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Abstract

Antibiotics are an important aspect of pediatric medical treatment and infectious
diseases are the leading cause of child mortality. Antibiotics are the cornerstone
of the treatment for bacterial infections, and children received these drugs more
frequently than any other class of medication. Inappropriate use of antibiotics is
of international concern and promotion of appropriate and safe antibiotic usage is
the need of the hour. The high percentage of inadequate antibiotic prescriptions
in hospitals and the community is reported in the pediatric population around the
globe. The improper and excessive use of antibiotics in children leads to resistance
and adverse drug reactions (ADRs). Parents and prescribers influence the
prescription of antibiotics in children. It is reported that only proper educational
intervention by the right people with the right tools for both parents and prescribers
can sufficiently improve the problem of inappropriate antibiotic practices and
gradually eliminate the risk of antibiotic resistance. This narrative review paper
provides an overview of the use, ADRs, allergy, errors, and off-label usage of
antibiotics in children and also discusses the important role of the parents and
prescriber in the use of antibiotics therapy.

Oz

Antibiyotikler pediatrik tibbi tedavinin Onemli bir yoniidiir ve enfeksiyon
hastaliklar1 cocuk oOliimlerinin 6nde gelen nedenidir. Antibiyotikler, bakteriyel
enfeksiyonlarin tedavisinin temel tasidir ve c¢ocuklar bu ilaglar1 diger ilac
smiflarindan daha sik almistir. Antibiyotiklerin uygunsuz kullanimi uluslararasi

Keywords bir endige kaynagidir ve uygun ve giivenli antibiyotik kullaniminin tesviki saatin
Antibiotics, adverse drug reactions, ihtiyacidir. Hastanelerdeki ve toplumdaki yetersiz antibiyotik recetelerinin yiiksek
pharmacotherapy, pediatrics, resistance yiizdesi, diinya genelindeki pediatrik popiilasyonda bildirilmektedir. Cocuklarda

uygunsuz ve asir1 antibiyotik kullanimi diren¢ ve advers ilag reaksiyonlarina
(ADR’ler) yol acar. Ebeveynler ve recete yazanlar, cocuklarda antibiyotik regetesini
etkiler. Hem ebeveynler hem de regete yazanlar icin dogru araclarla, yalnizca
dogru kisiler tarafindan uygun egitim miidahalesinin, uygun olmayan antibiyotik
uygulamalart sorununu yeterince iyilestirebilecegi ve antimikrobiyal direng
riskini kademeli olarak ortadan kaldirabilecegi bildirilmektedir. Bu anlati gézden
gecirme belgesi, cocuklarda antibiyotiklerin kullanimi, ADR’ler, alerji, hatalar ve
endikasyon dig1 kullanimina genel bir bakis saglamakta ve antibiyotik tedavisinin
kullaniminda ebeveynlerin ve recete yazanin énemli roliinii tartigmaktadir.
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Introduction

World Health Organization (WHO) describe the
ideal medication for children as “a drug that suits
the child’s age, medical condition, and body weight
and is available in a flexible solid oral dosage form
that can be taken completely, diluted in a variety of
liquids or sprinkled on food, and making it easier for
children to take it (1). Infectious diseases are one of
the most common causes in the pediatric population
for seeking emergency treatment. More than 5
million children under the age of five die each year
worldwide, with pneumonia, diarrhea, malaria, and
other neonatal causes (2). These morbidities situations
can be treated with safe and effective medications.
Whereas, inappropriate usage of the medications has
led to adverse drug reactions (ADRs) and resistance
issues (3.4).

The promotion of appropriate and safe use of
drugs is a global need (5,6). Over the past decades,
the prevalence of antibiotic resistance (AMR) has
increased to bacteria that cause common infections in
children at a global level (1,3,4). The usage pattern of
antibiotics among children also vary between countries
(2,5,6). The role of prescribers and parents in the
appropriate use of antibiotics is crucial. In this mini
analysis, we discuss the use, ADRs, allergy, errors,
and off-label usage of antibiotics in children. We also
explore the important role of parents and prescribers in
the use of antibiotics therapy.

Antibiotics and Children

Antibiotics are a drug that prevents the growth of
microorganisms or kills them. The word antibiotic
means anti- against and biotic- used for life.
Antibiotics are the cornerstones of the treatment of
bacterial infections and children received these drugs
more frequently than any other class of medication
(7). However, the improper and excessive use of
antibiotics in children leads to resistance and ADRs
(6-8). The high percentage of inadequate antibiotic
prescriptions in hospitals and the community is
reported in the pediatric population around the globe
(8,9). The prescription of these medicines is reported
to be inappropriate in up to 30-50% of cases (9).
Antibiotics can also cause ADRs and drug toxicity on
the intestinal microbiota and enteric immune system
(8-10). The lack of relevant pediatric clinical trials
on antibiotics has led to a shortage of evidence-based
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knowledge (11). All the medical leaders and possibly
all members of society must be aware of the problem
of antibiotic resistance. A plan for an effective strategy
to increase appropriate antibiotic use around the world
is highly needed (7,12).

Adverse Drug Reactions

An adverse drug reaction (ADR) implies damage
from the use of medication. ADRs are further
divided into predictable and unpredictable reactions.
Predictable reactions are characterized as occurring
in healthy children, linked to known pharmacological
actions of the drug and typically dose dependent.
On the other hand, unpredictable reactions occur in
vulnerable children, unrelated to pharmacological
activities actions, and are not a dose dependent.
Unpredictable reactions may also be further subdivided
into drug intolerance, drug idiosyncrasy, drug allergy,
and pseudo-allergic reactions (13,14). Historically, the
impression has been given that children are at a lower
risk of ADRs than adults (15). While the majority of
this research has been done among adults, there are a
limited but growing number of studies that show that
children do have a significant risk for ADRs (15,16).
The fact that there is a significant risk of ADR in
children is partly due to known risk factors and partly
due to the nature of pharmacotherapy in children (17).
Antibiotics are significantly overused, and a certain
predictable rate of adverse reactions can be associated
with all classes of antibiotics. Multiple drug-resistant
infections are highly prevalent (10). Therefore, when
making treatment decisions every prescriber needs to
be aware of the very real risk of ADRs due to antibiotic
treatment.

Antibiotic Allergy

Based on the traditional Gell and Coombs
classification system, a common definition is to
categorize allergic reactions as either immediate
(response within one hour after the drug administration)
or non-immediate (response more than one hour
after the drug administration; often days to weeks).
These reactions can also be classified as Type I
(immunoglobulin [IgE]-mediated), Type Il (cytotoxic),
type III (immune complex), and type IV (delayed
hypersensitivity) (18). Data on the prevalence and
incidence of antibiotic hypersensitivity reactions are
limited, particularly in pediatric age and vary globally.
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Antibiotic allergy constitutes roughly 5-10 percent of all
adverse drug reactions (13,19). It was noted that ADRs
constitute a “major public health issue” in children.
Specifically, the recent focus is on the assessment of
children with antibiotic allergy such as beta-lactam
allergy due to the amoxicillin, which is the most used
drug in children and also causes well-known ADRs
(19). A key point for antibiotic allergy management is
to make a proper diagnosis and prescribe a safe and
effective alternative antibiotic (20,21). Furthermore,
there is an urgent need for the implementation of an
effective antibiotic stewardship program in pediatric
health care specialties. Therefore, the prescribers
should properly inform the caregiver about the risks
of avoiding certain types of antibiotics ADRs due to
allergy. Prescribers should be able to evaluate and/or
refer individuals with reported antibiotic allergy or
ADRs safely and efficiently and should know when
to perform diagnostic tests or desensitization (19,22).

Medication Errors

Medication error (ME) is described briefly as any
preventable incident that may lead to inappropriate
use of a drug or cause patient harm while the drug is
under the control of the health care provider, patient,
or consumer (23). Globally, per year ME’s economic
effect is estimated at United States Dollar (USD) 42
billion (24). ME has been reported to occur more
frequently in pediatrics than in other populations
(25,26). Potential contributing factors behind such
incidents may include: excessive use of unlicensed
or off-label medicines (25), lack of appropriate
dosing knowledge for children (26,27), the difference
in age, interpatient variation, need for stock drug
dilution (28,29), lack of computerized order entry
(COE) and unit-based clinical pharmacists (30). In
the pediatric treatment care situation, the error rate
may increase due to the speedy response and a large
number of prescriptions (23). The burden of mortality
and morbidity associated with ME is high and WHO
has pledged to a global work plan to reduce the harm
caused to patients by ME to 50% by 2022 (24).

A detailed and organized research work on
this topic would be desirable and possibly also
beneficial. Generally, raising the health care staff
awareness about this issue and relevant continuing
education alone results in fewer MEs. Access to
data on pediatric drug therapy (age-specific doses,

preparation, and contraindications) must be assured.
The data can be made available online or in the form
of tables or booklets that may be carried in staff
pockets. Prescriptions should be written on standard
prescription forms and the lowest possible number
and concentration of drugs should be used, whenever
possible. Where prescriptions are issued orally, a
communication structure must be established in which
a structured, complete request is made and repeated in
full by the recipient as confirmation (31,32).

Off-label Antibiotic Usage

Theusage of adrug thatis notincluded in the package
insert (approved labeling) for that drug is referred to
as “off-label” use (33). Off-label drug use remains
a major public health issue, particularly for infants,
young children, and children with rare diseases. It is
reported that many of the drugs prescribed to children
are reported to be used outside of their approved doses,
age ranges, indications and routes of administration
(34-36). Antibiotics are the most common drugs
administered to children (36-38). Off-label antibiotic
use can cause significant damage to the developing
fetus or infant, with one of the best examples being
the chloramphenicol-related grey baby syndrome (39),
and also resulting in many mild, but not negligible,
adverse events requiring hospitalization or additional
therapies (36,40). Unlicensed and off-label prescribing
is a global phenomenon (34). Regular research studies
in children are urgently required to reduce the off-
label drug use problems (36). Worldwide educational
campaigns should be introduced to enhance the
awareness of pediatricians about the use of antibiotics
in children and to minimize unregulated prescription
behaviors which could increase the risk of antibiotic
resistance (34).

Parents Role

Globally, a variation in antibiotic use practices
reflect differences in local drug policies, barriers to
access to treatment, and preferences of health care
providers and parents (9). Previous studies reported
that more than 40% of parents make errors while
dosing liquid medication (41,42). The other most
common errors committed by parents, such as the
use of a common spoon instead of a dispenser for
the administration of antibiotics, failing to shake the
contents of the bottle of antibiotics, not checking the
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expiry date on the packaging of the medication, not
knowing about the administration of the medication
with meals, dissolving the drug in the child’s milk,
insist on the same drug, stop the antibiotics once
symptoms subside and the child seems to be healthy,
rush to give the child antibiotics for recurrent or chronic
diseases and they do not inform the pediatrician about
potential allergies or side effects of the previously
used antibiotic (43 44).

Consequently,  parental = malpractices  and
overconsumption of antibiotics contribute to germ
resistance. Parents or careers should also understand
the nature of the illness, the course of antibiotics,
and should obey the pediatrician’s specific advice
on effective antibiotic therapy for their children (45).
Unfortunately, many parents have a bad habit of
having an antibiotic at home for “every event”. This is
a bad practice as only a qualified prescriber can decide
whether the child needs antibiotics and of course each
illness requires a different antibiotic. Parents should
avoid the use of unnecessary antibiotics when a child
becomes ill. The appropriate antibiotics for the specific
disease should always be prescribed by the doctor
(46). Multifaceted educational approaches involving
parents are needed for the rational use of antibiotics.

Prescriber Role

There are some additional challenges to the use of
antibiotics in children. The off-labeled and unlicensed
use of medicinal products is common, which may
increase the risk of preventable harm due to antibiotic
therapy (13). A small mistake in the dosage of
medication prescribed to children has a greater chance
of harm compared to adults. Pediatric prescription also
requires weight-related dose adjustments and other
dose calculations that are less common in adults (47).
Studies have indicated that prescribing antibiotics in
children is influenced by prescriber characteristics
such as the location of medical training, specialization,
years in practice, affiliation to the hospital, and type
of practice (private or clinic) (48-50). Prescribers
may feel that they do not have the time to adequately
monitor doses according to the child’s weight, which is
change with time and may, therefore, lead to incorrect
prescriptions being written and dispensed (47,51).
The availability of antibiotics without the prescription
of a doctor varies, and the laws limiting access to
antibiotics is still poorly enforced (52). Drug shortages
in some settings may be a significant limiting factor
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in antibiotic use. Also, cultural preferences s and high
parental demand affect antibiotic practices. Even if
prescribers are aware of the appropriate antibiotic
usage, there may be differences between knowledge
and practice exist (53).

It is recommended that an empiric therapy must
be followed when an infection is believed to be
responsible for a disease, but the actual pathogen has
not been identified. It includes the use of a broad-
spectrum antibiotic based on the identified signs
and symptoms and is undertaken to await tests from
the laboratory, which can take several days. On the
other side, when the pathogenic microorganism
responsible is already recognized or established,
definitive therapy can be initiated. This will normally
require the use of an antibiotic that is narrow
spectrum (54,55). The antibiotic option will also be
dependent on their cost (56). Furthermore, accurate
identification is important because it can minimize
the cost and toxicity of antibiotic therapy and reduce
the potential for resistance to antibiotics (55,57).
Although many of these practices are not considered
evidence-based antibiotic prescribing, they do occur
regularly (55,58). The intervention targeting health
care prescribers would have the greatest impact on
the use of antibiotics in the pediatric population.
Interventions such as academic detailing, periodic
training, and prescribing feedback have proved
successful in reducing inappropriate antibiotic usage
(56.58).

Conclusion

There is an urgent need to improve the quality of
antibiotic prescriptions in the pediatric population.
Because of the growing threat posed by antibiotic
resistance, adverse reactions, and other harmful
consequences, this has become a global health priority.
Rational prescribing practices and the pediatric
antibiotic stewardship programs (ASPs) must be
implemented in all countries including Turkey. Both
physicians and parents need simultaneous training
to reduce the overuse of antibiotics. It is concluded
that only proper educational intervention by the right
people with the right tools for doctors and patients
can sufficiently improve the problem of inappropriate
antibiotic practices and eliminate the risk of antibiotic
resistance, which insidiously results in major medical
and social problems.
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