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In children, fever is a symptom of a wide spectrum of diseases, ranging from common self-limiting viral upper respiratory
tract infections to serious life-threatening diseases. The aim of the diagnostic procedure is to identify the cause of fever, determine
indications for outpatient treatment, plan the appropriate pharmacological therapy or reveal the need for hospitalisation. Paracetamol
and ibuprofen are antipyretics recommended for symptomatic treatment of children; however, the medications should not be used
in combination or alternately, except in specific clinical situations. The drugs may be applied to treat fever and topical reactions after
vaccination, but not prophylactically in order to reduce the incidence of fever or local discomfort after vaccination. Both medications
can be used in patients with asthma, with the exception of intolerant children. Children with confirmed or suspected COVID-19 may be
treated with paracetamol and ibuprofen in accordance with clinical indications and dosage recommendations.
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Background

In children, fever is a manifestation of a broad illness spec-
trum, including both frequent self-limiting viral upper respiratory
tract infections and serious, life-threatening conditions. As such,
it is a source of concern for parents and carers, being one of the
most common reasons of appointments in clinics, as well as, in
the time of the SARS-CoV-2 pandemic, telemedicine services, i.e.
remote consultations. Fever is also one of the most common rea-
sons for hospital emergency department visits and admissions to
paediatric wards, in addition to breathing difficulties. Therefore,
it seems very important to review temperature measurement
methods, criteria of fever diagnosis and classification as well as
management of feverish children, including special situations [1].

Body temperature and its measurement
methods

Body temperature, maintained at a relatively stable level in
a normal temperature environment, is controlled by the hypo-
thalamic thermoregulatory centre, responsible for the balance
between heat production (mainly through metabolic processes
in the muscles and liver) and its loss via skin and the respiratory
system [2].

In general, it is assumed that the average normal tempera-
ture on the body surface is 37°C, although infants and young chil-
dren usually demonstrate a higher temperature than older chil-
dren and adults [2—4]. Physiologically, daily temperature varies
within 0.5°C to 1°C; its lowest and highest values are observed
between 2—6 a.m. and 5-7 p.m., respectively. It may differ indi-
vidually, e.g. due to physical activity and, in girls, menstrual cycle
phase [3, 5]. The highest temperature is detected in the hypo-
thalamic thermoregulatory centre; the term “core temperature”
refers to the value measured in the pulmonary artery (hypotha-
lamic temperature is not available for measurements). As core
temperature cannot be measured in daily practice, other stan-
dard body surface measurement sites are utilised instead [3].

Temperature measurements are essential for proper exami-
nation and assessment of a child’s condition, and their results
depend on the measurement site (Table 1). Currently, body tem-
perature can be measured at four sites: rectum, axilla, mouth
and ear (tympanic membrane) (Table 2). In infants under the
age of 4 weeks, the National Institute of Health and Care Excel-
lence (NICE) recommends body temperature measurements in
the axilla using an electronic thermometer. In children aged 4
weeks to 5 years, healthcare professionals should measure body
temperature by one of the following methods [6]:

e electronic thermometer in the axilla,

e chemical dot thermometer in the axilla,

e infra-red tympanic thermometer.

@@@@ This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International
CAITET  (CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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Table 1. Body temperature values defined as normal temperature and fever as per measurement site [3]

Measurement site Normal temperature range (°C) Average temperature (°C) Fever (°C)
Rectum 36.6-37.9 37.0 >38.0
Mouth 35.5-37.5 36.6 >37.6
Axilla 34.7-37.3 36.4 >37.4
Ear (tympanic membrane) 35.7-37.5 36.6 >37.6

Table 2. Body temperature measurement sites in children [6]

Measurement type Advantages Disadvantages
Axilla Safe, easily available and convenient Requires supervision (due to displacement potential). Lon-
Neonates: as accurate as rectal measurements ger-lasting measurements than in other methods (approx.
30 to 40 s). Inaccurate measurements possible. Inaccuracy
increases with sweating and evaporation
Forehead Convenient, easy to use, safe, quick readings Inaccurate measurements and frequent false normal tem-

perature readings despite increased core body tempera-
ture. Not recommended

Oral or sublingual
core temperature)

Easily available, accurate (good correlation with

No effects of ambient temperature on readings

Requires cooperation (unsuitable for children under the age
of 5 years and uncooperative children). Hot baths, exercise,
hot and cold drinks and breathing through the mouth af-
fect readings. Accuracy depends on closed mouth. Do not
use in the case of tachypnoea due to decreased mouth
temperature. Temperature variations observed with various
thermometer locations

Rectal

age limitations (except neonates)

Gold standard for measurement accuracy, no
effects of ambient temperature on readings, no

Not child-friendly, with potential psychologically harmful ef-
fects. Discomfort and pain possible for patients with rectal
infection or irritation. Hygiene-lacking measurements with
a risk of infection. A time-consuming and privacy-requiring
procedure. Readings depend on the depth of thermometer
insertion, local blood flow and presence of stool or diar-
rhoea. Do not use in neutropenic patients

Ear (tympanic mem-
brane)

Quick and easy to use without cross-contamina-
tion risk, independent of ambient temperature

Sometimes inaccurate measurements (technical errors),
particularly in children under the age of 2 to 3 years

Temperature measurements in the rectum (back passage)
are usually performed in infants and young children when a re-
sult may be doubtful at other sites, may inadequately reflect
the child’s condition or will be the basis for radical clinical inter-
vention. Rectal thermometry is contraindicated in neutropenic
children (with cancer), as well as neonates and young infants
(injury risk) [1, 5, 7, 8].

The oral route of temperature measurements is preferred
in children older than 5 years of age. Temperature in the mouth
is usually lower than in the rectum by 0.6°C due to breathing
through the mouth, and its value can be affected by recent hot
or cold fluid consumption, hot baths and physical exercise [4, 9].

Results of body temperature measurements in the ear
(a thermometer must detect an infra-red beam reflected by
the tympanic membrane) are comparable to core temperature
values, although commonly used infra-red devices are far less
accurate, particularly in young children, which makes this tech-
nigue not a gold standard yet [3, 4].

Contact or non-contact forehead thermometers measure
the amount of heat emitted by temporal arteries. Temporal (on
the forehead) measurement readings can be higher or lower
than in the rectum, suggesting they should not be taken into ac-
count during clinical decision-making [4, 10, 11]. Similarly, body
temperature measurements with the use of smartphone appli-
cations cannot be recommended (based on the current knowl-
edge and research).

Properly measured body temperature requires an appropri-
ate instrument, i.e. a thermometer. Recommended thermom-
eter features and body temperature measurement methods in
children are presented in Tables 3 and 4.

Table 3. Recommended thermometer features [3]

Accurate readings of body temperature for all age groups
Convenient and easy to use by the patient and clinician
Quick readings

No risk of cross-contamination

Not affected by ambient temperature

Safe measurements

Proper quality-to-price ratio

High level of reliability

Table 4. Recommended body temperature measurement meth-
ods [1, 5, 6]

Child’s age

Recommended body temperature measure-
ment methods

Neonates Electronic or chemical dot thermometer in the
axilla
Infants Electronic thermometer in the rectum

(> 6 months old)

Infra-red thermometer in the ear

Electronic or chemical dot thermometer in the
axilla

Electronic thermometer in the rectum
Infra-red thermometer in the ear

Electronic or chemical dot thermometer in the
axilla

< 5years old or
uncooperative
children

Infra-red thermometer in the ear
Electronic thermometer in the mouth

> 5 years old,
cooperative
children
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Fever

Fever (Latin: febrile) is an elevation of core body tempera-
ture above the normal daily variation with proper body ther-
moregulation. It is also a component of a specific biological re-
sponse to illness that facilitates and promotes recovery.

The level of raised temperature considered as abnormal
depends on the child’s age and the measurement site. In neo-
nates and infants younger than 3 months of age, fever is defined
as rectal temperature of > 38°C. In infants above 3 months of
age and children younger than 3 years of age, fever is identified
within the range of > 38.0 to 39.0°C. Serious fever is defined
as a described as body temperature of > 39.0°C with no focal
infection detected during a physical examination [5]. In children
older than 3 years of age, fever is defined as an oral tempera-
ture above 38°C [7].

Clinically, fever is defined as a temperature above the nor-
mal average or normal temperature at the measurement site by
at least 1°C (Table 1) or a core temperature (measured in the
pulmonary artery) of > 38.3°C [2].

In pathophysiology, fever is a response of the body involving
a temperature increase due to activation of the hypothalamic
thermoregulatory centre and its shift to a higher set-point. This
occurs as a reaction to exogenous pyrogens: viruses, bacteria
and their toxins, allergens, immune complexes, active compo-
nents of the complement system; and to endogenous pyrogens
released by stimulated monocytes and macrophages, cytokines
such as interleukin 1 (IL-1), interleukin 6 (IL-6) and tumour ne-
crosis factor a (TNF-a). The above cytokines induce expression
of hypothalamic cyclooxygenase 2 (COX-2) and, through the
cAMP system, production of prostaglandin E2 (PGE2), which
primarily acts on the preoptic area of the hypothalamus. As
a result, the thermoregulatory centre is activated and shifted
to a higher set-point. This in turn triggers an active process aim-
ing to reach a new, higher temperature value which is achieved
by minimising heat loss with physiological vasoconstriction and
heat production during tremors [5, 7]. Potential fever benefits
include retardation of certain bacterial and viral growth and
proliferation (possibly related to lower iron serum concentra-
tions), as well as enhanced immune responses at moderately el-
evated temperatures. Some of beneficial effects disappear with
higher body temperatures (approx. 40°C) [5]. However, fever is
associated with many symptoms, such as myalgia, headache,
nausea, feeling cold (even rigors), which is a source of anxiety
for the child and their parents/carers.

In most children, fever is triggered by infections (caused by
viruses, bacteria, parasites, tuberculosis) and, far less frequent-
ly, by non-infectious diseases (autoimmune, malignant, allergic,

Table 5. Most common causes of clinical fever types [1, 2]

drug-induced, vaccine-induced conditions); therefore, a febrile
child is always suspected of underlying infectious illness until
another cause is determined. It is estimated that over 30% of
cases are fevers of unknown origin (FUOs).

In neonates and infants younger than 3 months of age, fever
can be the only sign of a serious bacterial infection (SBI), such
as urinary tract infection, bacteraemia, meningitis or pneumo-
nia. The probability of this kind of infection is much higher (par-
ticularly in neonates) than in other age groups [11-13]. SBI risk
factors are: prematurity, prolonged foetal membrane rupture,
maternal streptococci B colonisation, breastfeeding difficulty,
respiratory disorders, apnoea. In infants above 3 months and
children younger than 3 years of age, most infections are self-
limiting conditions, and recovery occurs without special causal
treatment. However, it should be noted that fever can be a sign
of a life-threatening condition in this age group [14]. In a child
under the age of five, fever is usually related to an inflamma-
tory response to a viral, bacterial or parasitic infection or, less
frequently, to a non-infectious agent.

Fever clinical classification

In daily clinical practice, the following classification, includ-
ing three categories, can be helpful:

e  Fever with localising signs and symptoms: the most
common in children, typically short-lasting fever (fre-
quently viral infections or targeted treatment); the
cause is usually identified based on a history taken and
physical examination (occasionally X-ray).

e Fever without localising signs and symptoms: frequent-
ly occurring in children during the first 36 months of life
(approx. 20% of cases); the most common causes are
viral infections; urinary tract infections and bacterae-
mia should always be ruled out.

e Persistent fever of unknown origin: diagnosed when
fever persists for longer than 1 week with no other
aetiology-suggesting symptoms identified (in physical
examination and additional tests).

The most common causes of the three fever types are pre-

sented in Table 5.

The clinical relevance of characteristic fever patterns has
changed over the years, as there is only a small number of dis-
eases with such a pattern, while many conditions demonstrate
similar patterns. Despite the fact that the development of di-
agnostic testing has resulted in opportunities for establishing
a diagnosis before variable body temperatures reveal its char-
acteristic pattern, this knowledge may be helpful in differential
diagnosis (Table 6).

Fever type Causes

Fever with localising signs and .

symptoms (usually < 1 week) acute laryngitis, stomatitis

Upper respiratory tract infections: viral upper respiratory tract infections, otitis media, tonsillitis,

e Respiratory system: bronchiolitis, pneumonia

e Gastrointestinal tract: gastroenteritis, hepatitis, appendicitis
e CNS: meningitis, encephalitis

e Infectious diseases: parotitis, varicella

e Autoimmune diseases: rheumatic diseases, Kawasaki disease

Fever without localising o
signs and symptoms (usually o
<1 week) .

Juvenile idiopathic arthritis

Infections: bacterial infections (sepsis), urinary tract infections, viral infections, malaria

Drug- and vaccine-induced fever

Persistent fever of unknown Infections (60-70%):
origin (usually > 1 week) o

(B. henselae)

Localised: rhinosinusitis, endocarditis, abscess
e Generalised: viral infections (e.g. EBV), TB, Kawasaki disease, brucellosis, bartonellosis

e Collagenoses (20%): juvenile idiopathic arthritis, systemic lupus erythaematosus
o Proliferative disorders (5%): leukaemia, lymphomas, neuroblastomas
e Miscellaneous (5-10%): drug-induced fever, artificially-induced fever, autoimmune diseases

EBV — Epstein—Barr virus, CNS — central nervous system.
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Table 6. Fever patterns observed in paediatric diseases ([2] as modified by the authors)

Fever pattern Diseases

Continuous Typhoid, malaria (Plasmodium falciparum)

Remittent Most viral and bacterial infections

Intermittent Malaria, lymphoma, endocarditis

Hectic Kawasaki disease, bacterial infections (sepsis)

Daily Malaria (Plasmodium vivax)

Daily double Leishmaniasis, juvenile idiopathic arthritis, drug-induced fevers

Relapsing Brucellosis, malaria (Plasmodium vivax, Plasmodium ovale, Plasmodium malariae)
Recurrent Familial Mediterranean fever

When classifying fever patterns, its onset (rapid or slow),
daily temperature variation and variation throughout the whole
iliness, fever cycles and treatment response should be consid-
ered. Fever patterns are classified as follows:

e  Continuous or sustained fever is characterised by per-
sistently higher body temperature with maximum fluc-
tuations of 0.4°C per 24 hours. This pattern is usually
unrelated to rigors or tremors. Normal daily tempera-
ture variation is typically absent. This variant is charac-
teristic of typhoid and may be associated with bacterial
endocarditis, tuberculosis (TB) and drug-induced fever.

e  Remittent fever is manifested by a daily temperature
decrease, though not to normal values. The fever am-
plitude is higher than 0.3°C and lower than 1.4°C. It is
the most common fever type encountered in paediat-
ric practice and uncharacteristic of any disease. A daily
temperature variation is usually observed, particularly
with fever caused by an infectious agent.

e Intermittent fever: temperature falls to normal daily,
typically in the morning, with a peak in the afternoon.
Its amplitude is the same as for remittent fever. It is the
second most common fever type observed in clinical
practice.

e Hectic fever is when remittent or intermittent fever
demonstrates a very high amplitude (> 1.4°C).

e  Daily (intermittent) fever is defined as episodes of daily
fever. This type is caused by malarial infections (Plas-
modium vivax) but can also originate from viral and
bacterial infections.

e Daily double fever is characterised by two tempera-
ture increases per 24 hours (12-hour cycles). It can oc-
cur in the case of malaria or certain treatments (e.g.
carbamazepine).

e Undulant fever is manifested by a gradual temperature
raise that remains at a high level for a few days and
then gradually falls to normal values (e.g. brucellosis).

e  Relapsing or periodic fever is defined as three or more
fever episodes within 6 months and asymptomatic
periods lasting at least 7 days. It can be caused by in-
fectious (viral upper respiratory tract, Epstein—Barr or
bacterial infections, e.g. urinary tract infections) or
non-infectious (autoimmune inflammatory diseases)
factors.

e  Recurrent fever: a certain variant of relapsing fever
with rapid onset and high temperatures (> 40°C) which
recurs as 3- to 6-day episodes followed by an asymp-
tomatic period of similar duration. The term is usually
used to describe the course of Borrelia infections and
tick-borne diseases.

e  Periodic fever is also a recurrent type, but it often re-
curs in a rhythmic manner. It most commonly appears
in early childhood, typically at < 1 year of age, and is
caused by autoimmune diseases, e.g. cryopyrin-asso-
ciated periodic syndromes (CAPS), periodic fever with
aphthous stomatitis, pharyngitis and cervical adenitis
(PFAPA).

Fever phases

There are three fever phases [2]: temperature increase, sta-

bilisation and decrease.

e The phase of temperature increase is characterised by
discomfort and results from reduced heat loss through
vasoconstriction and enhanced heat production via
tremors. A child feels cold, and the skin is also cold.

e The phase of temperature stabilisation occurs with
a new (higher) set-point in the thermoregulation sys-
tem. Heat production and loss are balanced as in a nor-
mal state but at a higher temperature level. Reddish or
pink skin denotes a fever peak. After reaching this point,
a child usually feels comfortable, without tremors.

e  The phase of temperature decrease to a normal level
can be a gradual process lasting 2 to 3 days. It is accom-
panied by sweats.

Diagnostic assessment

General recommendations

Since March 2020 and the spread of the SARS-CoV-2 pan-
demic, the diagnostic process more widely utilises remote ser-
vices (telephone and online appointments) as a fully recognised
form of medical consultation in addition to traditional visits and
examinations.

The aims of diagnostic assessment regarding a child’s gen-
eral condition and age, co-morbidities and previous immunisa-
tion are as follows [6]:

e  To assess the presence or absence of immediately life-

-threatening signs and symptomes.

e To assess the risk of serious illness.

e  To assess signs and symptoms suggestive of specific
diseases that can be identified with or without neces-
sary additional testing.

e  To assess the likelihood of a child presenting non-spe-
cific features of acute, self-limiting viral disease.

e To determine a proper medical intervention based
upon a child’s assessment [immediate treatment of
life-threatening condition), oxygen therapy with SpO,
< 92%, referring a child to the emergency medical team
and admission to the intensive care unit, hospitalisation,
ambulatory care with home follow-up (on a remote and/
/Jor ambulatory basis).

Such defined aims of diagnostic assessment mean that

a child presenting signs and symptoms not indicative of a seri-
ous illness (concerning unequivocal clinical features in particu-
lar) will not be burdened with unnecessary medical interven-
tion, and a child with an unclear diagnosis can be supervised
by a primary care physician, provided that reassessment in the
case of a worsening of the illness can be provided.

Children with a life-threatening condition, with unclear di-
agnosis following initial assessment and a differential diagnosis
including serious illness (with a suspected specific disease that
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requires necessary confirmatory testing unavailable in the am- .
bulatory setting) and children with a clear diagnosis but requir-

ing inpatient treatment should be referred to hospital on the

basis of the physician’s assessment [15].

Circulation: heart rate, tachycardia (increase by
10 beats/minute per each temperature elevation
of 1°C), pulse volume, presence of innocent heart
murmur and third heart sound, high blood pressure)

Assessment of a feverish child in the primary care setting e Capillary refill time
includes: e Hydration
1) Medical history: e  Paraesthesia.
e  Medical history with assessment of time from the 3) Temperature measurement.

onset of signs and symptoms as well as fever, fever 4) Blood pressure measurement (in the case of heart rate
pattern, symptomatic and antibiotic treatment or capillary refill time abnormalities).
e  Contact with a person affected by COVID-19 in the 5) Additional testing (complete blood count, urinalysis,

last 2 weeks, isolation or quarantine in a child’s
family or environment

e Comorbidities (chronic respiratory diseases, im- 6)
mune deficiencies, other) 7)

o Previous immunisation

e Other sign and symptoms (rigors, myalgia, head-
ache, poor feeding, lethargy, fatigue, polydipsia,

blood culture, inflammatory markers, ECG, chest X-ray,
ultrasound, etc.).
Age-based assessment of risk of serious illness.
Assessment of signs and symptoms suggestive of spe-
cific diseases.

Characteristics of feverish children at high, intermediate or
low risk of serious illness are presented in Table 7.

delirium, oliguria). a) High-risk group: children presenting any “high-risk”
2)  Physical examination to assess the following: sign or symptom.
e  General condition b) Intermediate-risk group: children presenting any “in-

e  Level of consciousness

e Colour of skin, facial erythema, warmth of limbs

e Skin turgor c)

e Activity level (lethargy, irritability)

e  Respiratory system: respiratory rate, tachypnoea
(approx. 2.5 breaths/minute per each tempera-
ture increase of 1°C), breathing pattern, grunting,
change on auscultation, etc.

termediate-risk” sign or symptom, with no “high-risk”
features.
Low-risk group: children presenting “low-risk” signs
and symptoms, with no “intermediate-risk” or “high-
risk” features.

Signs and symptoms, as well as selected additional assess-
ments suggestive of specific diseases, are presented in Tables
8and9.

Table 7. Signs and symptoms for identifying the risk of serious illness ([6] as modified by the authors)

Assessed feature/system

Signs and symptoms

Low risk Intermediate risk High risk
Colour of lips, skin or e Normal colour e Pallor reported by parent/ ¢ Pale/mottled/ashen/blue skin
tongue /carer
Activity e Responds normally to social e Not responding normally to e No response to social cues

cues

Content/smiles

Stays awake or awakens
quickly

Strong normal cry/not crying

social cues

No smile

Wakes only with prolonged
stimulation

Decreased activity

Appears ill and not responsive
to a healthcare professional
Does not wake or, if roused,
does not stay awake

Weak, high-pitched or con-
tinuous cry

Respiratory system

Nasal flaring
Tachypnoea:
- RR>50 breaths minute,
6—12 months of age
- RR > 40 breaths/minute,
> 12 months of age
Oxygen saturation £ 95% in air
Crackles in the chest

Grunting

Tachypnoea:

- RR > 60 breaths/minute

- Moderate or severe chest
indrawing

Circulation and hydration |

Normal skin and eyes
Moist mucous membranes

Dry mucous membranes

Tachycardia:

- HR > 160 beats/minute,
< 1vyear of age

- HR > 150 beats/minute,
1-2 years of age

- HR > 140 beats/minute,
2-5 years of age

Capillary refill time > 3 seconds

Poor feeding in infants

Reduced urine output

Reduced skin turgor

Other °

None of the intermediate or
high-risk symptoms or signs

3-6 months of age, tempera-
ture 239°C

Fever for > 5 days

Rigors

Oedema of a limb or joint
Non-weight bearing limb/not
using an extremity

< 3 months of age, tempera-
ture 2 38°C

Non-blanching rash

Bulging fontanelle

Neck stiffness

Status epilepticus

Focal neurological signs

Focal seizures
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Table 8. Signs and symptoms suggestive of specific diseases in feverish children ([6] as modified by the authors)

Diagnosis

Meningococcal disease (sepsis,
meningitis)

Signs and symptoms

e Non-blanching rash, particularly with one or more of the following:
- anill-looking child, overall impression of serious illness
- skin lesions larger than 2 mm in diameter (purpura)
- capillary refill time of > 3 seconds
- neck stiffness

Bacterial meningitis*

¢ Neck stiffness

¢ Bulging fontanelle

e Decreased level of consciousness
e Convulsive status epilepticus

Herpes simplex encephalitis

e Focal neurological signs
e Focal seizures
e Consciousness impairment

Septic arthritis/osteomyelitis

e Oedema of a limb or joint
¢ Not using an extremity/Non-weight bearing

Urinary tract infection > 3 months of
age**

e Vomiting

e Poor feeding

e Lethargy

e |rritability

e Abdominal pain or tenderness

e Increased urinary frequency or dysuria

Kawasaki disease*** ****

e Fever for more than 5 days and at least 4 of the following:
- bilateral conjunctival injection without exudate
- erythema and cracking of lips, strawberry tongue, oropharyngeal mucositis
- oedema and erythema in the hands and feet
- polymorphous rash
- cervical lymphadenopathy

COVID-19

e Confirmed SARS-CoV-2 infection (nasopharyngeal swab: RT-PCR, antigen test)
e Loss of smell or taste

* Pneumonia

e Abdominal pain

e Gastrointestinal symptoms

e Neurological symptoms

e Other symptoms

PIMS-TS (paediatric inflammatory
multisystem syndrome temporally
associated with SARS-CoV-2)

e Confirmed SARS-CoV-2 infection (RT-PCR, IgG, 1gM)
e Contact or no confirmed contact with a SARS-CoV-2 infected person

o Children presenting with Kawasaki disease symptoms and/or (separately or in combination):

- shock

- abdominal pain

- gastrointestinal symptoms
- pneumonia

- neurological symptoms

* Classical signs of meningitis (neck stiffness, bulging fontanelle, high-pitched cry) are often absent in infants with bacterial meningitis.

** Urinary tract infection should be considered in any feverish child younger than 3 months of age.
*** Check for the presence of features since the onset of fever, as they may have resolved by the time of assessment.

**** Children younger than 1 year of age may present fewer clinical features, but they are at a higher risk of coronary artery abnormalities.

Table 9. Signs and symptoms of respiratory tract diseases in feverish children ([6] as modified by the authors)

Diagnosis

Rhinosinusitis

Signs and symptoms

Rhinorrhoea (nasal discharge or obstruction)
Nasal obstruction

Smell impairment

Sneezing

Facial pressure or oedema

Cough

Otitis media

Earache
Nasopharyngeal symptoms
Otoscopic manifestation

Pharyngitis and tonsillitis

Sore throat
Pharyngeal erythema
Purulence

Cervical adenitis
Dysphonia

Diarrhoea

Myalgia
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Table 9. Signs and symptoms of respiratory tract diseases in feverish children ([6] as modified by the authors)

Diagnosis

Signs and symptoms

Acute subglottic laryngitis e Rhinosinusitis
e Barking cough
e Dysphonia

e Aphonia

e Rhonchi

e Dyspnoea

Tracheitis and bronchitis e Coryza
¢ Dry and productive cough
e Abnormal bronchial sounds on auscultation

Bronchiolitis e Prodromal signs and symptoms of viral nasopharyngeal infection
e Cough

e Rhonchi

e Dyspnoea

e Tachypnoea

e Bradypnoea

Pneumonia e Tachypnoea (> 60 breaths/minute, 0-5 months of age;
> 50 breaths/minute, 6-12 months of age;
> 40 breaths/minute, > 12 months of age)

e Cracks on chest auscultation

e Rhinitis

e Dyspnoea, chest indrawing

e Cyanosis

e Saturation O, < 95%

Influenza e Rapid symptom onset

e Cough

e Mpyalgia, arthralgia

e Poor feeding

e Asthenia

Table 10. Remote assessment of a child (telephone or online consultation) ([6] as modified by the authors)

Assessment of a child’s condition Intervention External intervention

Signs and symptoms or their combination
suggest an immediately life-threatening
iliness

Immediate referral to emergency hospital
care, call for the appropriate means of
medical transport

High risk of a serious illness without imme-
diately life-threatening features

Urgent assessment by a healthcare profes-
sional within 2 hours

Intermediate risk of a serious illness

Direct assessment of the urgency deter-
mined individually by the healthcare profes-
sional carrying out the remote assessment

Low risk of a serious illness

Remote consultation with advice for home
care, determination of management by
parents/carers, including advice on elective
or urgent follow-up criteria, as well as on
how emergency healthcare services can be

accessed

Temperature, pulse, respiratory rate and capillary refill time
measurements should be recorded as part of the routine assess-
ment of a child with fever.

It should be recognised that the signs and symptoms listed
are not all the factors that decide on management methods;
their coexistence and other factors, e.g. intellectual disability or
chronic diseases that affect contact with the child, should be
taken into account. Moreover, experience and intuition of the
assessing healthcare professional also contribute to ultimate
medical decisions.

In practice, assessment of a child and determination of fur-
ther management is possible as a result of remote consultation,
face-to-face advice or a combination of both.

1. Remote consultation (telephone or online advice
provided via Internet platforms such as Skype, Zoom,
etc.): assessment of a child is performed by a health-
care professional in an indirect manner; therefore, it is
mostly based on interpretation of reported symptoms.
Nevertheless, the aim is to identify life-threatening fea-

tures and the risk of serious illness, as well as to assess
possible signs and symptoms of specific diseases and
self-limiting conditions. Management procedures are
detailed in Table 10.

2. Face-to-face appointment: a child is directly assessed
in the ambulatory care setting. A healthcare profes-
sional can take a history and perform a physical exami-
nation; further management can be determined based
on the findings (Table 11).

The healthcare professional decides on the type and place
of the child’s treatment: ambulatory care with proper precau-
tions or referral to hospital. If hospital admission is unneces-
sary, but no diagnose has been reached, parents/carers should
be provided with verbal and/or written information on warning
symptoms that indicate a worsening of the child’s condition and
how further 24-hour healthcare services (GP, out-of-hours med-
ical assistance, hospital emergency department, emergency
medical services) can be accessed. The parents should also be
advised that it is necessary to encourage the child to drink more
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fluids (where a baby or child is breastfed, the most appropriate
fluid is breast milk) and assess the child for signs of dehydration
(dry mouth, sunken fontanelle and eyes, lethargy).

In addition to the child’s clinical condition, healthcare pro-
fessionals should consider the following factors when deciding
whether to refer a child to hospital: social and family circum-
stances, other illnesses that affect the child or other family

members, parental anxiety (based on their knowledge of the
child), contact with other people who have serious infectious
diseases, experience of a previous serious illness or death due
to feverish illness which has increased parents’ anxiety levels,
when a feverish illness has no obvious cause, but the child re-
mains ill longer than expected for a self-limiting illness [6]. Indi-
cations for hospital admission are provided in Table 12.

Table 11. Face-to-face assessment of a child in ambulatory care ([6] as modified by the authors)

Assessment of a child’s condi-
tion

Signs and symptoms or their
combination suggest an imme-
diately life-threatening illness

Intervention

Intravenous fluids
Active monitoring
Oxygen therapy (SpO,) < 92%

Additional testing

External intervention

Immediate referral to emer-
gency medical care, call for the
appropriate means of medical
transport

High risk of a serious illness,
localising signs and symptoms

Urgent hospitalisation

Intermediate risk of a serious
illness, localising signs and
symptoms

Decision on further ambulatory
care

Infants < 3 months of age: tem-
perature, pulse and respiratory
rate monitoring

Decision on ambulatory care:

e Complete blood count with
differential leukocyte count

e CRP level

e Urinalysis, urine culture

e Stool culture when diar-
rhoea

e Chest x-ray when respiratory
signs and symptoms sugges-
tive of pneumonia

Possible hospitalisation

Low risk of a serious illness,
localising signs and symptoms

Ambulatory care

Advice for home care, deter-
mination of management by
parents/carers, including advice
on elective or urgent follow-
-up criteria, as well as on how
emergency healthcare services
can be accessed

e Complete blood count with
differential leukocyte count

e CRP level

e Urinalysis

e Stool culture when diar-
rhoea

e Transthoracic ultrasound of
lungs

Children with symptoms and
signs suggesting pneumonia
who are not admitted to hos-
pital should not routinely have
a chest x-ray

Children > 3 months of age and/
/or more signs and symptoms
of a high risk of serious illness
Fever without localising signs
and symptoms

Ambulatory care or hospitalisa-
tion

e Complete blood count
e CRP level
e Urinalysis, urine culture
e Consider:
- Chest x-ray
- Electrolytes, arterial
blood gases
- Transthoracic ultrasound
of lungs

Possible hospitalisation

Intermediate risk of a serious
illness

Fever without localising signs
and symptoms

Ambulatory care

e Urinalysis, urine culture

e Complete blood count

e CRP level

e Chest x-ray in children with
fever >39°C and WBC > 20
x 10°/L

e Transthoracic ultrasound of
lungs

Consider hospitalisation in
children aged < 1 year (lumbar
puncture)

Low risk of a serious illness
Fever without localising signs
and symptoms

Ambulatory care

Home care with advice on
the signs and symptoms to be
monitored and when to seek
medical advice

e Urinalysis
e Assessment for pneumonia

Infants < 3 months of age

Ambulatory care or hospitalisa-
tion

Temperature, pulse and respira-
tory rate monitoring

e Complete blood count

e CRP level

e Urinalysis, urine culture

e Chest x-ray when respiratory
signs and symptoms sugges-
tive of pneumonia

e Transthoracic ultrasound of
lungs

Hospitalisation:

Infants < 1 month of age
Infants 2 to 3 months of age
Deterioration of the overall
condition

WBC < 5 x 10°/L and > 20 x
10°/L
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Table 12. Indications for hospital care ([6] as modified by the authors)

Life-threatening condition Emergent
Child with signs of respiratory/cardiac failure Urgent
Children with signs and symptoms of a serious illness Urgent
Unclear diagnosis and differential diagnosis refer to a potentially serious disease that may require | Urgent
hospitalisation to prevent further deterioration of a child

Diagnosis suspected but confirmatory tests unavailable in primary care Urgent
Diagnosis established but treatment unavailable in primary care: children require management | Urgent
and treatment available only in the hospital setting

Infants < 3 months of age with suspected urinary tract infection (without any signs or symptoms | Urgent
suggesting another focal infection)

Child with signs of mild or moderate dehydration due to a recent history of gastrointestinal infec- | Urgent
tion and oral hydration failure

Co-existence of several signs and symptoms of the intermediate risk of serious illness Urgent / to be decided individually

Treatment

Antipyretic agents belong to the group of most commonly
used drugs in daily practice and are available without prescrip-
tion (OTC). They also demonstrate analgesic effects. Currently
administered antipyretics in paediatric care are: ibuprofen (non-
steroidal anti-inflammatory drug, NSAID) with an additional an-
algesic effect, paracetamol and metamizole [16].

Ibuprofen

Pharmacodynamic properties

lbuprofen is a drug with a complex mechanism of action: an-
algesic, antipyretic and, additionally, anti-inflammatory effects.
It blocks arachidonic acid metabolism by the cyclooxygenase
component, acting peripherally and centrally. The mechanism of
the central antipyretic effect involves blocking hypothalamic and
thalamic cyclooxygenase 2 (COX-2), which leads to inhibition of
prostaglandin synthesis [17]. Ibuprofen demonstrates peripheral
analgesic properties by inhibiting iNO synthase (NOS-3), as well
as activating serotonin and the noradrenalin pathway in the spi-
nal cord. Independently of acting on cyclooxygenase, ibuprofen
inhibits intracellular nuclear factor NF-kB involved in regulation
of genetic transcription of pro-inflammatory cytokines (IL-6,
IL-1, TNF-a). Through NO (NOS-2) and leukotriene B4 synthases,
it activates lipoxines (mainly A type) in the focal inflammatory
site; they are endogenous anti-inflammatory and antipyretic
mediators which also demonstrate non-cyclooxygenase mecha-
nisms of affecting fever and inflammatory processes. In addition,
ibuprofen has the ability to inhibit the permeation of leukocytes
(through vascular walls) into inflammatory sites in tissues, as
well as reduce congestion and oedema severity [16, 18].

Pharmacokinetic properties

lbuprofen is a propionic acid derivative which is rapidly ab-
sorbed from the stomach following oral administration. An im-
portant property of ibuprofen is its short “peripheral” half-life
of about 2 hours. Due to its considerable lipophilic nature, ibu-
profen is then distributed to the central nervous system, which
results in an up to 6-hour antipyretic effect. It should be noted
that liquid ibuprofen shows a much quicker antipyretic effect
compared to tablets, pills or capsules. In the case of solid dos-
age forms, ibuprofen must be first released from its solid form
and absorbed in the digestive tract. The liquid form is absorbed
immediately, which affects its time to reach the maximum anti-
pyretic effect [19].

The rectal route, due to the drug’s pharmacokinetic prop-
erties, is less effective than oral administration. However, the
limited available ibuprofen pharmacokinetic studies show that

the bioavailability of this form of ibuprofen dosage is sufficient
in children and adults, and blood concentrations of the agent
demonstrate therapeutic effects [20, 21].

Posology and method of administration

Due to its excellent safety profile, ibuprofen may be used in
children 3 months of age and older and by breast-feeding moth-
ers, as only 1% of the dose is excreted into the milk. The recom-
mended antipyretic oral and rectal dose is 5-10 mg/kg per dose.
A daily ibuprofen dose of 30 mg/kg/day should not be exceeded
in children weighing up to 35 kg; in children weighing over 40 kg
and in adults, a daily dose of 400 mg every 6 hours (maximum
1600 mg/day) should not be exceeded [22]. Ibuprofen may be
taken after fasting to achieve a quicker antipyretic effect [16,
18, 19].

Safety

Ibuprofen is considered the safest agent among classical
NSAIDs. Clinical practice and studies show that the safety pro-
file of ibuprofen administered for up to 7 days is as beneficial as
that of paracetamol. The incidence of adverse effects in children
treated with ibuprofen and paracetamol is comparable. Similar-
ly, the ibuprofen gastrointestinal safety profile is comparable to
that of paracetamol in the case of short-term use [23]. Ibupro-
fen demonstrates a beneficial activity profile regarding specific
cyclooxygenase isoforms, resulting in a small risk of upper diges-
tive tract and renal injury during its administration. Moreover,
short-term inhibition of cyclooxygenase activity reduces the risk
of interactions with other drugs where the pharmacodynamic
mechanism of action involves arachidonic acid metabolites. Ibu-
profen overdose in children is extremely rare and usually occurs
when several ibuprofen products are used concomitantly, their
administration is not supervised, or the dosage instructions are
unclear. In most children with an overdose of ibuprofen alone,
the risk of serious adverse effects is small [24, 25]. Long-term
use of ibuprofen, at high doses, with significant dehydration, is
associated with a risk of acute renal injury; moreover, it is not
recommended in the case of varicella or Kawasaki disease [26,
27]. Cases of symptomatic overdose in children were reported
following administration of over 440 mg/kg/day [28]. The risk
of ibuprofen nephrotoxicity is small and comparable to that
of paracetamol, with proper dosage and short-term use [29].
Moreover, it has been discussed whether the effects of ibu-
profen use may mask infection symptoms, leading to delayed
treatment initiation and, therefore, worsening of the course of
infection.

Such cases were reported for community-acquired bacte-
rial pneumonia and bacterial complications of varicella. The
observed (in 7 studies) higher risk of pneumonia complications
with ibuprofen may result from the fact it was administered
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more often in children with a more severe disease and longer-
-lasting fever, and the more frequent use was a marker and not
a causative factor of the more serious infection [30].

Paracetamol

Pharmacodynamic properties

Paracetamol (acetaminophen) is an analgesic and antipyret-
ic, centrally acting drug which inhibits prostaglandin synthesis at
the second stage of arachidonic acid pathway (PGG2 peroxida-
tion to PGH20 through blocking the peroxidase component of the
COX-2 isoenzyme). The effectiveness of paracetamol highly de-
pends on the oxyreductive state of tissues [31, 32]. Paracetamol
alters the sensitivity of hypothalamic thermoregulatory centre
cells to exogenous bacterial and viral as well as endogenous
(IL-1, IL-6 and TNF-a) pyrogens. The drug also acts on nocicep-
tive sensory neurons in hypothalamus (i.e. third-order sensory
neuron). Paracetamol has no anti-inflammatory properties [33].

Pharmacokinetic properties

The routes of paracetamol administration may be oral,
rectal or intravenous. Optimal are the oral and intravenous
routes. Rectal use is not recommended due to the paracetamol
pharmacokinetic profile [34]. Following oral administration,
paracetamol is readily and rapidly absorbed from the gastroin-
testinal tract, mainly in the small intestine. The onset of action
is usually observed after 30 to 60 minutes (15 minutes for lig-
uid dosage forms), and the maximum concentration is reached
as early as 10 to 60 minutes after ingestion, with bioavailabil-
ity of approx. 60%. The antipyretic and analgesic effects are
maintained for 6-8 hours and 4—6 hours, respectively [35, 36].
Following rectal administration, paracetamol bioavailability is
approx. 50% lower than that of an oral dosage; what is more,
the maximum serum concentration is reached after 2 to 4 hours
of ingestion, which considerably reduces the effectiveness of
paracetamol [34].

Posology and method of administration

In children, paracetamol dosage is determined based on
weight; the recommended dose is 15 mg/kg via oral and rec-
tal routes. Paracetamol should be regularly administered every
4 hours without exceeding a daily dose of 60 mg/kg/day [22]. It
has been found in one study that an initial bolus of 30 mg/kg en-
sures a better antipyretic effect than a routine dose of 15 mg/kg,
due to more rapid and sustained fever alleviation in children [37].

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 tem-
perature compared to baseline values (1.6°C vs 1.2°C) [36]. Al-
though the product is licensed for use with no age limitations, it
is usually not recommended in children younger than 3 months
of age without previous medical consultation, as fever may be
the only sign of serious infection in this age group [38]. A fre-
quent problem encountered in daily practice is administration
of too small a paracetamol dose, which leads to temperature
fluctuations and inadequate analgesic effects.

Safety

Therapeutic paracetamol doses are safe without hepato- or
nephrotoxicity; moreover, the drug may be taken after fasting (no
irritation of stomach mucosa) [39-41]. However, it should be rec-
ognised that the wide availability of paracetamol (also as a com-
ponent of fixed-dose combinations) makes it the most common
cause of poisoning in children under the age of 6 years [38].

Acute and chronic paracetamol overdose results in gastroin-
testinal disorders. Possible paracetamol-related adverse effects
include hepatic impairment (the overdose may lead to hepatic
injury or necrosis, or acute and potentially fatal hepatic failure).
Hepatic failure occurs rarely, and the cause of death in this case

is mainly considered to be a delay of proper treatment initia-
tion. An overdose may also result in haematological abnormali-
ties (thrombocytopenia, blood cell haemolysis (in patients with
glucose-6-phosphate dehydrogenase deficiency), anaphylaxis
and severe skin reactions, including Stevens-Johnson syndrome
[19, 39, 42]. During routine visits, parents should be advised
to be aware of a potential overdose and poisoning risk dur-
ing home administration of paracetamol and to use fixed-dose
combinations with special caution.

Metamizole

Pharmacodynamic properties

Metamizole is a non-opioid analgesic with additional an-
tipyretic and spasmolytic effects. Metamizole metabolites in-
hibit prostaglandin synthesis, primarily by inhibition of cyclo-
oxygenases 1 and 2 (COX-1, COX-2). It demonstrates analgesic
and antipyretic properties via the cannabinoid system, which
makes it effective when other antipyretics fail. It is estimated
that the metamizole antipyretic effect is stronger than that of
paracetamol and comparable to NSAID antipyretics due to its
influence on cannabinoid receptors and central prostaglandin
synthesis [18, 43].

Pharmacokinetic properties

Oral tablets act within 30 to 60 minutes following adminis-
tration. The bioavailability of metamizole oral drops is 81%, and
the onset of the antipyretic effect is observed approx. 15 min-
utes after ingestion. The recommended oral dose in the popula-
tion up to 14 years of age is 8—16 mg/kg, and the dosage level
depends on fever severity; 10 mg/kg is usually sufficient. In chil-
dren 15 years of age or older, a single antipyretic dose is 1,000
mg. In antipyretic interventions, metamizole doses may be ad-
ministered every 6 to 8 hours, which is equivalent to the maxi-
mum daily dose of 4,000 mg [19, 44]. Administration of a single
dose and its value depend on pain or fever severity, as well as
individual reactions to metamizole. The minimum therapeutic
dose should be applied.

Safety

In cohort and observational studies, available in recent years,
it has been acknowledged that metamizole-induced agranulo-
cytosis is a rare complication, with the incidence comparable to
that known for other non-opioid analgesics; nevertheless, the
risk is of certain importance [45, 46]. Metamizole use is also as-
sociated with a small risk of interactions with other, concomi-
tantly used drugs. A clinically relevant interaction is observed
for cyclosporine; therefore, caution is advised in patients taking
both drugs concurrently. It should be noted that according to
the current European Medicines Agency statement, definitive
rejection of metamizole use in infants younger than 3 months
of age is not considered to be justified, as studies in patients of
this age group showed no particular risks [45]. Currently, met-
amizole oral drops are available for the paediatric population.
Metamizole is licensed for use in acute severe pain following
trauma or surgery, colic, tumour pain, other acute or chronic
severe pain if other therapeutic measures are contraindicated
and high fever that does not respond to other measures [47].

Effectiveness of antipyretics

A meta-analysis (2009) assessing the effectiveness of ibu-
profen vs paracetamol in reducing fever and alleviating related
signs and symptoms in children has demonstrated a slight ad-
vantage of ibuprofen at 6 hours following administration and
no difference regarding multiple dosing [24]. Studies from 2015
show that the antipyretic and analgesic effects of both agents
are similar provided that appropriate, recommended dosing
regimens are applied, i.e. 15 mg/kg/dose for paracetamol and
10 mg/kg/dose for ibuprofen [48]. A meta-analysis (2020) of 19
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Table 13. Ibuprofen and paracetamol dosing regimens in children [6, 22]

Drug and method of administration Children < 40 kg

lbuprofen, oral
max 30 mg/kg/day

5-10 mg/kg every 6 to 8 hours

Children > 40-50 kg and 12 years of age

200-400 mg every 4 to 6 hours
max 1,600 mg/day

Ibuprofen, rectal
max 30 mg/kg/day

10 mg/kg every 6 to 8 hours

200-400 mg every 4 to 6 hours
max 1,600 mg/day

Paracetamol, oral

15 mg/kg every 4 hours

700-1,000 mg every 4 to 6 hours

max 60 mg/kg/day max 4,000 mg/day
Paracetamol, rectal 15 mg/kg every 4 to 6 hours 700-1,000 mg every 4 to 6 hours
max 60 mg/kg/day max 4,000 mg/day

studies (11 with and 8 without randomisation, respectively) in
241,138 participants from 7 countries and various healthcare
institutions (hospitals and outpatient clinics) has demonstrated
that administration of ibuprofen vs paracetamol for manage-
ment of fever or pain in children under 2 years of age was as-
sociated with reduced temperature and less severe pain within
the first 24 hours, with comparable safety [49].

Combination treatment

Ibuprofen and paracetamol have different mechanisms of
antipyretic and analgesic action, and in clinical practice when
monotherapy with optimal doses fails to effectively reduce fe-
ver, this fact is a basis for considering potential combination
therapy, i.e. concomitant or alternating administration of both
drugs, to improve therapeutic effects [50]. When attempting
administration of ibuprofen and paracetamol combined, we
should be aware that concomitant use of both agents results in
a synergic effect (being summed but also additionally potenti-
ated), while alternating dosage may lead to drug indifference,
which is not beneficial for intensive fever management [50, 51].
A systematic review has showed that concomitant administra-
tion of ibuprofen and paracetamol in children reduced tempera-
tures to a higher extent at 1 and 4 hours compared to antipyret-
ic monotherapy. Moreover, it was observed that when fever did
not resolve or relapsed following a single drug, an alternating
dosage of ibuprofen and paracetamol might more effectively re-
duce the average temperature at one hour following the second
dose (mean difference of 0.60°C). In the summary, however, the
authors express concerns about the limited assessment of the
combination and alternating regimen safety despite no serious
adverse reactions reported in literature [52]. In practice, most
guidelines restrict indications for combined therapy in children
due to the risk of inappropriate dosing regimens or intervals,
and they do not recommend alternating or combined adminis-
tration of ibuprofen and paracetamol (evidence level VI; recom-
mendation strength D) [6, 42, 53]. An alternating dosing regi-
men in children may only be considered in the case of persistent
or recurring anxiety and discomfort for a child [52-55]. In any
fever case, a child must be properly hydrated [16, 18].

General recommendations [6, 22, 42]

1. Paracetamol and ibuprofen are antipyretics recommended
for use in children (evidence level I; strength of recom-
mendation A). Oral or rectal administration of ibuprofen or
paracetamol is recommended [CII].

2. lbuprofen and paracetamol should be administered at
stable intervals and not on an as-needed basis at fever de-
tection time; the minimum therapeutic dose should be ap-
plied for the shortest time necessary to alleviate the signs
and symptoms, and the drugs should not be used for lon-
ger than 3 days except in clearly justified situations.

3. A switch to another treatment should be considered if
the child’s condition has not improved.

4.  Acombination of ibuprofen and paracetamol or alternating
therapy is not recommended for fever management in chil-
dren; both drugs should not be administered concomitant-
ly or alternately except in persistent or recurrent anxiety in
a child before the next dose (evidence level VI; strength of
recommendation D) [CII].

Ibuprofen and paracetamol dosage regimens are outlined in

Table 13.

Managing treatment failure

In any case of antipyretic intervention failure, environ-
mental (overheating) or pharmacological (drug-induced fever
e.g. due to antibiotic therapy) factors should be considered in
terms of treatment ineffectiveness. Although there are no strict
guidelines regarding children who may only take paracetamol
and ibuprofen products for safety reasons, when proper doses
administered do not result in an adequate treatment response,
a dual therapy of ibuprofen + paracetamol may be considered
provided proper hydration is ensured [6, 22].

Physical interventions take advantage of heat loss through
convection or evaporation, while they do not alter the basic
thermoregulatory mechanisms. Physical interventions, such as
cooling, undressing, cool water sponging or fanning, do not re-
duce pyrogen levels or affect hypothalamic thermoregulatory
mechanisms as observed for antipyretic drugs. During the cool-
ing procedure, the hypothalamic regulatory mechanism main-
tains a higher set-point temperature; therefore, the physical
method, if too active or too rapid, may cause vasoconstriction,
an increase in temperature and metabolism and, as a result, rig-
ors that lead to the child crying and having discomfort. Research
indicates a beneficial effect of cooling measures providing they
are added not earlier than at the beginning of antipyretic-in-
duced resolution of fever, which facilitates removal of excess
heat from the body [56].

Physical cooling methods may only be recommended in
combination with a previously administered antipyretic agent.
Children with fever should be clothed appropriately for their
surroundings to avoid hyperthermia or rigors. The main aims
are to ensure the comfort of the child and to prevent over-rapid
cooling that may cause rigors, which may be distressing for the
child and parents [6].

Immunisation

The beneficial effects of preventive (before vaccination)
paracetamol administration have been demonstrated in in-
fants vaccinated against meningococcal group B bacteria [57].
Similar advantages, although diverse due to various vaccina-
tion types and order, have been demonstrated in an analysis
of 13 randomised studies (2014) [58]. Despite these observa-
tions, however, the American Academy of Pediatrics expresses
a different position and does not recommend preventive use of
paracetamol or ibuprofen to reduce fever and local reactions in
vaccinated children (evidence level II; strength of recommenda-
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tions E) [59]. Moreover, the effects of antipyretics on immune
response to vaccines have been assessed [60]. The studies have
shown that preventive antipyretic administration may affect
the immune response, and therefore, it is not recommended
[61-63]. This was confirmed by recommendations (2017) where
preventive paracetamol or ibuprofen administration to reduce
fever incidence and local reactions in vaccinated children is not
recommended, with acceptable as-needed post-vaccination use
(evidence level Il; strength of recommendation E) [42]. In addi-
tion, preventive pre-vaccination use of paracetamol or ibupro-
fen does not reduce the risk of febrile convulsions and is not rec-
ommended for this specific purpose (evidence level I; strength
of recommendation E) [42, 64, 65]. For post-vaccination fever
or local discomfort, scientific societies commonly recommend
paracetamol (the only therapeutic option for children younger
than 3 months of age) or ibuprofen [42, 65, 66].

Allergic diseases

Antipyretics and analgesics in children with allergic diseases
were subjected to in-depth analyses. A meta-analysis of 11 co-
hort studies assessing the effects of paracetamol used by moth-
ers in the first trimester of pregnancy and in young children
with a risk of development of allergic diseases has confirmed
the current guidelines on the use of the drug [67]. Administra-
tion of a single dose of paracetamol in asthmatic children in
a controlled study setting did not result in reduced values of
forced expiratory volume in one second (FEV,), forced expira-
tory volume in one second % of forced vital capacity (FEV,/FVC)
and the mean expiratory flow 25-75% (MEF,, ), as well as the
increase in FeNO levels [68]. Similarly, a multi-centre, prospec-
tive, randomised, double-blind, parallel-group study in 300 chil-
dren 12 to 59 months of age with mild persistent asthma has
demonstrated that ibuprofen or paracetamol used as rescue
medications do not increase asthma exacerbation incidence
rates or affect other asthma-related complication markers [69]
over a one-year observation period. The authors conclude that
ibuprofen and paracetamol are not contraindicated in febrile
children with asthma, but they are contraindicated in cases of
known intolerance to paracetamol or NSAIDs (evidence level |;
strength of recommendation A).

It is estimated that NSAID hypersensitivity in children oc-
curs more often than previously considered, which may result
from an increasing incidence of allergic diseases and/or fre-
quent cross-reactive allergy phenotypes. These reactions may
also appear in children younger than 10 years of age, and in
some cases, they include paracetamol (weak COX-3 inhibitor)
treatment intolerance. To date, a relationship between NSAID
hypersensitivity and chronic urticaria or the role of exacerbating
factors, such as viruses, physical exercise and food, has not been
well defined. Available data suggests that contrary to adults, se-
vere inflammatory conditions related to nasal polyps and un-
controlled asthma are not observed in the paediatric population
[70].

Summing up, it can be concluded that ibuprofen and
paracetamol are not contraindicated in children with asthma,
but they are contraindicated in known paracetamol- or NSAID-
induced asthma cases (evidence level Il; strength of recommen-
dation A) [42].

Infections

Paracetamol and ibuprofen are commonly used in symp-
tomatic treatment of upper respiratory tract infections. In prac-
tice, when paracetamol alone is not sufficient in rhinosinusitis
therapy in children older than 6 years of age, fixed-dose com-
binations are also applied where activation of smooth muscle
adrenergic receptors leads to vasoconstriction, thus reducing
nasal congestion and oedema. As otalgia results from an en-

hanced inflammatory process, ibuprofen with peripheral anti-
inflammatory and, additionally, central analgesic and antipyret-
ic properties should be immediately administered as first-line
treatment unless contraindicated [71-73]. Recommendations
for the use of ibuprofen in paediatric patients within the first
24 to 72 hours of otalgia onset have been confirmed by meta-
-analyses suggesting that ibuprofen is as safe as paracetamol, yet
in far higher therapeutic doses than those of paracetamol [74,
75]. Controversies arise about combining available treatments
to achieve better treatment outcomes, and there is low-quality
evidence of advantages related to a paracetamol/ibuprofen
combination compared to paracetamol or ibuprofen monother-
apy [73]. Studies conducted in 2020 showed that adding ibupro-
fen to paracetamol in children to improve analgesic effective-
ness does not ensure the expected clinical benefits, which may,
however, be associated with suboptimal paracetamol dosing by
parents despite strict medical instructions [74]. NSAIDs are not
recommended for severe or complicated upper respiratory tract
infections with unusual clinical features (duration or signs and
symptoms) and not for longer than 72 hours [75].

NSAID use is also the subject of a discussion regarding lower
respiratory tract infections. A study in children with bronchiol-
itis has shown that ibuprofen or ibuprofen with paracetamol ad-
ministered during the first episode markedly alleviates rhonchi
in the later phase compared to children on paracetamol alone
[76]. Non-steroidal anti-inflammatory drugs are commonly used
for improvement of community-acquired pneumonia signs and
symptoms, although no clinical data or guidelines support this
kind of management [77]. Krenke et al. have demonstrated that
a cumulated ibuprofen dose higher than 78 mg/kg considerably
increases the risk of pulmonary and pleural complications such
as: necrotising pneumonia and lung abscess, parapneumonic ef-
fusion and pleural empyema (n = 203) [78]. Pre-hospitalisation
NSAID exposure has also been identified as an independent risk
factor of paediatric pleural empyema and other pleural com-
plications in other studies [79, 82]. A review of 10 studies in
children and adults where the risk of parenchymal and pleural
pneumonia complications, as well as long-term hospitalisation,
was assessed did not reveal a risk of NSAID administration, in-
cluding ibuprofen, due to a possibility of pneumonia complica-
tions, highlighting a need for further observational studies [83].
Therefore, there is a suggestion that the necessity and the num-
ber of prehospitalisation NSAID doses may be markers rather
than reasons of pulmonary or pleural complications in the hos-
pital setting.

Febrile convulsions

Febrile convulsions are seizures that appear in childhood in
children older than 1 month of age and are related to illness ac-
companied by fever that has not been caused by a central ner-
vous system infection, without previous neonatal seizures or an
unprovoked seizure which does not meet the criteria of other
acute symptomatic seizures [84].

Febrile convulsions, being a prevailing consequence of fe-
ver, are observed in 2% to 5% of children of any age, most com-
monly between 6 months and 5 years of age, with a peak inci-
dence at 18 months of age; they are more frequent in boys and
most often occur in the evening [85, 86]. Febrile convulsions are
usually observed when the temperature exceeds 38°C, although
they may appear at any feverish illness time point, while fever
itself may occur not earlier than following the episode. Typical
signs include: loss of consciousness, breathing difficulty, pallor
or cyanosis, foaming at the mouth, eyeballs rolling back, visual
fixation, generalised or focal seizures and myoclonic jerking of
limbs. A differential diagnosis of febrile convulsions and their
classification are presented in Tables 14 and 15.

A child with simple febrile convulsions should not be hos-
pitalised if in a good clinical condition and with a known infec-
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Table 14. Differential diagnosis of febrile convulsions ([84, 85] as modified by the authors)

Condition/sign

Seizure episode

Characteristic features

Absence of fever, complex convulsions

Rigors Seizures without loss of consciousness
Delirium Acute and transient fever-related confusion
Faint Short-lasting episode, rapid and complete recovery to normal state, absence of fever

Breath holding

Involuntary breath holding by a child and transient loss of consciousness, absence of fever

Episodes of anger

Characteristic medical history

Table 15. Classification of febrile convulsions in children ([84, 85, 87] as modified by the authors)

Simple febrile convulsions (70%)

e Generalised tonic-clonic seizures without focal o
features .

e Episodes terminating spontaneously .
e No recurrence within 24 hours .
e Normal findings in additional testing (e.g. EEG, .

NMR) .

sode

Focal features (e.g. only one side of the body involved): 16.1%

Episodes with a duration of more than 10 minutes: 13.1%

e Episodes with a duration of less than 10 minutes | ¢ Two or more episodes within 24 hours*: 13.8%

No full recovery observed after 1 hour

Post-episode neurological complications

Possible post-episode short-lasting paralysis (Todd’s paralysis)

Possible status epilepticus development

e Possible necessary anticonvulsant drug intervention to terminate the epi-

Complex febrile convulsions (30%)

* Some authors identify “simple febrile seizures plus” when more than one episode may appear within 24 hours.

EEG = electroencephalogram; NMR = nuclear magnetic resonance.

Table 16. indications for hospital admission of a child with febrile convulsions, so-called red flags ([6, 84] as modified by the authors)

Red flags: indications for hospital admission

Complex febrile convulsions

Presence of meningeal signs (Kernig’s sign, Brudzinski sign, neck stiffness)

Decreased level of consciousness persisting for longer than 1 hour after the convulsive episode

Presence of petechial rash

Bulging fontanelle

Tachycardia disproportionate to body temperature or persistent tachycardia even following temperature normalisation

Signs of moderate to severe respiratory failure (tachypnoea, grunting, low oxygen saturation < 92%, chest indrawing)

tion source. The child can be monitored in a hospital emergency
department and discharged home after 6 hours following the
episode. Most seizures are short-lasting and terminate sponta-
neously with no need for anticonvulsant treatment. Indications
for anticonvulsant treatment are: a duration of seizure longer
than 5 minutes, status epilepticus and recurrent seizures. Dur-
ing a convulsive episode, the child should be placed in the re-
covery position, the airways should be managed and vital signs
assessed. Treatment involves symptomatic antipyretics and an-
ticonvulsants (diazepam 0.25 mg/kg i.v. or rectal 0.5 mg/kg or
lorazepam 0.1 mg/kg i.v.) to suppress seizures [87]. Drugs may
be re-administered after approx. 20 minutes if the seizure does
not resolve following the first administration. Proper hydration
with cool fluids is also important after seizure termination. The
prognosis for simple febrile convulsions is good. The risk of epi-
lepsy development is small, and seizures do not negatively im-
pact the child’s behaviour, school progress or neurological disor-
ders. However, complex febrile convulsions increase the risk of
epilepsy and recurrent febrile convulsive episodes [88]. Indica-
tions for hospital admission of children with febrile convulsions
are detailed in Table 16.

Antipyretic agents do not prevent recurrent episodes or fe-
brile convulsions and should not be used specifically for this pur-
pose [6, 89]. Long-acting anticonvulsants are not recommended
as preventive measures, because it has been shown they do not
reduce the risk of recurrent episodes or epilepsy, and their pos-
sible adverse effects outweigh the potential benefits [85-87].
Prophylactic administration of paracetamol or ibuprofen is not
recommended in the prevention of febrile convulsions in chil-
dren (evidence level I; strength of recommendation E) [42].

CovID-19

The global SARS-CoV-2 pandemic affects all age groups.
Although paediatric cases are far less frequent than those ob-
served among adults, and the clinical course of infection is mild
(oligo- or asymptomatic) in 80% to 90% of patients, certain
groups of children are severely affected, and deaths have been
reported even in the youngest age population [90]. Paediatric
signs and symptoms are: fever, dry cough, rhinitis, sore throat
and fatigue, as well as diarrhoea or emesis in 10% of cases. Rare
cases of dyspnoea or hypoxia and paediatric inflammatory mul-
tisystem syndrome temporally associated with COVID-19 have
been observed [91]. There are no specific therapies available,
and adult treatments (remdesivir, convalescent plasma, tocili-
zumab) are of limited availability for children. In symptomatic
treatment, antipyretic agents are used in addition to hydration
and rest [92].

Despite initial concerns based on theoretical rationales and
groundless reports in social media, there is no evidence that
NSAIDs increase the risk in patients with COVID-19. This has
been confirmed by many national authorities and international
societies agreeing that there are no arguments suggesting that
patients with suspected or confirmed COVID-19 show worse
treatment outcomes with ibuprofen (or other NSAIDs) [93-96].
Moreover, the World Health Organization, who informed on
17 March 2020 that patients with COVID-19 should avoid ibu-
profen, withdrew their initial recommendations following
a quick systematic review of research studies [97]. Children with
suspected or confirmed COVID-19 should receive treatment
according to accepted guidelines that may involve the use of
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ibuprofen and paracetamol if clinically indicated. Individuals
on regular NSAIDs should not discontinue their therapy due to
COVID-19 concerns. As in the case of any treatment, benefits
and risks of known adverse effects should be considered on an
individual basis, and medicinal products should be administered
in accordance with their indications and contraindications for
use [98].

Summary

In children, fever is a manifestation of a broad illness spec-
trum, including both frequent self-limiting viral upper respira-
tory tract infections and serious, life-threatening conditions.

tory care indications and proper drug therapy or hospital
admission.

Paracetamol and ibuprofen are antipyretic agents recom-
mended in paediatric symptomatic treatment, but they are
not advised in combination or in alternating therapy except
in specific clinical situations. They may be administered for
post-vaccination fever and local reactions; however, they
are not recommended as preventive measures to reduce
fever incidence or local discomfort.

Ibuprofen and paracetamol products are not contraindi-
cated in children with asthma, though they must not be
administered for asthma induced by NSAID or paracetamol
intolerance.

Prophylactic administration of paracetamol or ibuprofen is

Diagnostic evaluation of a feverish child aims to assess
the risk of serious illness and life-threatening conditions,
as well as signs and symptoms of other specific diseases 6.
or self-limiting viral infections, and to apply appropriate
medical intervention. It is necessary to determine ambula-

not recommended in the prevention of febrile convulsions
in children.

Children with suspected or confirmed COVID-19 may be
treated with paracetamol and ibuprofen products accord-
ing to clinical indications and applicable dosing regimens.

APAP for children and Ibuprom for children are partners to Compass 2021 recommendation for fever in children.
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