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Abstract
Background  The immune system matures throughout childhood; therefore, evidence about the safety and efficacy of vac-
cines for the prevention of COVID-19 in the paediatric population is important. Efficacy and safety have not been established 
for COVID-19 vaccines in a large part of the paediatric population at the time of the initial approval for use in adults. This 
study aims to provide an overview of planned and ongoing paediatric clinical trials investigating the safety and/or efficacy 
of COVID-19.
Methods  We identified all paediatric clinical trials investigating the safety and/or efficacy of COVID-19 vaccines in clini-
caltrials.gov and clinicaltrialregister.eu, as well as all clinical trials planned in agreed PIPs (Paediatric Investigational Plans) 
as of 11 June  2021. Information about the study design, the paediatric age groups that they included, and the primary and 
secondary safety and efficacy outcomes were collected, together with expected timelines for the studies.
Results  21 clinical trials were identified through the clinical trial registries and 19 clinical trials were specified in 6 agreed 
PIPs, 5 of these trials were also in the trial registers. All PIPs stipulated development of the COVID-19 vaccines for the full 
paediatric population, with a deferral. The earliest expected completion date of a PIPs is March 2024. The majority (14/21) 
of registered trials are randomised double-blinded studies. All investigated safety, 20 have a surrogate efficacy outcome 
(immunogenicity), of these 7 also measure clinical efficacy (COVID-19 infections). 18 studies were initiated, of these, all 
but one is still ongoing and one in adolescents has been finalised.
Conclusion  Even though several trials have been planned in agreed PIPs, the registered paediatric clinical trials identified 
are most often not part of a PIP.

Keywords  Paediatric · COVID-19 vaccines · Drug development · Paediatric clinical trials

Introduction

The rapid development and implementation of vaccines 
against COVID-19 are society’s best weapon against the 
social, economic and human devastation brought about 
by the COVID-19 pandemic. Along with the approval of 
COVID-19 vaccines for the adult population, many have 

highlighted the urgency of an ethical and effective strategy 
to implement the COVID-19 vaccines for the paediatric 
population as rapidly and safely as possible [1, 2]. The pae-
diatric population is  defined as the ‘part of the population 
aged between birth and 18 years’ in the European Paediatric 
Regulation (EPR) [3]. However, safety and efficacy in a large 
proportion of the paediatric population have not been estab-
lished for COVID-19 vaccines at the time of initial approval 
for use in adults [4].

In the EU (European Union), four COVID-19 vaccines 
have currently been granted a CMA (Conditional Market-
ing Approval) [5–8]. They are manufactured by Pfizer-
BioNTech, Moderna, AstraZeneca and Janssen. Three of 
these four vaccines were only approved for use in adults 
[5–7]. The Pfizer-BioNTech vaccine was, however, initially 
approved for use in adults and adolescents aged 16 or older 
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[6]. This indication was extended on 28 May 2021 to include 
adolescents aged 12 years and above [9]. The EMA (Euro-
pean Medicines Agency) is currently also evaluating the 
Moderna COVID-19 vaccine for use in adolescents (12 to 
17 years of age) [10].

Since the EPR [3] came into effect in 2007, it has been 
mandatory for Marketing Authorisation Applicants, to sub-
mit the results from studies conducted as part of an agreed 
PIP (Paediatric Investigational Plan) when applying for a 
MA (Marketing Authorisation), unless granted a waiver or 
a deferral. The regulation was set in place to stimulate the 
research of medicines for use in the paediatric population 
and to provide more information about the use of medicines 
in this population. The agreed PIP describes the studies to 
be conducted in all relevant subsets of the paediatric popu-
lation, including the timing of completion. However, the 
agreed PIP trials need not to be conducted as separate stud-
ies [3] and including adolescents in adult phase III clinical 
trials can be feasible when the disease and the response to a 
drug are likely to be similar [11]. Since the immune system 
develops and matures throughout childhood [12], establish-
ing safety and efficacy is especially important if a vaccine is 
to be used in the paediatric population [1, 13, 14].

This study aims to provide insight into the timely drug 
development of COVID-19 vaccines for the paediatric 
population by investigating registered clinical trials on the 
safety and the efficacy of COVID-19 vaccines along with 
the planned clinical trials agreed in a PIP and the expected 
timelines for completion.

Method

All paediatric clinical trials investigating a COVID-19 vac-
cine registered at clinicaltrials.gov or clinicaltrialregister.
eu were identified as of 11 June 2021. A paediatric trial 
was defined as any clinical trial including subjects from any 
of the paediatric subgroups (adolescent, children, toddler 
and infants, and term newborn) as defined by the Interna-
tional Conference on Harmonization (ICH) Topic E 11, 
2001 [15]. Clinicaltrial.gov was searched with the terms 
“COVID-19”, “Corona virus infection”, “SARS-CoV-2” and 
“Severe Acute Respiratory Syndrome” filtering for ‘Child 
(birth-17)’ as eligibility criteria and ‘Interventional (Clini-
cal trial)’ as study type. Clinicaltrialregister.eu was searched 
with the terms “COVID-19”, “Corona virus infection”, 
“SARS-CoV-2” and “Severe Acute Respiratory Syndrome” 
combined with selected age range set to ‘under 18 years’. 
We collected trial design, clinical trial phases, age of par-
ticipants (separated into the paediatric subgroups as defined 
by the International Conference on Harmonization (ICH) 
Topic E 11, 2001 [15]: adolescents 12–18 years, children 
2–11 years, infants and toddlers 28 days to 23 months, and 

term newborn 0–27 days), primary and secondary outcome 
measures (safety, surrogate efficacy outcome (immunogenic-
ity) and/or clinical efficacy outcome (confirmed COVID-
19 infection)), together with longest primary or secondary 
safety follow-up, study start date and completion date.

Then, we identified all agreed PIPs with an active sub-
stance investigated for the prevention of COVID-19 in the 
EU as of 17 June 2021, through the website of the European 
Medicines Agency’s (EMA) [16]. The Paediatric Commit-
tee (PDCO) decision (waiver and/or agreed PIP and defer-
ral hereof), the date of expected completion of the PIP and 
information on planned studies were collected. The EU 
approval status and approval date for each active substance 
targeted by a PIP were retrieved by matching the PDCO 
decision number from the European Public Assessment 
Reports (EPARs) of an approved COVID-19 vaccine at the 
time of the MA with those of the PIP. The EPARs were also 
retrieved from the EMA website.

For clinical trials registered in the clinicaltrialregister.eu, 
we recorded if the sponsor reported the trial to be part of a 
PIP (section A.7. in the EudraCT form). For clinical trials 
registered in the Clinicaltrial.gov, we evaluated if a current 
trial was likely to be part of a PIP by matching the trial IDs 
provided, trial design, outcome measures and the age groups 
involved.

Results

A total of 21 clinical trials testing the safety and efficacy 
of a COVID-19 vaccine in the paediatric population were 
identified in clinicaltrial.gov and/or clinicaltrialregister.eu 
(Fig. 1). Of these, 10 clinical trials investigated a vaccine 
approved in the EU (see Fig. 2). No AstraZeneca-spon-
sored studies in the paediatric population was identified. 
In July 2021, the first trial is expected to be completed for 
adolescents. This is a Phase III study by Pfizer-BioNTech 
evaluating the safety and immunogenicity of Comirnaty 
(BNT162b2) against COVID-19 in healthy participants, 
which includes adolescents, comparing manufacturing 
lots, as well as a booster vaccine. Sionvac Biotech are the 
first expecting to finalise clinical trials including children; 
a Phase 1/2 in September 2021 and a Phase 2 in January 
2022. The first trial including infants and toddlers is a 
Phase II/III investigating the safety of Moderna COVID-19 
vaccine which will be completed in June 2023 (see Fig. 2). 
For term newborn, one clinical trial was registered to 
investigate the safety and efficacy of a COVID-19 vaccine 
(Janssen COVID‑19 vaccine). This trial is expected to be 
completed in October 2024. Most (15/21) registered clini-
cal trials were randomised control trials, all but one was 
registered as double blinded (14/21). All but one of the 
registered studies will be investigating safety and efficacy, 
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where efficacy is measured by the surrogate endpoint of 
immunogenicity (see Table 1). In addition, seven of the 
studies will investigate clinical efficacy as the incidence 
of COVID-19 infection after vaccination, two where the 

COVID-19 infections are self-reported by study partici-
pants (data not shown).

In the EU, six PIPs for a COVID-19 vaccine had been 
agreed, all covering a development for the entire paediatric 

Fig. 1   Flowchart of the study population selection

Fig. 2   Overview of the start and completion dates for all registered 
paediatric clinical trials in clinicaltrial.gov and/or clinicaltrialregis-
ter.eu (N = 21) Grey bars represent study timeline, the study is rep-
resented by the shaded bar in the top has not reported expected study 

start or end, the bar starts on the date of first reported in EudraCT. 
EU vaccination dates, Comirnaty 21/12 2020, COVID-19 vaccine 
Moderna 06/01 2021, Vaxzevira 29/01 2021 and COVID-19 vaccine 
Janssen 11/03 2021
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population. Four of these PIPs are related to currently EU-
approved vaccines (see Table 1). One of the six PIPs was 
related to the paediatric development of a vaccine cur-
rently under rolling review by EMA (SARS-CoV-2 rS from 
Novavax, Inc.), and one was related to a vaccine (CoV-2 
preS dTM from Sanofi Pasteur) currently not under evalu-
ation by EMA. All the PIPs have been deferred until after 
approval in the adult population, with completion dates 
between March 2024 and March 2025 (see Table 2).

In total, 19 clinical studies were planned for the paediatric 
population as part of an agreed PIP. Each PIP contained 2–4 
planned clinical trials and had at least one trial in immu-
nosuppressed paediatric patients. Five trials were already 
registered in clinicaltrial.gov and/or clinicaltrialregister.eu 
(Table 1). Fifteen of the PIP-agreed clinical trials included 
adolescents, 14 trials included children, and toddlers and 
infants, and 13 trials included term newborn (see Table 2). 
Safety and efficacy (specified as immunogenicity) are to 
be investigated in all PIP-agreed clinical studies, two are 

also to measure clinical efficacy as incidence of COVID-
19 infection after vaccination (see Table 2). PIPs did not 
stipulate the need for quality-related studies, non-clinical 
studies, extrapolation modelling and simulation studies or 
other studies and measures.

Discussion

Our study shows that clinical trials to investigate the safety 
and efficacy of all currently EU-approved COVID-19 vac-
cines had been registered in one of the clinical trial data-
bases or planned in agreed PIP for the entire paediatric 
population (term newborn to adolescents). However, most 
often the registered trials included adolescents and children. 
A discrepancy was observed between planned clinical trials 
in agreed PIPs and registered clinical trials for infants and 
toddlers, and term newborn. Only one study was registered 
for term newborn even though thirteen were planned in the 

Table 1   Characteristics of registered clinical trials investigating safety and/or efficacy of COVID-19 vaccines in the paediatric population as of 
11 June 2021

a Defined as phase I, Phase I/II or Phase II clinical trials
b Defined as phase II/III or phase III clinical trials
c In the US, 12–17 years
d 10 trials on vaccines approve in EU,
e Five trials part of an agreed PIP,
f Two study compared multiple lots
g Clinical outcome measure was always in combination with surrogate outcome measure of immunogenicity
h Two studies in immunosuppressed
i The studies can include several paediatric subsets as well as adults

No. (%) Comparator Primary or secondary end point
Months (IQR)
Median safety 

follow-upRandomised Open label Double blind Active Placebo Safety
Surrogate 
outcome

Clinical 
outcomeg

All (N = 21)d,e 15f (71) 7 (33)h 14 (67) 1 (5) 12 (57) 21 (100) 20 (95) 7 (33) 12 (6–12)
Paediatric development stage
 Exploratorya 

(N = 10)
7 3 7 1 7 10 9 2 12 (6–21)

 Confirmatoryb 
(N = 11)

8e 4 7 0 5 11 11 5 12 (6–12)

Agei

 Adolescents (12–18 
yearsc) (N = 19)

14 6 13 1 11 19 18 5 10.5 (6–12)

 Children 
(2–11 years) 
(N = 12)

8 5 7 0 6 12 11 2 12 (6–12)

 Toddlers and infants 
(28 days–2 years) 
(N = 3)

2 1 2 0 2 3 3 2 12 (12—18)

 Term newborn 
(0–27 days) 
(N = 1)

1 0 1 0 1 1 1 0 12 (-)
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agreed PIPs for COVID-19 vaccines. Similarly, there was a 
discrepancy observed between planned clinical trials with 
immunosuppressed paediatric patients in agreed PIPs and 
registered paediatric studies in this population. This may 
indicate that such trials although agreed with the authorities 
have not yet been fully planned and initiated.

In general, only a few of the trials registered were con-
ducted as part of an agreed PIP, which indicated that the 
development is not driven by the EPR. However, if an agreed 
PIP contains requirements that has already been studied, this 
should not lead to duplication of research. The initial agreed 
PIPs have shown to be dynamic with many modifications 
introduced based on feasibility and changed in the devel-
opment [17]. Also, even though studies in the PIPs only 
concern the paediatric population, this does not necessar-
ily call for separate paediatric trials. Indeed, a majority of 
the identified COVID-19 vaccine trials including the pae-
diatric population or subsets of the paediatric population 
were not separate paediatric trials, but also include the adult 
population.

Also, the paediatric COVID-19 vaccine development 
has progressed very fast with only five months delay from 
approval in individuals above 16 years of age to the exten-
sion of the indication to cover individuals 12 years of age 
and older as well [18]. For innovative therapeutics, the 
median time between regulatory approval in adults and the 
approval in the paediatric population is 5.6 years [19]. This 
could indicate that market forces are driving the COVID-
19 vaccine development for adolescent and children, not 
the agreed PIPs. Four of the six PIP applications initially 
contained a waiver for conducting studies in subsets of the 
paediatric population. These were, however, later withdrawn 
assumingly because of PDCO’s evaluation. If this is in fact 
the case, the agreed PIPs could play a role in stimulating 
the development of the COVID-19 vaccines for the younger 
paediatric populations.

Chronological age will in many cases be an inappropriate 
proxy for physiological development and disease presenta-
tion relevant to medicines development in the paediatric 
population [20, 21]. The same most likely holds for vac-
cine development where maturation of the immune system 
[11] does not necessarily correlate with the paediatric sub-
set as defined by regulatory authorities. In our study, we 
observe PIP-agreed studies for adolescents, however this 
population was in many cases included in the pivotal trials 
with adults. However, if sponsors do not generate the evi-
dence needed for safe and effective use of their product in 
all relevant populations, the burden of medical uncertainty 
is laid upon the groups not represented in the drug devel-
opment program [22]. The relevance of this with respect 
to COVID-19 vaccines is clearly exemplified by the recent 
observation that suggest a disproportionate higher frequency 

of post-vaccination myocarditis in adolescents and young 
adults than in the average adult population [23].

Four vaccines are currently (June 11, 2021) under rolling 
review by EMA (CVnCoV, NVX-CoV2373, Sputnik V, Vero 
Cell) [24]. Only one of these has an agreed PIP listed on the 
EMA website (NVX-CoV2373), even though COVID-19 
Vaccine (Vero Cell) was registered to be investigating the 
safety and immunogenicity of adolescents and children in 
two confirmatory clinical trials.

As mentioned, the Pfizer-BioNTech Covid-19 vaccine 
was approved for adolescents 12 to 17 years of age on 28 
May 2021. The study providing the basis for the paediatric 
indication was carried out in accordance with the PIP for 
the Pfizer-BioNTech COVID-19 vaccine and enrolled 2260 
adolescents aged 12–15 [9]. However, this study has not 
yet reached the completed date according to information 
registered by the sponsor in both clinicaltrial.gov and clini-
caltrialregister.eu, and the approval must have been granted 
based on data from an interim analysis. For the EU-approved 
COVID-19 vaccines, clinical studies in children, infants and 
toddlers have only just been initiated and are not expected 
to be completed until mid-2023. The Janssen study to be 
completed at the end of 2024 will also include term new-
born. Some reports have been made that Pfizer-BioNTech 
and Moderna will apply for EUA for children (2–11 years 
of age) in fall 2021 [25].

We found that for both registered studies and planned 
studies agreed as part of the PIP, efficacy is mostly meas-
ured as immunogenicity. Only a few measured incidences 
of COVID-19 infection after vaccination. A similar pattern 
was observed by Kesselheim, et.al. 2020 showing that for 
vaccines approved by the FDA between 2006 and 2020, 65% 
of the pivotal studies supporting the approval have immuno-
genicity as primary end point. In the paediatric population, 
this was even higher (80%) [26]. Immunogenicity is a sur-
rogate measurement allowing for a quicker assessment of 
efficacy. This is in particular useful when efficacy on clinical 
endpoints has been established in another population (e.g. 
adults) and allows for a faster development.

All registered clinical trials had a primary or secondary 
safety outcome, most often in a randomised control trial, 
with a median safety follow-up of 12 months after last 
dose. Kesselheim et al. found that pivotal studies support-
ing the approval of a vaccine by the FDA between 2006 
and 2020, had a median follow-up of 18 months, and for 
the studies in the paediatric population, the duration was at 
least 12 months [26]. The vaccines currently approved in 
the EU for prevention of COVID-19 were granted a CMA 
(conditional marketing authorisation) which can be granted 
when the benefit-risk balance is positive, but the level of 
evidence-uncertainty is higher than what is required for a 
regular approval. The CMA was based on interim analysis 
of data from phase II/III studies with a medium follow-up 
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of only around two months after last dose [4–7]. The recent 
approval of the Pfizer-BioNTech vaccine for use in adoles-
cents 12 to 15 years of age was based on similar uncertainty 
around long-term safety [27]. The CMA can be used in cases 
where the medical product fulfils the unmet medical needs 
of patients with seriously debilitating or life-threatening 
diseases, or as in the case of COVID-19, in an emergency 
situation in response to a public health threat [28].

For the paediatric population, COVID-19 does not seem 
to be a seriously debilitating or life-threatening disease. 
Studies have suggested that paediatric individuals are at a 
lower risk of developing COVID-19 and that they have the 
disease more mildly than adults do [29–34]. The paediatric 
population may play a part in transmission and in achieving 
herd immunity [1, 2, 35], although studies suggest that the 
paediatric population only plays a minor role in community 
transmission [33, 34]. Since the vaccines are to be used by 
healthy individuals, safety is of utmost importance, leav-
ing little room for trade-off on the benefit–risk balance. The 
benefit–risk balance may be even narrower when developing 
a vaccine for the paediatric population. Discussions about 
the use of COVID-19 vaccines approved through the CMA 
pathway are warranted for children (younger than 12 years of 
age), as is the evidence needed for a standard approval. Simi-
lar discussions have been opened in the US with respect to 
the use of EUA (Emergency Use Approval) versus standard 
approval at an Advisory Committee meeting in June 2021 
[36].

The overview of clinical trials for vaccines for the pre-
vention of COVID-19 in the paediatric population pro-
vided here only represents a snapshot in time. The devel-
opment is moving at unprecedented speed, as is obvious 
from the recent expansion in the approved indication of 
the Pfizer-BioNTech vaccine to adolescents 12–15 years of 
age in May 2021 [18, 37, 38], as well as Moderna’s appli-
cation to extend the indication of its COVID-19 vaccine 
for use in adolescents [9]. Also, this overview is limited 
to information available in the public domain, specifically 
studies reported in Clinialtrial.gov, the EU clinicaltrial-
register.eu and in the publicly available PIPs. The latter 
only provides a few details on the planned studies agreed 
as part of a PIP, and a timeline for the completion of the 
full paediatric development programme. What is more, the 
division of the paediatric population into developmental 
subgroups is to some extent arbitrary [15]. The categori-
cal determinant does not take physiological development 
into considerations but follows chronological age alone. 
Post-puberty adolescents’ immune systems may be fully 
matured, which appears to have been considered by some 
vaccine developers, as, e.g. the initial Comirnaty vaccine 

authorisation included adolescents 16 year of age or older. 
Finally, many registered clinical trials were started as 
phase I for which the protocol was amended into phase II 
and later phase III (quasi-adaptive). Finally, when inter-
preting the study timelines, it is important to remember 
that some phase II/III studies start with the adult popula-
tion and only include the paediatric population at a later 
stage.

Conclusion

This study shows that clinical trials to investigate the 
safety and efficacy of all currently approved COVID-19 
vaccines had been registered in one of the clinical trials 
databases or planned in an agreed PIP for most of the pae-
diatric population (neonates to adolescents); however, this 
development does not seem to be driven by the agreed 
PIPs.
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