharmacovigilance practices (GVP)Module VI-Collec-
tion, management and submission of reports of suspected adverse reactions to medicinal products(Rev

PLOS ONE | https://doi.org/10.1371/journal.pone.0247446 March 3, 2021 16/18


https://doi.org/10.1111/bcp.12423
http://www.ncbi.nlm.nih.gov/pubmed/24833305
https://doi.org/10.3238/arztebl.2015.0781
http://www.ncbi.nlm.nih.gov/pubmed/26806565
https://doi.org/10.1371/journal.pone.0024061
http://www.ncbi.nlm.nih.gov/pubmed/22403604
https://doi.org/10.2165/11597920-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22612852
https://doi.org/10.1046/j.0306-5251.2001.01407.x
https://doi.org/10.1046/j.0306-5251.2001.01407.x
http://www.ncbi.nlm.nih.gov/pubmed/11453893
https://doi.org/10.1371/journal.pone.0044349
http://www.ncbi.nlm.nih.gov/pubmed/23028526
https://doi.org/10.1002/pds.2118
http://www.ncbi.nlm.nih.gov/pubmed/21384463
https://www.ema.europa.eu/en/human-regulatory/overview/pharmacovigilance/legal-framework-pharmacovigilance
https://www.ema.europa.eu/en/human-regulatory/overview/pharmacovigilance/legal-framework-pharmacovigilance
https://doi.org/10.1371/journal.pone.0247446

PLOS ONE

Reports of adverse drug reactions in children in Germany

10.

11.

12
13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

2) 2017 https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-
pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf.

European Medicines Agency. EudraVigilance Website 2020 https://www.ema.europa.eu/en/human-
regulatory/research-development/pharmacovigilance/eudravigilance.

European Medicines Agency. European Medicines Agency policy on access to EudraVigilance data for
medicinal products for human use(EudraVigilance Access Policy) 2019 https://www.ema.europa.eu/en/
human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-
data.

Medical Dictionary for Regulatory Activities. MedDRA 2020 https://www.meddra.org/.
Kori-Lindner C. Nebenwirkungen miissen gemeldet werden. Deutsches Arzteblatt. 1997; 94(16):1-3.

Dubrall D, Just KS, Schmid M, Stingl JC, Sachs B. Adverse drug reactions in older adults: a retrospec-
tive comparative analysis of spontaneous reports to the German Federal Institute for Drugs and Medical
Devices. BMC Pharmacology and Toxicology. 2020; 21(1):1-20.

Dubrall D, Schmid M, Alesik E, Paeschke N, Stingl J, Sachs B. Frequent Adverse Drug Reactions, and
Medication Groups under Suspicion. Deutsches Arzteblatt International. 2018; 115(23):393—400.
https://doi.org/10.3238/arztebl.2018.0393 PMID: 29960607

Dubrall D, Schmid M, Stingl JC, Sachs B. Angioedemas associated with renin-angiotensin system
blocking drugs: Comparative analysis of spontaneous adverse drug reaction reports. PLOS ONE.
2020; 15(3):1-29. https://doi.org/10.1371/journal.pone.0230632 PMID: 32214375

Kommas E, Lex D, Huber M, Paeschke N. Verdachtsfalle melden Warum am behdordlichen Nebenwir-
kungsmelde-System kein Weg vorbeifiihrt Deutsche Apotheker Zeitung 2019 https://www.deutsche-
apotheker-zeitung.de/daz-az/2019/daz-37-2019/verdachtsfaelle-melden.

Kassenérztliche Bundesvereinigung. 4.3.5 Altersgruppen 2020 https://www.kbv.de/tools/ebm/html/4.3.
5_162395004446927562274884.html.

European Medicines Agency. Guideline on good pharmacovigilance practices(GVP)Module VI Adden-
dum I-Duplicate management of suspected adverse reaction reports 2017 https://www.ema.europa.
eu/en/human-regulatory/post-authorisation/pharmacovigilance/good-pharmacovigilance-practices.

Guideline on good pharmacovigilance practices (GVP) Product- or Population-Specific Considerations
IV: Paediatric population, (2018).

Koh'Y, Yap CW, Li S-C. Development of a combined system for identification and classification of
adverse drug reactions: Alerts Based on ADR Causality and Severity (ABACUS). Journal of the Ameri-
can Medical Informatics Association. 2010; 17(6):720-2. https://doi.org/10.1136/jamia.2010.006882
PMID: 20962137

Schwabe U, Paffrath E, Ludwig WD, Klauber J. Arzneiverordnungsreport 2019. Heidelberg Kéln Berlin:
Springer Verlag; 2020.

gkv-spitzenverband. Statutory health insurance 2021 https://www.gkv-spitzenverband.de/english/
statutory_health_insurance/statutory_health_insurance.jsp.

visaguide.world. German Healthcare Statistics 2021 https://visaguide.world/international-health-
insurance/germany/healthcare-statistics/.

Statistisches Bundesamt. GENESIS—Die Datenbank des Statistischen Bundesamtes 2020 https://
www-genesis.destatis.de/genesis/online.

Knopf H, Sarganas G, Grams D, Du Y, Poethko-Muller C. Anwendung von Arznei- und Nahrungsergén-
zungsmitteln im Kindes- und Jugendalter in Deutschland Ergebnisse aus KiGGS Welle 2. Bundesge-
sundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2019; 62(10):1215-24. https://doi.org/10.
1007/s00103-019-03008-7 PMID: 31529182

Knopf H. Arzneimittelanwendung bei Kindern und Jugendlichen -Erfassung und erste Ergebnisse beim
Kinder und Jugendgesundheitssurvey (KiGGS). Bundesgesundheitsblatt—Gesundheitsforschung—
Gesundheitsschutz. 2007; 50(5):863-70.

Star K, Noren GN, Nordin K, Edwards IR. Suspected Adverse Drug Reactions Reported For Children
Worldwide. Drug Safety. 2011; 34(5):415-28. https://doi.org/10.2165/11587540-000000000-00000
PMID: 21513364

Ferrajolo C, Capuano A, Trifiro G, Moretti U, Rossi F, Santuccio C. Pediatric drug safety surveillance in
Italian pharmacovigilance network: an overview of adverse drug reactions in the years 2001-2012.
Expert Opinion on Drug Safety. 2014; 13 (Suppl. 1):S9-20. https://doi.org/10.1517/14740338.2014.
939581 PMID: 25171155

Cliff-Eribo KO, Sammons H, Choonara |. Systematic review of paediatric studies of adverse drug reac-
tions from pharmacovigilance databases. Expert Opinion on Drug Safety. 2016; 15(10):1321-8. https:/
doi.org/10.1080/14740338.2016.1221921 PMID: 27501085

PLOS ONE | https://doi.org/10.1371/journal.pone.0247446 March 3, 2021 17/18


https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.meddra.org/
https://doi.org/10.3238/arztebl.2018.0393
http://www.ncbi.nlm.nih.gov/pubmed/29960607
https://doi.org/10.1371/journal.pone.0230632
http://www.ncbi.nlm.nih.gov/pubmed/32214375
https://www.deutsche-apotheker-zeitung.de/daz-az/2019/daz-37-2019/verdachtsfaelle-melden
https://www.deutsche-apotheker-zeitung.de/daz-az/2019/daz-37-2019/verdachtsfaelle-melden
https://www.kbv.de/tools/ebm/html/4.3.5_162395004446927562274884.html
https://www.kbv.de/tools/ebm/html/4.3.5_162395004446927562274884.html
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/pharmacovigilance/good-pharmacovigilance-practices
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/pharmacovigilance/good-pharmacovigilance-practices
https://doi.org/10.1136/jamia.2010.006882
http://www.ncbi.nlm.nih.gov/pubmed/20962137
https://www.gkv-spitzenverband.de/english/statutory_health_insurance/statutory_health_insurance.jsp
https://www.gkv-spitzenverband.de/english/statutory_health_insurance/statutory_health_insurance.jsp
https://visaguide.world/international-health-insurance/germany/healthcare-statistics/
https://visaguide.world/international-health-insurance/germany/healthcare-statistics/
https://www-genesis.destatis.de/genesis/online
https://www-genesis.destatis.de/genesis/online
https://doi.org/10.1007/s00103-019-03008-7
https://doi.org/10.1007/s00103-019-03008-7
http://www.ncbi.nlm.nih.gov/pubmed/31529182
https://doi.org/10.2165/11587540-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21513364
https://doi.org/10.1517/14740338.2014.939581
https://doi.org/10.1517/14740338.2014.939581
http://www.ncbi.nlm.nih.gov/pubmed/25171155
https://doi.org/10.1080/14740338.2016.1221921
https://doi.org/10.1080/14740338.2016.1221921
http://www.ncbi.nlm.nih.gov/pubmed/27501085
https://doi.org/10.1371/journal.pone.0247446

PLOS ONE

Reports of adverse drug reactions in children in Germany

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Johann-Liang R, Wyeth J, Chen M, Cope JU. Pediatric drug surveillance and the Food and Drug Admin-
istration’s adverse event reporting system: an overview of reports, 2003—2007. Pharmacoepidemiology
and Drug Safety. 2009; 18(1):24—7. https://doi.org/10.1002/pds.1679 PMID: 19009550

Aagaard L, Weber CB, Hansen EH. Adverse Drug Reactions in the Paediatric Population in Denmark.
Drug Safety. 2010; 33(4):327-39. https://doi.org/10.2165/11319100-000000000-00000 PMID:
20297864

Aldea A, Garcia Sanchez-Colomer M, Fernandez Quintana E, Garcia Saiz M. Paediatric adverse drug
reactions reported to the Spanish Pharmacovigilance System from 2004 to 2009. European Journal of
Clinical Pharmacology. 2012; 68(9):1329-38. https://doi.org/10.1007/s00228-012-1255-0 PMID:
22415248

Aagaard L, Nielsen LH, Hansen EH. Consumer Reporting of Adverse Drug Reactions. Drug Safety.
2009; 32(11):1067—74. https://doi.org/10.2165/11316680-000000000-00000 PMID: 19810778

Aagaard L, Hansen EH. Adverse drug reactions in children reported by European consumers from
2007 to 2011. International Journal of Clinical Pharmacy. 2014; 36(2):295-302. https://doi.org/10.1007/
$11096-013-9874-9 PMID: 24190692

Hazell L, Shakir SAW. Under-Reporting of Adverse Drug Reactions. Drug Safety. 2006; 29(5):385-96.
https://doi.org/10.2165/00002018-200629050-00003 PMID: 16689555

Wissenschaftliches Institut der AOK (WIdO). Arzneiverordnungs-Report 2000-2019 https://www.wido.
de/publikationen-produkte/buchreihen/arzneiverordnungs-report/.

European Medicines Agency. Paediatric Regulation Regulation (EC) No 1901/2006 Regulation (EC) No
1902/2006 2007 https://www.ema.europa.eu/en/human-regulatory/overview/paediatric-medicines/
paediatric-regulation.

Arzneimittelkommission der deutschen Arzteschaft, Deutsche Gesellschaft fir Kinder- und Jugendme-
dizin. Leitfaden zur Meldung unerwiinschter Arzneimittelwirkungen bei Kindern. Deutsches Arzteblatt.
2007; 104(21):1533—4.

Gemeinsamer Bundesausschuss. Kinder-Richtlinie Richtlinie zur Friiherkennung von Krankheiten bei
Kindern 2015 https://www.g-ba.de/richtlinien/15/.

van den Anker J, Reed MD, Allegaert K, Kearns GL. Developmental Changes in Pharmacokinetics and
Pharmacodynamics. The Journal of Clinical Pharmacology. 2018; 58:510-S25. https://doi.org/10.
1002/jcph.1284 PMID: 30248190

Gore R, Chugh PK, Tripathi CD, Lhamo Y, Gautam S. Pediatric Off-Label and Unlicensed Drug Use
and lts Implications. Current Clinical Pharmacology. 2017; 12(1):18-25. https://doi.org/10.2174/
1574884712666170317161935 PMID: 28322168

Knopf H, Wolf IK, Sarganas G, Zhuang W, Rascher W, Neubert A. Off-label medicine use in children
and adolescents: results of a population-based study in Germany. BMC Public Health. 2013; 13:631—
42. https://doi.org/10.1186/1471-2458-13-631 PMID: 23822744

Bourgeois FT, Murthy S, Pinto C, Olson KL, loannidis JP, Mandl KD. Pediatric versus adult drug trials
for conditions with high pediatric disease burden. Pediatrics. 2012; 130(2):285-92. https://doi.org/10.
1542/peds.2012-0139 PMID: 22826574

Joseph PD, Craig JC, Caldwell PH. Clinical trials in children. British Journal of Clinical Pharmacology.
2013; 79(3):357-69.

Carnovale C, Brusadelli T, Zuccotti G, Beretta S, Sullo MG, Capuano A, et al. The importance of moni-
toring adverse drug reactions in pediatric patients: the results of a national surveillance program in ltaly.
Expert Opinion on Drug Safety. 2014; 13(Suppl. 1):S1-8. https://doi.org/10.1517/14740338.2014.
928692 PMID: 25171154

Ufer M, Kimland E, Bergman U. Adverse drug reactions and off-label prescribing for paediatric outpa-
tients: a one-year survey of spontaneous reports in Sweden. Pharmacoepidemiology and Drug Safety.
2004; 13(3):147-52. https://doi.org/10.1002/pds.858 PMID: 15072113

Magalhaes J, Rodrigues AT, Roque F, Figueiras A, Falcao A, Herdeiro MT. Use of off-label and unli-
cenced drugs in hospitalised paediatric patients: a systematic review. European Journal of Clinical
Pharmacology. 2015; 71(1):1-13. https://doi.org/10.1007/s00228-014-1768-9 PMID: 25318905

Mittmann N, Knowles SR, Gomez M, Fish JS, Cartotto R, Shear NH. Evaluation of the Extent of Under-
Reporting of Serious Adverse Drug Reactions. Drug Safety. 2004; 27(7):477-87. https://doi.org/10.
2165/00002018-200427070-00004 PMID: 15141997

Hoffman KB, Dimbil M, Erdman CB, Tatonetti NP, Overstreet BM. The Weber Effect and the United
States Food and Drug Administration’s Adverse Event Reporting System (FAERS): Analysis of Sixty-
Two Drugs Approved from 2006 to 2010. Drug Safety. 2014; 37:283-94. https://doi.org/10.1007/
$40264-014-0150-2 PMID: 24643967

PLOS ONE | https://doi.org/10.1371/journal.pone.0247446 March 3, 2021 18/18


https://doi.org/10.1002/pds.1679
http://www.ncbi.nlm.nih.gov/pubmed/19009550
https://doi.org/10.2165/11319100-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20297864
https://doi.org/10.1007/s00228-012-1255-0
http://www.ncbi.nlm.nih.gov/pubmed/22415248
https://doi.org/10.2165/11316680-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/19810778
https://doi.org/10.1007/s11096-013-9874-9
https://doi.org/10.1007/s11096-013-9874-9
http://www.ncbi.nlm.nih.gov/pubmed/24190692
https://doi.org/10.2165/00002018-200629050-00003
http://www.ncbi.nlm.nih.gov/pubmed/16689555
https://www.wido.de/publikationen-produkte/buchreihen/arzneiverordnungs-report/
https://www.wido.de/publikationen-produkte/buchreihen/arzneiverordnungs-report/
https://www.ema.europa.eu/en/human-regulatory/overview/paediatric-medicines/paediatric-regulation
https://www.ema.europa.eu/en/human-regulatory/overview/paediatric-medicines/paediatric-regulation
https://www.g-ba.de/richtlinien/15/
https://doi.org/10.1002/jcph.1284
https://doi.org/10.1002/jcph.1284
http://www.ncbi.nlm.nih.gov/pubmed/30248190
https://doi.org/10.2174/1574884712666170317161935
https://doi.org/10.2174/1574884712666170317161935
http://www.ncbi.nlm.nih.gov/pubmed/28322168
https://doi.org/10.1186/1471-2458-13-631
http://www.ncbi.nlm.nih.gov/pubmed/23822744
https://doi.org/10.1542/peds.2012-0139
https://doi.org/10.1542/peds.2012-0139
http://www.ncbi.nlm.nih.gov/pubmed/22826574
https://doi.org/10.1517/14740338.2014.928692
https://doi.org/10.1517/14740338.2014.928692
http://www.ncbi.nlm.nih.gov/pubmed/25171154
https://doi.org/10.1002/pds.858
http://www.ncbi.nlm.nih.gov/pubmed/15072113
https://doi.org/10.1007/s00228-014-1768-9
http://www.ncbi.nlm.nih.gov/pubmed/25318905
https://doi.org/10.2165/00002018-200427070-00004
https://doi.org/10.2165/00002018-200427070-00004
http://www.ncbi.nlm.nih.gov/pubmed/15141997
https://doi.org/10.1007/s40264-014-0150-2
https://doi.org/10.1007/s40264-014-0150-2
http://www.ncbi.nlm.nih.gov/pubmed/24643967
https://doi.org/10.1371/journal.pone.0247446

