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Abstract

Proper usage of antibiotics is a rather important subject that is often overlooked in
secondary education, which can provoke misconceptions among youth towards this
important topic. The aim of the study was to examine the knowledge and habits
regarding the usage of antibiotics in high school population. The research hypothesized
that the students would have an acceptable level of basic knowledge on antibiotics and
their usage, as students from all study programs are taught equally about antibiotics.
The research also examined whether parents’ affiliation in healthcare influences their

knowledge.

The study has discovered that most of the students have an acceptable knowledge on
the matter, with 59% being acquainted with the antibiotics’ mechanism of functioning.
The largest part (78%) was able to distinguish Paracetamol from antibiotics. However,
as much as 41% identified that they have taken antibiotics from different time than
prescribed and 31% admitted to having used antibiotics to treat viruses. A majority have
identified their doctor as their source for advice about treatment (67%).

The research shows that students” knowledge is generally constant among the groups,
regardless of the study course or parents’ affiliation in healthcare. The only exception
is that more students with parents’ working in healthcare have taken antibiotics for the
time prescribed (p<0.05).

Overall, students have demonstrated good theoretical knowledge with habits that
should be improved. Students need to be better acquainted with guidelines of proper
usage through informative campaigns and school projects.
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Introduction

Clinical effectiveness of antibiotics is directly
dependent on the manner of their usage [2, 5, 42].
Any improper, irrational use of antibiotics could

lead to the treatment failure, adverse side effects, or
development of antimicrobial resistance [5, 13, 19, 20,
40, 42]. According to the World Health Organization
(WHO), resistance to antibacterial /viral/parasitic/
fungal drugs occurs when microorganisms change

in ways that render the medication used to cure the
infections they cause ineffective [39]. During the first
20 years after Fleming’s discovery of penicillin (1928),
followed by the discovery of several other classes of
antibiotics, it seemed that bacteria-induced diseases
were defeated. Unfortunately, since then, almost
every type of bacterium had developed resistance

to one or more antibiotics in clinical use [3, 7, 30],
Escherichia colz, Klebsiella pnenmoniae, Staphylococcus
aureus, Streptococcus pneumoniae being the most
reported [14]. It has been estimated that antimicrobial
resistance causes 700 000 deaths per year; by 2050
this number may rise to 10 000 000 deaths per year
[29]. Bacterial resistance to antibiotics is a global
health emergency [33], since there are more and more
infections that become harder or even impossible to
treat. As in the pre-antibiotic era, the most common
infections and minor injuries could become lethal
again [3, 11].

Antibiotic misuse can be the consequence of
physicians’ error, like over-prescription [3]. It can also
be associated with consumers’ drug use habits and
their insufficient/incorrect knowledge of antibiotics
indications/contraindications, storage, dosage,
possible side effects and duration of therapy [6, 18,
42]. Taking antibiotics without a prescription (self-
medication), together with over-prescription, leads to
increased antibiotic consumption in the community,
which has been positively associated with bacterial
resistance [7]. The association is particularly strong in
South European countries, including Serbia, where
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antibiotic consumption is higher than in Northern
Europe [7, 30]. Strict guidelines for prescription and
antibiotic use resulted in lowest level of resistance in
Scandinavian countries, UK, and the Netherlands [4,
18, 19, 21, 36]. Belief that antibiotics can prevent and
cure any disease, that all types of infection (including
viral or fungal) should be treated with antibiotics,
that they can be effective as antipyretics, antitussics,
painkillers, are common misconceptions that lead

to the development of antibacterial resistance and,
consequently, increased morbidity, duration of
treatment, side effects, even premature mortality [5, 6,
9,10, 15,22, 23, 26, 27, 31, 40].

These worrying data related to antibiotics usage

have been the motivation for the conduction of this
research, which has encompassed a sample of 130
students of different age groups within a Serbian high
school located in the country’s third-largest city that
features a specialized clinical center [38]. The study’s
main objective was to examine the overall knowledge,
beliefs and habits of Serbian high school students
from the sample regarding antibiotics usage. The
secondary objective of the study was to determine the
influence of the study course as well as the students’
family background (i.e. if a person engaged in a
medical profession is present in the family) on the
students’ overall knowledge of antibiotics.

Currently, in the high school education program in
the country of study, antibiotics are briefly mentioned
in the Chemistry course in the fourth year of the
course of study as drugs used to treat common
infections of bacterial origin (population of 17 to

18 years of age) [34]. At the time of the study, no
participants had completed this chapter. Similar cases
of only a small part of the curricula devoted to study
of antibiotics have been reported in other European
countries, such as Portugal [S]. However, the base
of Biology courses in Serbian high schools include a



chapter on Bacteria and Viruses, which also includes
parts devoted to usage and functioning mechanism
of antibiotics. Information reported in this chapter
include the division of bacteria into Gram-positive
and Gram-negative species. Some examples of bacterial
diseases are cited along with the bacterium that causes
it, and a short passage is devoted to the advice about
treatment of bacterial diseases, emphasizing the
importance of medical guidance. In some textbooks
[8], a particularly strong emphasis is put on the fact
that antibiotics cannot be used to treat viral diseases.
During the course of this study, all the participants
have already completed the study of this chapter, as
it is studied in the first semester of the first year of
high school. Therefore, we hypothesize that Serbian
high school population will demonstrate knowledge
of clear distinction between the two types of diseases,
unlike some comparable groups in the region. In
addition, we expect that students will demonstrate
an acceptable level of basic knowledge on the

matter, which would include basic understanding

of mechanism of functioning, dosing regimens and
importance of medical advice when antibiotics are
used.

The importance of the study lies in the fact that the
studied age group represents a sample of a future
main antibiotic-consumer population. Assessing their
current knowledge helps determine their capacity

to use the medication in a way that is acceptable for
both them and their future generation. Furthermore,
the analyzed data on antibiotics usage undoubtedly
examines educational system’s attitude towards

the very important topic of antibiotics usage. The
revealing of possible misconceptions and bad habits
regarding the use of antibiotics would enable to
update the school curriculum, devise appropriate
awareness campaigns and therefore ameliorate the
students’ knowledge on such an important topic.

Materials and methods

Prior to any data gathering, the study was approved by
the school board of the public high school in Serbia
where the study was performed. The main method for
gathering data was conducting a questionnaire among
the surveyed parties. Students taking part in the survey
were between 15 and 18 years of age. In order to
comply with legislative norms of the country where
the study was performed, all the students under the
legal age of 18 were given consent forms for parents to
fill in. By signing these forms, parents gave informed
consent for their children to participate in the survey
by answering the enclosed questionnaire form, and
for this information to be processed and studied for
research purposes. Students of legal age have signed
the consent themselves. Participation in the study was
completely voluntary and included no compensation
or reward for participating parties.

Participating students were chosen randomly based
on the envelope method for each grade of high school.
Total number of participants was 130. Class names
were inserted in envelopes that were divided into
groups in reference to the study course. From each
grade and study course, one envelope was chosen, to
give a total number of eight surveyed classes. One class
was not surveyed due to a low number of students in
the class.

Prior to taking the survey, students were asked
whether they have ever taken antibiotics, to ensure
that students would be able to give answers to the
survey. Surveys were answered in a classroom setting.
Language of the survey was Serbian.

All the questions referred to the habits of students
regarding recent antibiotic usage throughout their
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Table 1. Yes-no questions used in questionnaire

No Question Possible

Answer

1. Have you ever taken an antibiotic for a longer or shorter time period than Yes/No

prescribed?

2. Do you consume alcohol when using antibiotics? * Yes/No

3. Does any member of your family nucleus work in a healthcare institution? Yes/No

4. Have you ever used antibiotics when a virus causes your disease, such as in Yes/No
case of common flu and cold?

5. Have you ever acquired antibiotics without prescription? Yes/No

6. After you consume an antibiotic, do you feel calmer? Yes/No

7. Is the Paracetamol** antibiotic? Yes/No

* Legal age in Serbia for acquiring both cigarettes and alcohol is 18 years of age. However, it is not uncommon that younger individuals have access

to these substances.

** Paracetamol is a commonly used analgesic or antipyretic drug in Serbia, whose USAN is acetaminophen. This drug is commonly marketed in

the USA as Tylenol.

Table 2. Assesment of agreement questions

No Question Possible Answer
1. I use antibiotics often on a monthly level for repeated treat- 1-2-3-4-5
ments.
2. I am well acquainted with antibiotics’ method of function. 1-2-3-4-5
3. I often miss my doses when taking an antibiotic. 1-2-3-4-5
4. Antibiotics can help us with most diseases (headache, fever, 1-2-3-4-5

hypertension, flu, etc.)
5. Name all the applicable advisors for your treatment when ill:  Parents in healthcare

Parents not in healthcare
Friends

Media/internet

Official doctor
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high school studies. The questionnaire distributed
among the groups included two main question
groups: simple questions requesting Yes/No answers,
and questions in which the surveyed individual was to
express the level of consent with the phrase given by
answering from 1 to 5 on the Likert rating scale, with
5 expressing highest level of agreement. Furthermore,
the questionnaire, although fully anonymous,
included personal questions that would help process
the data among groups for more effective analysis.
Design of the questionnaire was based on many
previous studies that have encompassed interviewees
from different backgrounds [1, 5, 9, 15, 21, 29, 36,
and 40].

First question group: yes-no answer

The first question group was designed to be simple
in appearance so that quantitative data can be easily
obtained. The questions are listed in the Table 1.
Questions were designed in a manner so that they
can mostly assess multiple points of interest at the
same time. Furthermore, the form of the question
was laid out in a manner so that it does not in any
way resemble a knowledge test, but rather a survey.
This was performed so that students do not put much
thinking when giving their answer, thus altering
the truth in order for their answers to seem more

plausible.

Second question group: assessment of
agreement — Likert Rating Scale

In the second group of questions, students were
asked to assess how much they agree with a given
sentence linked to antibiotics usage. These questions
were designed with the same idea as the questions

in the group one, with an aim to provide slightly
more in-depth information about students’ habits
about antibiotics’ usage. The possible answers were

numbered from 1 to 5, with number representing
levels of agreement, such as: 1 — 7 do not agree at all,
2 — I'mostly do not agree, 3 — Unsure/Don’t know,

4 — I partially agree, S — I agree completely, as per
the five-degree Likert rating scale. The questions are
enumerated in the Table 2.

Statistical methods

In order to better assess the results of the
questionnaire, all results have been quantified, first
represented by the number of students who gave a
particular answer to the question, then by percentile,
showing the percentage of a particular response in

the overall population of students. For the questions
where a scale of answers was expected, differently to
the simple Yes/No questions, a mode was determined
in order to show the most frequently chosen option,
similarly to a study conducted on awareness of
antibiotics in Norway [36]. In order to determine

the statistical importance of data obtained and its
connection to the studied factor, a common y2-test for
independence (Chi-squared test) was used where value
p<0.05 was considered significant.

Results

The study was conducted encompassing 130
participants, who have been offered a questionnaire
to fill in regarding their habits and knowledge of
antibiotics usage. Of 130 participants asked, 128
participants have completed the questionnaire

form as they have stated they had previously used
antibiotics. As to comply with the legislative norms,
all participants aged under 18, 72 of them (56%),
provided a parental consent, or a self-signed form

if over 18 years of age. The information about the
participants of the survey is provided within 7able
3. Participants in survey are students of the Science
and mathematics study course (62%), Languages and
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Table 3. The number of surveyed individuals

Number of Percentage in

students total population
All surveyed 128 100%
Students with a medical profession present in the family nucleus 69 54%
Students with no medical profession present in the family nucleus 59 46%
Students of the Sciences and mathematics study course 80 62%
Students of the Language and Humanities study course 43 34%
Not affiliated in a distinct study course 5 4%

Participants in survey are students of the Science and mathematics study course (62%), Languages and Humanities study course (34%) or not affiliat-

ed in any of the two main courses of study (4%). Overall, the participants of the study are equally distributed in respect to the presence of member of

the family affiliated in a medical profession (54% who have compared to 46% who do not).
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Figure 1. Answers to Yes-No questions
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Humanities study course (34%) or not affiliated in
any of the two main courses of study (4%). Overall,
the participants of the study are equally distributed
in respect to the presence of member of the family
affiliated in a medical profession (54% who have
compared to 46% who do not).

As seen in the Figure 1, most of the participants of the
study are aware of the risks of alcohol usage under a
therapy including antibiotics (91%). It is worth noting
that of all the participants, 63 (48%) were of the legal
drinking age, which is over 18. Only 26% have stated
a calming effect of antibiotics. Furthermore, only 22%
have incorrectly classified Paracetamol as antibiotic.
However, as much as 31% have tried to treat viral
diseases using antibiotics and as much as 32% have
admitted to acquiring antibiotics without an official
prescription. Moreover, 41% identified to have taken
antibiotics for different time than prescribed.

As seen in the Figure 2, only 18 participants (14%) have
admitted to a frequent monthly usage of antibiotics
(Mode: 1 - completely disagree). No other question
has, however, given such a polarizing answer, where

as much as 46% (n=59) of population expressed

doubt towards the regularity of their doses (Mode

2 — Partially disagree). Most of the population claims
they are aware of the functioning mechanisms of
antibiotics (59%, n=76, express a high level of certainty
(answers 4, 5; mode 4 — Partially agree), which is
slightly opposed to the given opinions whether the
antibiotics can be used against most common everyday
diseases, such as headaches, high body temperature,
hypertension, flu etc. (mode 3 — Unsure/Don’t Know,
38%, n=48).

Figure 3 represents the answers to the question asking
who the participants’ choice is when it comes to health
and disease treatment advice. For these questions,
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participants were asked to select all applicable answers,
giving a total of 163 answers. The majority of the
surveyed population answered Official doctor (86/128
participants or 67%). The next most frequent answer
was Family (69/128 participants or 54%). Of this
number, only slightly more numerous are participants
advised by parents not working in healthcare (38/128
participants, 30% of total population or 55% within
the answer Family). A small number of participants
also identified Friends as a source of information and
advice (2% of the total population) and Internet or
Media (3% of the total population).

This study also aimed to compare the answers of
participants who have and who do not have a family
member affiliated to medical profession, as well as
answers of participants following different study
courses. For a difference in answers to be considered
statistically significant the p value must be less than
0.05. No statistically significant difference has been
detected between the groups following different study
courses (p>0.05 constantly) and almost no statistically
significant difference was discovered between the
groups with a different family composition regarding
medical professionals. A statistically significant
difference was discovered, however (p=.045, p<0.05)
in answering question about taking the antibiotic for
shorter or longer periods than the prescribed time. In
the group of students with medical professionals in the
family, 23 out of 69 respondents answered that they
have done so (35%), while in the group of students
without medical professionals in the family, 30 out of
59 students answered affirmatively (52%) with a larger
obedience to the therapy period detected in the group
whose family members are affiliated to the medical
industry.

Discussion

This study aimed to examine the habits of antibiotic



Figure 2. Answers to questions with assessment of agreement
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use among students and the knowledge they possess.
Furthermore, we wanted to explain the obtained
results as well as compare them to similar studies done
around the world. Nevertheless, to our knowledge,
our study is one of the rare few that bases itself on
responses of high-school students [12]. By studying
these results, we would be able to observe if there is a
widespread problem of misuse and misunderstanding
of antibiotics among students that would bring into
question the way we currently approach the subject.
The results show whether a campaign is necessary to
improve students’ knowledge on the subject.

The questions were meant to assess: () students’
knowledge of antibiotics functioning mechanism, (b)
students’ habits when antibiotics usage is concerned,
(c) students’ understanding of effects of improper
antibiotics usage and (d) students’ capacity to
distinguish antibiotics from some commonly used
medicines. The questions have been designed in
compliance with some previous studies in Indonesia
[40], Portugal [S], Italy [21] and Oman [15]. The
following Table 4 enumerates all the questions in the
study with the points that they were meant to assess.

The questionnaire included the usual questions
regarding the acquisition of antibiotics, the
implementation of a dosing regimen and the usage of
alcohol. The question about members of the family
nucleus working in health institutions would help
assess whether a presence of a medical professional
would in any case contribute to a more controlled
usage of antibiotics.

Other questions were added in reference to the
particular mood regarding usage of medication in
Serbia. Being aware of the existence of a belief that
antibiotics are extraordinary medicine, able to prevent
and cure any disease [40] (representing a “magic
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bullet”, as put by the famous German Nobel prize
winner P. Ehrlich), we wanted to examine whether the
students would feel calmer believing the antibiotics
are bound to help them cure the disease. In reference
to this belief, a question about using antibiotics to
treat viral diseases was also added. It has been reported
that a common practice exists to use additional self-
medication even after receiving an official prescription
from a medical doctor [9, 15, and 40]. A large study
encompassing several developing countries by Pechere
et al [27] has also reported that antibiotics have been
used to treat viral diseases, which generally include
common flu and cold. This is why the students were
asked if they had used antibiotics to treat a diagnosed
viral disease. A similar tendency was observed in a
study in Oman [15] and Indonesia [40], where the
latter reported a very high rate of 74% of surveyed
parties believing antibiotics are useful in combat
against any disease.

Furthermore, the question about Paracetamol was
included as this is one of the most commonly used
analgoantipyretic drug in Serbia, especially for
treating young children. This is one of the medicines
that students are most acquainted with from early
childhood, and this is why it was important to assess
their knowledge on its nature, since some studies
reported that antibiotics are being used as antipyretic,
antitussives or analgesic drugs [9, 15].

Students from Serbia have demonstrated an acceptable
knowledge of antibiotics, as seen in Figure 1.

This is similar to the studies on the general public

in Indonesia [40] and Norway [36], and unlike
studies in general public in Kosovo [41] and a study
encompassing Chinese university students [37],
which has reported a massive cross-country misuse.

A majority of students from our sample (73%) do

not report feeling calmer after taking them and do

not consume antibiotics on their own (67%). Of the



Table 4. Study questions with their points

Statement / Question  Points | Statement / Question Points | Statement / Question Points
Does any member of A, C Have you ever taken an A, B, C [ Do you consume B, C
your family nucleus antibiotic for a longer or alcohol when using
work in a healthcare shorter time period than antibiotics?
institution? prescribed?
After you consume B,D Have you ever used A, B Have you ever B
an antibiotic, do you antibiotics when a virus acquired antibiotics
feel calmer? causes your disease, such as without prescription?
in case of common flu and
cold?
I am well acquainted A, C Is the Paracetamol an D I use antibiotics often B, C
with antibiotics’ antibiotic? on a monthly level.
method of function.
Name all the B I often miss my doses when B Antibiotics can A, C,

applicable advisors
for your treatment
when ill.

taking an antibiotic.

help us with most D
diseases.

Key. A - Students’ knowledge on antibiotics’ mechanism, B - students’ habits on usage, C - students’ understanding of effects of improper usage, D -

students’ capacity to distinguish antibiotics from other drugs.
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surveyed students, 78% were able to differentiate
analgoantipyretic Paracetamol — acetaminophen
from antibiotics, displaying their knowledge of the
most commonly used pharmaceutical drug in Serbia
that can be acquired without an official prescription.
Among surveyed students, 91% do not consume
alcohol during treatment. A study conducted in a
Serbian hospital [16] reported that 90% of under-
aged high school students have tried/occasionally
used alcohol, with 52.5% stating that they have
consumed alcohol in the 30 days preceding the study.
Taking these numbers into account, our results
could demonstrate awareness of the effects of alcohol
usage during treatment of illnesses. In case of certain
antibiotics, these include inhibition of the drug’s
effect or even violent physical reactions with alcohol
[32]. Additionally, alcohol usage in general can cause
fatigue, lack of energy, and therefore prolong recovery
from the illness, as described by the National Health
Service of UK (NHS) [24] and by the Mayo Clinic of
USA [35].

In general, these numbers reinforce our hypothesis
that students have a good basic knowledge of
antibiotic use, as they are aware that antibiotics have
no calming or analgoantipyretic effect and that alcohol
should not be consumed during treatment.

However, they seem to be less aware of the fact

that antibiotics are inefficient in treatment of viral
infections since 31% of them reported that they had
used antibiotics to treat viral diseases. This would
indicate that, contrary to our hypothesis, a large
number of students are still unaware that antibiotics
are not helpful against viruses. In addition, a worrying
41% has reported tampering with the dosing regimen.
So, despite their acceptable level of theoretical
knowledge, it seems that the students do not apply it
to their habits when it comes to consumption of the

drugs.
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As seen in the Figure 2, 59% express a high level of
certainty when it comes to understanding the effects
of antibiotic usage, similarly to a study conducted

in Indonesia [40]. It seems that the most students
consider themselves to be well informed about
antibiotics and their function. This is in agreement
with the result that only 5% agree completely with the
statement that antibiotics cure most diseases. Figure

2 indicates that with only 14% of students reporting
frequent usage of antibiotics on a monthly level, it is
safe to assume that the overuse of antibiotics is not a
major concern. What should be concerning, however,
is the fact that almost a half of surveyed students

were not aware of the importance of the adherence to
dosing regimens. This coincides with the results of a
study performed in China in a similar age group where
half of the questioned university students admitted
ceasing treatment 1-2 days after clinical improvement,
without finishing the full course of treatment [17].

It is worth noting that antibiotics often display the
desired effect before the entire treatment is complete,
as discussed by Bin Zaman et al [42] in reference to the
antibiotic resistance, and it is also highlighted in the
guidelines by the NHS [25].

Figure 3 shows that 67% of students address their
family doctor for medication, but 54% also report
that they consult their parents, with no significant
difference between those who are and are not affiliated
in the healthcare industry. These figures might be
explained by students’ belief that some everyday
ailments are not worth going to the doctor for, and
that their family members have enough knowledge
and experience to help them. Similar findings were
reported in studies done in Turkey [2], Italy [21] and
Cameroon [9] while in Kosovo only 0.6% consulted
family members [41]. Furthermore, with friends

and media/the internet being reported as 2% and 3%
respectively, it is clear that students do not consider
these sources as relevant when looking for advice
concerning treatment. This has reinforced our belief



that the education and the family nucleus remain
as the most prominent sources of knowledge on
antibiotics usage of the surveyed students.

The disparity among the answers of students with

and without a family nucleus member affiliated in

the healthcare industry was insignificant for most
questions. The only significant difference found

refers to the adherence to dosing regimen. Students
who have a family nucleus member in healthcare have
reported fewer disruptions of the prescribed regimen,
probably because they were warned (by a family
member) that in order to obtain the complete effect of
the prescribed medication, the full dose must be taken

[1].

It is worth noting that no dedicated health class exists
in Serbia. Thus, the only knowledge of the subject
that the surveyed students could have acquired
through their school studies would come from
biology classes, where antibiotics are relatively scarcely
covered, [8, 34]. Even though the study course of
science-mathematics is oriented towards life sciences
and chemistry more than the language-humanities
course in terms of time devoted to these subjects, the
differences between responses across all questions were
minimal. This is likely due to the fact that antibiotics,
unlike most topics related to science, are covered
equally by the two courses. The subject of bacteria and
viruses is studied during first year of biology [8] where
the program is identical for both language-humanities
and science-mathematics courses. In the time of
conducting the study, all the participants had already
completed the study of this chapter. Even though the
science-mathematics course is geared more towards
medicine or pharmacology, these fields are never
directly studied based on the official textbook [34].

A group of similar studies on high school students’

knowledge on the subject of antibiotics has been
conducted in Portugal [4, 5], where the topic is
covered once during the biology course. The surveyed
students from Serbia have demonstrated an overall
better level understanding of the subject of antibiotics
and their use than their peers despite the overall
similar distribution of the topic in the two curricula.
Compared to a large study done on university
students in China, the surveyed students in Serbia
were significantly less likely to buy antibiotics without
a prescription — 3/10 compared to 7/10, as well as
tending to consult their doctor more often compared
to the university students in China [28].

Conclusion

The results of the study lead to the conclusion

that a majority of interviewed high school students
understand the basic properties and use of antibiotics.
They are able to tell apart the other commonly used
analgopyretic Paracetamol from antibiotics and do
not consume alcohol during treatment. A majority go
to their doctor for advice and prescription. However,
many also choose to seck advice from their family,
regardless of whether the family member is affiliated
with the healthcare industry. The research has shown
that a premature interruption of prescribed treatment
is common, however it is less frequent among those
students whose family is in healthcare as compared

to others. Therefore, students need to be better
acquainted with the subject through informative
campaigns and school projects.
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