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Abstract

Pain has a multifaceted impact on individuals worldwide, affecting their physical functioning, emotional well-being, and
quality of life. Children (age < 18 years) have a high prevalence of conditions associated with pain, such as toothache,
headache, earache, sore throat, and respiratory tract infections, many of which may be accompanied by fever. Globally, the
pharmacologic treatment of pain in pediatric patients is limited largely to nonopioid analgesics, and dosing must account
for differences in age, weight, metabolism, and risk of adverse effects. This narrative review summarizes the findings of a
literature search on the pediatric indications, dosing approaches, dosing guidelines, and pharmacokinetics of paracetamol
and ibuprofen, which are common pain medications available globally for self-care use in children. The review also discusses
the risks and benefits associated with these agents. The current roles of paracetamol and ibuprofen in the symptomatic
management of coronavirus disease 2019 (COVID-19) infection and in the management of post-COVID-19 immunization
symptoms in children are also discussed. Therefore, while a very large amount of data over several decades is available for
paracetamol and ibuprofen, an urgent need exists for well-designed studies of these medications for the management of pain

and fever in pediatric patients with COVID-19 to ensure optimal relief with minimal toxicity.

1 Introduction

Over 90% of individuals worldwide suffer from pain each
year. The global burden of pain was demonstrated in a com-
bined analysis of three international online surveys (editions
1, 2, and 3 of the Global Pain Index [GPI] study) carried
out to quantify the perceived immediate impact of pain on
individuals’ lives [1]. Responses of ~ 29,000 individuals
from 14 countries who were > 18 years of age and had ever
experienced musculoskeletal pain were analyzed [1]. Results
indicated that for roughly half of the survey population, the
burden of pain involves pain frequency of at least once
weekly, pain duration of at least several hours, decreased
ability to be happy, reduced quality of life, and impaired
ability to enjoy life.

Pain is common among infants, children, and adolescents.
Types of pain frequently experienced in pediatric popula-
tions are listed in Table 1 [2]. The fourth edition of the GPI
study (GPI-4), which was carried out in 19 countries in 2020
to explore self-care of pain (includes parent-to-child treat-
ment), included information on self-care of pain indications
in children up to 18 years of age based on responses given
by their parents. Results demonstrated that pain conditions

Extended author information available on the last page of the article

with a prevalence of > 50% in children ages < 18 years
(as reported by 7917 parents) are toothache (53%), earache
(54%), headache (54%), fever and pain associated with vac-
cination/immunization (59%), stomachache (64%), respira-
tory tract infections (71%), and sore throat (72%) (GPI-4
unpublished data). Findings also demonstrated the burden
of managing a child’s pain on parents, with 73% reporting
that their children are miserable or not their usual selves
when they are in pain and prompting 40% to report feeling
panicked and helpless [3].

Common pain medications available globally for use in
children are paracetamol (acetaminophen) and nonsteroi-
dal anti-inflammatory drugs (NSAIDs); in many low- and
middle-income countries, limited access to medications
leaves these as the only medications available. Because of
safety, addiction, and diversion concerns, opioids are not
typically used to treat mild to moderate pain in the pediatric
population. Metamizole (dipyrone), a cyclooxygenase-1 and
cyclooxygenase-2 (COX-1 and COX-2) inhibitor, is used in
some countries for the treatment of pediatric pain conditions,
despite the high risk for serious adverse effects, particularly
agranulocytosis [4, 5]. Because of this risk, use of metami-
zole is banned in the United States and most Western Euro-
pean countries. A review of the literature concluded that no
evidence existed to support the superiority of metamizole
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Key Points

Common childhood conditions such as teething, head-
ache, ear infections, sore throat, and respiratory infec-
tions are often associated with pain and fever.

The pharmacologic treatment of mild pain and fever in
pediatric patients in self-care is limited to analgesics like
paracetamol and ibuprofen in children > 3 months of age
who can take oral medication or only paracetamol for
children between 1 and 3 months of age.

Age, weight, and drug distribution should be considered
when determining the correct dose required to achieve a
target concentration associated with analgesia or antipy-
resis.

over paracetamol or ibuprofen for pediatric analgesia and
that such use should not be recommended or encouraged [4].

Paracetamol acts to relieve pain and fever. Its analgesic
effect is not completely understood but is believed to be a
direct action of the metabolite N-acylphenolamine on the
brain and dorsal horn of the spinal cord [6]. Its antipyretic
effect is thought to involve central nervous system inhibi-
tion of a COX-1 protein variant and potential inhibition of
COX-2, as well as peripheral nervous system inhibition of
transient receptor potential subfamily ankyrin 1 channels
on sensory neurons by the liver metabolites N-acetyl-p-ben-
zoquinoneimine and p-benzoquinone [7]. The central and
peripheral nervous systems are also targets for the analgesic
effects of paracetamol [7].

NSAIDs (e.g., ibuprofen) act to relieve pain, fever, and
inflammation in children over 3 months of age [8]. Their
effects result from inhibition of prostaglandin production
from arachidonic acid via inhibition of COX-1 and COX-2
[9]. COX-1 and COX-2 are also called prostaglandin syn-
thase and they have binding sites for COX and peroxidase.
COX-1 is responsible for regulating normal cell processes
and is expressed in most tissues. In contrast, COX-2 is
constitutively active in the brain, kidney, and bone but is

normally not measurable in most other tissues [9]. Although
both COX-1 and COX-2 lead to the production of prosta-
glandins, it is induction of COX-2 that leads to production of
prostaglandins associated with inflammation. Nonselective
NSAIDs inhibit both COX-1 and COX-2, while selective
NSAIDs, also called COX-2 inhibitors, preferentially inhibit
COX-2. However, data on the effects of COX-1/2 inhibition
on inflammation are inconclusive [9].

The objectives of this narrative review are to summa-
rize the findings of a literature search on common pediat-
ric indications, dosing approaches, dosing guidelines, and
pharmacokinetics of paracetamol and ibuprofen, common
pain medications available for self-care use in children, and
to discuss the associated risks and benefits. Their current
roles in the symptomatic management of coronavirus dis-
ease 2019 (COVID-19) infection and in the management
of post-COVID-19 immunization symptoms in children are
also discussed.

2 Literature Analysis

The search identified 72 relevant studies and reviews and
20 sets of guidelines. Additional articles (ten studies, three
reviews) and guidelines (13 articles) were included at the
discretion of the authors. Among the studies and reviews,
31 included common indications of paracetamol and 25
included common indications of ibuprofen. A summary
of the key clinical studies and meta-analyses of paraceta-
mol and ibuprofen use in pediatric patients is presented in
Table 2.

A literature search was conducted to retrieve published
articles and guidelines on the common indications and dos-
ing approaches of paracetamol and ibuprofen in pediatric
patients. Additional articles and guidelines were included
at the discretion of the authors.

The ProQuest (Derwent Drug File, Embase, MEDLINE,
ToxFile) database was searched for English-language arti-
cles published through September 2022 (strategy outlined
in Supplementary Table 1, see the electronic supplementary
material). Inclusion criteria were the following: clinical stud-
ies, systematic reviews, and review articles (meta-analyses)

Table 1 Types of pain frequently experienced in pediatric populations [2, 102]

Symptom Estimated incidence Population Risk factors
Headache 54.4% Children and adolescents Female sex and age
Abdominal pain 49.8% Adolescents Female sex
Musculoskeletal pain 30% Children 10-12 years of age Female sex and age
Growing pains 2.6-49.4% Children Age

Dental pain 25% in children 5 years of age

48-88% in children 8-10 years of

age

Children 5-10 years of age Dental caries
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be 55% and 30% of the total urinary excretion, respectively
[12, 13]. However, some aspects of the pharmacokinetics
of paracetamol vary by age owing to maturation processes
and developmental growth [14—17]. For example, absorp-
tion is slower (longer time to C,,,) and clearance increases
exponentially over the first 12 months of life (4.9 L/h/70 kg
at birth to 12.4 L/h/70 kg by 12 months) [15]. The clearance
in infants is reported to be 80% that of a 2-year-old child
by 6 months of age [15]. In a population pharmacokinetic
analysis of paracetamol in premature neonates and infants,
the volume of distribution decreased exponentially from
109.7 L/70 kg at 28 weeks to 72.9 L/70 kg by 60 weeks
after conception, with a maturation half-life of 11.5 weeks
[16]. Clearance increased from 0.74 L/h/70 kg at 28 weeks
to 10.8 L/h/70 kg at 60 weeks, with a maturation half-life
of 11.3 weeks [16]. In addition, ¢, is longer for neonates
than for older children. The #,, of paracetamol is 2.5-4 h in
neonates, 11 h for 28- to 32-week-old neonates (for rectally
administered paracetamol), and 4-5 h in 32- to 36-week-old
neonates [14]. A relationship between glucuronide clear-
ance and age has been suggested in neonates and children,
wherein glucuronide clearance has been shown to increase
with age [14]. This is expected, as the sulfation pathways
mature at birth, while the glucuronidation pathways mature
around 2 years of age [14]. In addition to the two phase II
metabolic pathways, a small proportion (~ 2%) of unchanged
paracetamol is eliminated in the urine [18]. The remainder
(~ 10%) undergoes phase I oxidation by hepatic cytochrome
P450 2E1 (CYP2EL1) (and to a lesser extent with CYP1A2
and CYP3A4), which leads to the formation of a highly reac-
tive toxic metabolite, N-acetyl-para-benzo-quinone imine
(NAPQI) [18]. Evidence suggests that the hepatotoxicity
associated with paracetamol overdose may occur through
the formation of the toxic NAPQI metabolite, which has
been detected in excessive levels in those exposed to very
high doses of paracetamol [18]. The excessive formation
of NAPQI leads to glutathione depletion, oxidative stress,
and mitochondrial dysfunction, ultimately resulting in the
cessation of adenosine triphosphate (ATP) synthesis [18].
However, large-scale studies are required to correlate these
findings and to understand the link between the toxic and
analgesic effects of paracetamol with specific genotypes in
order to improve the benefit-risk ratio of paracetamol with
adapted pharmacogenetic screening [19].

In addition to age, body weight is another factor account-
ing for variation in the pharmacokinetics of drugs that
undergo hepatic metabolism, such as paracetamol [20, 21].
When comparing standard weight-based dosing regimens of
paracetamol, clearance increases from birth through child-
hood. Two studies showed that the dosing for obese or over-
weight children required significantly higher paracetamol
dosages; however, the dosages received were either lower or
even higher than the recommended dosage (10—15 mg/day),
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without necessary dose alteration, compared with children
of healthy weight [22, 23]. A multicenter prospective obser-
vational cohort study in the United Kingdom found that the
median (interquartile range) dose of oral paracetamol (mg/
kg) was significantly lower (P < 0.001) for obese versus
non-obese children 2—16 years of age, despite obese children
requiring significantly greater analgesia more frequently in
the post-anesthetic care unit than children of healthy weight
(P = 0.04) [22]. In contrast, another prospective UK study
showed that obese or overweight children received par-
acetamol at greater than formulary dosing standards com-
pared with healthy children, without adequate adjustment
according to ideal body weight or lean body mass, which
may result in drug toxicity [23]. As concluded from recently
published literature analysis findings, data supporting rec-
ommendations for paracetamol dosing strategies for pain and
fever in obese and overweight children are limited, placing
such children at increased risk for adverse outcomes or sub-
optimal efficacy [24]. Overall, the available information on
the pharmacokinetics of paracetamol in children suggests
that weight-based dosing should provide acceptable efficacy
and safety.

3.2 lbuprofen

Ibuprofen is rapidly absorbed from the stomach, with a C,,,,
of 35.8 mg/L, t,,,,, of 0.74 h, and #,, of 6 h in children. Its
antipyretic effect generally lasts approximately 6 h [25], and
time to onset of the antipyretic effect is shortest for the liquid
formulation compared with tablets [26]. The influence of age
and weight on the pharmacokinetics of ibuprofen has not
been thoroughly studied; however, the results of maturation
modeling investigations demonstrated that the clearance of
ibuprofen in term infants was 90% of adult levels by 1 month
of age and 98% of adult levels by 3 months of age, with a
maturation half-life of 36.8 weeks [27].

In younger infants at risk for dehydration, the use of ibu-
profen has been associated with acute kidney injury [26,
28]. Overdose in children is rare [26]. Consequently, the
limited information on the pharmacokinetics of ibuprofen in
children suggests that it is effective and safe in most clinical
situations, with specific exceptions identified.

4 Dosing Approaches
4.1 Paracetamol

Multiple formulations of paracetamol are available for use
in children (e.g., liquids, solutions, syrups, suspensions, tab-
lets, suppositories, and intravenous formulations) [29-37].
However, as this review describes the use of paraceta-
mol for self-care, intravenous formulations have not been
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discussed. Formulations are typically selected according
to each patient’s specific situation to provide the optimum
delivery of medication. Most studies [23, 29, 30, 32, 36,
38-55] and guidelines [26, 56—59] support administration of
oral paracetamol at a dose of 15 mg/kg in pediatric patients.
A Polish guideline on fever management in children noted,
“The dosage range was confirmed by a systematic review of
clinical studies, which showed that, compared to 10 mg/kg, a
dose of 15 mg/kg seems to maintain a lower temperature for
a longer time and is more effective in reducing the average
temperature compared to baseline values (1.6°C vs. 1.2°C)”
[26, 60]. A Japanese guideline for the management of acute
otitis media also recommended a range of 10—15 mg/kg oral
paracetamol [58].

The 2013 WHO Pocket Book of Hospital Care for Chil-
dren recommends use of weight-based dosing of paraceta-
mol, citing an optimal dose of 10-15 mg/kg for mild pain
and fever in infants and children > 2 months of age [8]. The
maximum daily dosage is 60 mg/kg/day, with administra-
tion every 4 h [26]. Nearly all clinical studies [23, 29, 30,
32, 36-55, 61-70] and guidelines [26, 56-59] captured in
the literature search clearly followed weight-based dosing
for paracetamol.

4.2 Ibuprofen

Formulations of ibuprofen used in children include tablets,
syrups, suspensions, and intravenous formulations [30, 33,
34, 40]. However, as this review describes the use of ibu-
profen for self-care, intravenous formulations have not been
discussed. Clinical studies [30, 40, 4547, 49, 50, 53, 54,
63-66, 71-73] and guidelines [56, 57, 59] support weight-
based administration for oral ibuprofen in children at a dose
of 5-10 mg/kg, with the Polish guideline on fever manage-
ment recommending a range of 5-10 mg/kg and a maximum
daily dosage of 30 mg/kg/day (in children up to 35 kg) or
400 mg every 6 h (in children > 40 kg) [26]. The 2013 WHO
Pocket Book of Hospital Care for Children recommends use
of weight-based dosing of ibuprofen, citing an optimal dose
of 5-10 mg/kg for mild pain and 10 mg/kg for fever [8].

Overall, the results of the literature search support
weight-based dosing for both paracetamol and ibuprofen in
children. A summary of the dosing guidelines retrieved is
shown in Table 3.

5 Indications
5.1 Paracetamol
Paracetamol is the first-line treatment for pain and fever in

pediatric patients worldwide and the only recommended
analgesic for infants between 1 and 3 months of age [8].

Numerous studies were identified that investigated the use
of paracetamol in children for a variety of indications, as
described below.

The antipyretic effects of paracetamol have been well
established in randomized clinical trials [29, 30, 41-43,
49-53, 62, 63, 65, 66, 74, 75]. Treatment with paracetamol
reduced dental or tooth extraction pain; > 75% of patients
did not require a second dose of analgesic after the first dose
of paracetamol at 15 mg/kg [38]. The reported effects of
prophylactic administration on post-extraction pain have not
been consistent [33, 34, 39, 44, 68, 76]. Findings of repre-
sentative clinical trials are summarized in Table 2.

A network meta-analysis of randomized controlled tri-
als demonstrated that paracetamol is an effective treatment
for migraine in pediatric patients [77]. Guidelines from the
American Academy of Neurology (AAN) and the French
Society for the Study of Migraine Headache mention par-
acetamol for the treatment of migraine in children [78, 79].
A blinded, randomized, controlled head-to-head study of
paracetamol and ibuprofen in children with migraine found
that both drugs achieved similar rates of pain freedom and
pain relief, with no differences in tolerability [40].

One randomized, double-blind, placebo-controlled study
assessed the effect of a single dose of paracetamol syrup in
children 6-12 years of age with pharyngotonsillitis (sore
throat) [37]. Patients were randomized 1:1:1 to receive par-
acetamol syrup 12 mg/kg, open-label ketoprofen lysine salt
40 mg, or double-blind placebo. Greater improvements in
sore throat pain over time were observed with paracetamol
versus placebo, and improvements with paracetamol were
similar to those with ketoprofen lysine salt [37]. Addition-
ally, results from three randomized clinical trials demon-
strated the efficacy and tolerability of paracetamol for treat-
ing preoperative and/or postoperative tonsillectomy pain
[45-47].

Administration of paracetamol as prophylaxis or treat-
ment for vaccine complications has been investigated in sev-
eral studies [36, 48, 54, 55, 69, 70, 80-84]. Administration
of paracetamol following routine vaccinations in children
6 weeks to 9 months of age reduced the incidence of post-
vaccination fever compared with placebo [85]. Paracetamol
prophylaxis is not recommended for vaccine complications.

Effects of analgesic treatment have been investigated to
confirm a lack of interference with vaccine immunogenicity.
A study of children 647 months of age who received par-
acetamol to ameliorate fever after administration of an inac-
tivated influenza vaccine showed no evidence of a blunted
immune response [81]. Furthermore, a post hoc analysis of
arandomized, multicenter study in infants 6-8 weeks of age
showed that paracetamol did not affect the immune response
to a diphtheria, tetanus, pertussis, hepatitis B, and Haemo-
philus influenzae type B combination vaccine, regardless of
paracetamol administration timing [86].
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Table 3 Summary of dosing guidelines for paracetamol and ibuprofen in pediatric patients [26, 56—58]

Guidelines

Reference Country/ Indication
region

Doria et al. Italy Treatment of fever and acute

(2021) [56] mild/moderate pain in
children

Green et al. Sub-Saharan Management of acute
(2021) [57] Africa fever in children

Doniec et al. Poland Fever in children

(2021) [26]

Hayashi et al. Japan Management of acute
(2020) [58] otitis media in children

Consensus statements

Recommendations for the use of paracetamol and ibuprofen in primary care
and emergency settings should overlap

The guidelines suggest that the efficacies of paracetamol and ibuprofen are
comparable (in terms of efficacy, a 15-mg/kg dose of paracetamol overlaps a
10-mg/kg dose of ibuprofen)

Paracetamol showcases a good safety profile when used at the recommended
dosage of 15 mg/kg 4 times/day maximum (not to overstep the daily dose of
60 mg/kg; the route of administration and the age of the child are important
(e.g., in neonates and infants, the dosage should be adjusted to 12.5 mg/kg
every 6 h if given by the IV route)

The use of paracetamol is more appropriate in specific conditions: Children
at risk of dehydration or dehydrated children and children with varicella,
pneumonia, Kawasaki disease, and coagulation disorders (dehydration is a
frequent condition in infants with fever)

Dosage of antipyretic medication for infants and children > 3 months of age

Paracetamol: 15 mg/kg body weight (up to 1 g) every 6 h as necessary (maxi-
mum daily dose, 90 mg/kg or 4 g in total)

Ibuprofen: 10 mg/kg body weight every 6 h as necessary (maximum daily
dose, 40 mg/kg)

Both paracetamol and ibuprofen are safe and effective for short-term use in
children and are the drugs of choice to manage fever

The practices of combining or alternating paracetamol and ibuprofen have
limited value and are not recommended

Both paracetamol and ibuprofen have been associated with increased risk
of bronchospasm in a very small percentage of predisposed children with
asthma. Care should be taken when using antipyretic medication for these
children

The use of NSAIDs has been associated with an elevated risk of severe skin
and soft tissue infections in patients with varicella zoster virus infection.
Therefore, paracetamol is recommended as the antipyretic of choice in chil-
dren with chicken pox

Paracetamol and ibuprofen are antipyretics recommended for use in children
Ibuprofen and paracetamol should be administered at stable intervals and not
on an as-needed basis at fever detection time; the minimum therapeutic dose
should be applied for the shortest time necessary to alleviate the signs and
symptoms, and the drugs should not be used for longer than 3 days except in
clearly justified situations
A switch to another treatment should be considered if the child’s condition has
not improved
A combination of ibuprofen and paracetamol or alternating therapy is not
recommended for fever management in children; both drugs should not be
administered concomitantly or alternately except in persistent or recurrent
anxiety in a child before the next dose
Recommended oral regimens:
Children < 40 kg
Paracetamol: 15 mg/kg every 4 h, maximum 60 mg/kg/day
Ibuprofen: 5-10 mg/kg every 6—8 h, maximum 30 mg/kg/day
Children > 40-50 kg and 12 years of age
Paracetamol: 700-1000 mg every 4-6 h, maximum 4000 mg/day
Ibuprofen: 200-400 mg every 4—6 h, maximum 1600 mg/day

Paracetamol (10-15 mg/dose) in children with otalgia or fever (= 38.5 °C)

1V intravenous, NSAID nonsteroidal anti-inflammatory drug
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5.2 Ibuprofen

Use of ibuprofen for infants < 3 months of age is not rec-
ommended by the WHO, which includes paracetamol as
the only recommended analgesic for this population [8].
However, recent studies that directly compared ibuprofen
and paracetamol in infants < 3 months of age demonstrated
benefits of ibuprofen over paracetamol (e.g., reduced tem-
perature, less pain) [28, 30, 31]. Some treatment guidelines
state that both drugs have comparable efficacy but recom-
mend paracetamol over ibuprofen in specific conditions,
such as dehydration or risk for dehydration, which often
accompanies fever, and in patients with varicella, pneumo-
nia, Kawasaki disease, or coagulation disorders, because of
an increased toxicity of ibuprofen compared with paraceta-
mol [56].

Studies were identified that investigated the use of ibupro-
fen in children for several indications including fever [28, 30,
42,43, 49, 50, 53, 63-66, 71, 87], dental or tooth extraction
pain [33, 34, 44, 76], and migraine [40, 73, 77]. Findings of
representative studies are summarized in Table 2. Ibuprofen
is also recommended for the treatment of migraine in chil-
dren in the guidelines of the AAN and the French Society
for the Study of Migraine Headache [78, 79].

One study in children with uncomplicated extremity
fractures compared the analgesic effect of ibuprofen with
that of oral morphine [72]. While both drugs improved pain
scores 30 min after administration, treatment with morphine
was associated with significantly more adverse effects than
treatment with ibuprofen (p < 0.01) [72]. The efficacy and
tolerability of ibuprofen in the treatment of preoperative and/
or postoperative tonsillectomy pain were demonstrated in
randomized clinical trials in which paracetamol was a com-
parator (Table 2) [45-47].

In children immunized with an inactivated influenza
vaccine, administration of ibuprofen following vaccina-
tion to alleviate fever did not result in a blunted immune
response [81]. Prophylactic administration of ibuprofen
did not appear to interfere with the immune response to
vaccination with pneumococcal conjugate vaccines [36,
88], but it did interfere with the immune response to diph-
theria-tetanus-pertussis vaccine (DTaP)/human papilloma
virus (HBV)/inactivated polio vaccine (IPV)/Haemophilus
influenzae type B vaccine (Hib) in a randomized, controlled
trial [88]. Lack of interference with the immune response to
the pneumococcal conjugated vaccine (Hemophilus influen-
zae protein D-conjugate vaccine [PHiD-CV]) was observed
regardless of the timing of prophylactic ibuprofen admin-
istration (immediate or delayed during primary or booster
vaccination) [89].

6 Paracetamol and Ibuprofen for COVID-19
Symptoms and Post-COVID-19
Immunization Symptoms in Children

As of May 2022, the number of confirmed COVID-19 infec-
tions reported by the WHO was over 500 million globally,
and rates continue to rise [90]. COVID-19, caused by the
severe acute respiratory syndrome coronavirus 2, is associ-
ated with a wide array of symptoms, including a spectrum
of pulmonary symptoms such as dyspnea (with or without
chronic oxygen dependence), fibrotic lung damage, and chal-
lenges in discontinuing ventilator use [91, 92]. Patients with
COVID-19 infection also display an array of other symp-
toms. In one outpatient study of patients with COVID-19
infection as defined by WHO criteria (N = 1487), the most
common symptoms reported were fever and cough (91%),
asthenia (60%), body aches/myalgia (57%), headache (55%),
dyspnea (32%), chest pain (22%), and ear/nose/throat symp-
toms such as anosmia (28%), ageusia (28%), and ageusia +
anosmia (23%) [93].

The NIH COVID-19 treatment guidelines recommend
supportive care for the management of children infected
with COVID-19 and for the subset of children who develop
multisystem inflammatory syndrome (MIS-C), but they do
not specify drugs or regimens. The treatment guidelines
also note that individuals infected with COVID-19 who
are receiving NSAIDs for an underlying medical condition
should not discontinue NSAID therapy unless warranted and
that use of paracetamol and NSAIDs for antipyretic therapy
should remain similar to that for other patients [94]. The
WHO Living Guidance for Clinical Management of COVID-
19 (23 November 2021 version) [95] includes a conditional
recommendation for the use of corticosteroids in addition
to high-quality supportive care for children with MIS-C,
referring clinicians to the 2013 WHO Pocket Book of Hos-
pital Care for Children [8] for guidance on supportive care
management. Consequently, the role of paracetamol and
ibuprofen for management of COVID-19 symptoms is not
well defined.

COVID-19 is among the top 10 causes of death for chil-
dren 5-11 years of age, and as of April 15, 2022, the CDC
recommends that all individuals > 6 months of age receive a
COVID-19 vaccine [96]. The Pfizer-BioNTech mRNA vac-
cine (COMIRNATY) has received full US Food and Drug
Administration approval for use in individuals > 16 years of
age [97] and individuals 12—15 years of age, and has emer-
gency use authorization for children 5-11 years of age. The
Pfizer-BioNTech vaccine has also received approval from
the European Commission for use in individuals > 12
years of age [98]. The Moderna mRNA vaccine, the John-
son & Johnson/Janssen adenoviral vector vaccine, and the
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Sinovac-Coronavac inactivated virus vaccine currently have
emergency use authorization only for individuals > 18 years
of age [99, 100].

The CDC does not recommend the use of analgesics prior
to COVID-19 vaccination to prevent side effects. However,
paracetamol and NSAIDs may have a role in post-vaccina-
tion symptom relief, as the CDC recommends asking the
child’s healthcare provider for advice on using a non-aspirin
analgesic to manage side effects such as injection site pain
and swelling, muscle pain, fever, chills, and headache. One
publication captured in the literature search suggests the use
of paracetamol to treat these symptoms in children [101].
The findings demonstrate that the role of paracetamol and
ibuprofen in the management of post—-COVID-19 immuniza-
tion symptoms in children is not well established and will
likely continue to evolve as younger children become eligi-
ble for vaccination.

7 Discussion

Children experience a wide range of conditions associated
with pain and fever. Paracetamol and ibuprofen are used
globally in pediatric patients for the treatment of multiple
indications involving pain and fever. Clinical studies and
guidelines support weight-based dosing of oral paracetamol
and ibuprofen in children, with recommended dosages of
10-15 mg/day for paracetamol (maximum of 60 mg/kg/day)
and 5-10 mg/kg for ibuprofen (maximum of 30 mg/kg/day in
children < 35 kg or 400 mg every 6 h in children > 40 kg).
However, no study in pediatric patients could be identified
that investigated paracetamol treatment of muscle ache, mus-
culoskeletal pain, or earache (acute otitis media) at the above
recommended doses, and only one study investigated par-
acetamol treatment and ibuprofen for sore throat pain [37].
Similarly, none of the identified studies investigated ibupro-
fen treatment for acute otitis media pain. Given that parents
of children ages 0—18 in GPI-4 most commonly identified
sore throat as a pain condition experienced by their children,
more studies of paracetamol and ibuprofen in children are
needed for this and other pain indications.

Prophylaxis with paracetamol or ibuprofen to manage
vaccine reactions is not recommended, as evidence suggests
that it is either ineffective [54] or can negatively affect vac-
cine immunogenicity (e.g., DTaP/HBV/IPV/Hib) [36, 88,
89], depending on the specific vaccine administered. How-
ever, paracetamol or ibuprofen use as treatment for reactions
to vaccines such as diphtheria, tetanus, pertussis, hepatitis
B, and Hib combination does not appear to affect vaccine
immunogenicity [81, 86]. Presently, the roles of paracetamol
and ibuprofen in COVID-19 infection symptom management
and post—-COVID-19 vaccination symptom management are
not well defined in children and will continue to evolve.
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Limitations of this report are typical of those associated
with narrative literature reviews and include the subjective
nature of the narrative review process and the potential for
selection bias of the literature discussed. Although these
limitations can be addressed by conducting a systematic
literature review, this method was not feasible because of
the broad scope of this review. However, we believe that the
limitations noted were minimized by following a predefined
set of inclusion and exclusion criteria for article selection,
as outlined in the “Methods.”

8 Conclusion

Accurate, personalized dosing of paracetamol and ibuprofen
for selfcare indications is needed for optimal symptom man-
agement, as age, weight, and pharmacokinetics can influ-
ence dosing approaches in children. Well-designed studies
of these medications for the treatment of pain and fever
associated with COVID-19 in pediatric patients are urgently
needed to ensure optimal relief with minimal toxicity.
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