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a b s t r a c t

Background: Antimicrobial resistance presents one of the most significant threats to public health. This 
study aimed to examine antibiotic usage within the general population in the Republic of Serbia and their 
knowledge, attitudes, and behavior concerning this topic.
Methods: We conducted an online cross-sectional study over two weeks in December 2022, on a sample of 
1014 respondents, representative of the Republic of Serbia’s population. Predictors of the Antibiotic 
Knowledge Score (composed of four questions) were analyzed by multivariate ordinal logistic regression.
Results: In 2022, 76.8% of the participants from the Serbian population had taken antibiotics, mostly upon a 
medical prescription, with the most common reasons being upper respiratory tract infections. Only 31.3% of 
all respondents received any kind of advice about the rational use of antibiotics and half of them changed 
their opinions on using antibiotics after receiving this information. The average Antibiotic Knowledge Score 
was 2.6 out of 4, with 32.5% of respondents answering all knowledge questions correctly. The multivariate 
ordinal logistic regression analysis showed that female gender, higher education level, and the willingness 
to change opinions regarding the usage of antibiotics after receiving information about the rational use of 
antibiotics from any available source were significant predictors of better knowledge about antibiotics use. 
Respondents who were open to changing their opinion after receiving information about the rational use of 
antibiotics had 28% higher odds of higher antibiotic knowledge scores.
Conclusion: This is the first population-level study on public knowledge, attitudes, and practices about 
antibiotic use in Serbia and therefore the baseline for future research and measuring the impact of potential 
interventions. Our findings underline the importance of taking into account specific population char-
acteristics, knowledge levels, and attitudes when designing educational and intervention strategies for 
antibiotic use. Policymakers can leverage these findings to target specific groups and enhance the popu-
lation’s knowledge and practices regarding rational antibiotic usage.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).

Introduction

The discovery of antibiotics is among the most critical achieve-
ments in medicine. However, antimicrobial resistance (AMR) is in-
creasingly being perceived as one of the most significant threats to 
public health today [1–5]. AMR can be defined as the ability of mi-
croorganisms to resist antimicrobials to which they were previously 
susceptible [6]. It has many consequences, including severe illness, 
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hospital admissions, higher costs of second-line drugs, increased 
overall healthcare costs, and a higher mortality rate [7–9]. AMR is a 
phenomenon that recognizes no geographical boundaries and poses 
a substantial threat to public health worldwide. Different factors 
contribute to the spread of AMR, including self-medication or taking 
antibiotics without a prescription [2] and the overprescription of 
antibiotics [8,10,11]. Studies show an increase in the consumption of 
antibiotics in the past decades [12,13]. Among other reasons, this 
increasing trend could be related to inappropriate prescription 
practices in primary healthcare in low- and middle-income coun-
tries [11]. The COVID-19 pandemic has brought new challenges to 
the consumption of antibiotics. Some studies conducted during the 
pandemic have shown increased irrational use of antibiotics, which 
may lead to a further increase in AMR [14–16]. Treatment protocols 
during the COVID-19 pandemic included antibiotic usage, and fur-
ther studies could provide additional evidence for a better under-
standing of antibiotic consumption during the pandemic caused by 
the SARS-CoV-2 virus.

The Republic of Serbia is a middle-income country, with 
7.186.862 inhabitants (according to the 2011 Population census). It 
had adopted the National Antibiotic Resistance Control Programme 
for the period 2019–2021 (17), with specific objectives, but the im-
plementation of its measures should be further monitored. In Serbia, 
80% of all antibiotics are prescribed for outpatient conditions [18]. 
An established system in Serbia, which is composed of the National 
Reference Laboratory for the Registration and Monitoring of Bac-
terial Strains Resistance to Antimicrobial Agents and a national 
network of 22 clinical laboratories (covering more than 60% of the 
Serbian population), monitors the susceptibility of invasive isolates 
from blood and cerebrospinal fluid to antibiotics, using the same 
methodology as that of the European Union countries, according to 
applicable international standards [17]. Serbia is a part of the 
CAESAR network (Central Asian and Eastern European Surveillance 
of AMR) [19]. According to data from the National Reference La-
boratory for AMR, Serbia ranks among European countries with the 
highest percentage of resistant isolates [19,20]. This highlights the 
necessity of undertaking more decisive measures for the rational use 
of antibiotics and conducting research to examine and explain the 
general population’s knowledge, attitudes, and behaviors related to 
antibiotic use.

Taking into account that people’s knowledge, attitudes, and be-
haviors are of utmost importance for establishing and ensuring the 
rational use of antibiotics, the Directorate General for Health and 
Consumers of the European Commission of the European Union has 
conducted a series of surveys among the general population to 
monitor their levels of usage and knowledge about antibiotics [6]. 
Surveys were conducted in 2009, 2013, 2016, and 2018 to track 
progress on public use of and knowledge about antibiotics [6]. The 
periodic conduction of such surveys allows for monitoring changes 
in the public’s use of antibiotics over time. This is crucial for asses-
sing the effectiveness of control measures and educational in-
itiatives. By employing similar or partially adapted methodologies as 
other countries worldwide, we can place our findings in an inter-
national context, facilitating the exchange of best practices and ex-
periences [21–24]. This research aims to determine the patterns of 
antibiotic use among the Serbian population and further explore the 
specific factors that could be associated with antibiotic usage.

This is the first population-based study on knowledge, attitudes, 
and practices in Serbia. There was research conducted in 2015 
among adults who consulted general practitioners at four health 
centers in Novi Sad (the second-largest city in Serbia), to investigate 
the knowledge, attitudes, and behavior regarding antibiotics [25]. 
This study indicated that larger-scale research is needed where a 
more heterogeneous population mix would define further scope of 
antibiotic use and misuse among Serbian adults [25].

Methods

The cross-sectional study was conducted in December 2022, and 
the 25 questions in the questionnaire refer to the previous 12 
months, while there was still a COVID-19 pandemic. The target po-
pulation was the population of the Republic of Serbia. Demographic 
attributes in the sample, designed to be representative of the 
Republic of Serbia, were established based on data from the 2011 
census conducted by the Statistical Office of the Republic of Serbia. 
This included the urban and rural population distribution, with 
urban populations accounting for 60.0% and rural populations 
making up the remaining 40.0%. These demographics spanned across 
four regions in the Republic of Serbia: Vojvodina, Belgrade, Western 
Serbia with Šumadija, and Eastern and Southern Serbia. 
Furthermore, the demographic characteristics encompassed gender, 
age, and educational profiles of the respondents, aligning with the 
structure of the 2011 census data. A sample size of 634 respondents 
is necessary to provide a statistically reliable assessment of the 
frequency of adequate knowledge, with a precision of 2%, a reliability 
coefficient of 0.95, and an assumed frequency of the researched 
phenomenon at 7.1% [22]. The method of selecting participants for 
this study was executed through a robust three-stage stratified 
sampling approach. The stratification was performed based on 
geographical and administrative divisions within the Republic of 
Serbia, ensuring a representative sample from different levels of 
urbanization and demographic clusters. The first stage included 
Municipalities and Cities which were chosen as primary sampling 
units. This stage was crucial for ensuring the regional representation 
of respondents. The second stage included the selection of the re-
spondents from local communities (where ’local communities’ refer 
to specific areas within cities and municipalities, including rural 
areas). The probability of choosing a particular local community was 
directly proportional to its population size, ensuring that larger 
communities had a greater chance of being selected, but smaller 
ones were not overlooked. The third stage included the individual 
respondent selection within each selected local community, where a 
set number of individuals were chosen with equal probability. This 
design ensured that every individual within the chosen communities 
had an equal probability of being selected to participate, minimizing 
potential biases. The contact details of potential respondents were 
sourced from a dedicated email address database maintained for 
surveys. This was done under the strict adherence to national 
privacy protection standards. The Public Opinion Research Agency 
entrusted with the study’s execution, ensured that the sampling was 
both randomized and aligned with the sampling requirements.

The research was conducted online using a computer-assisted 
survey (Computer Aided Web Interviewing - CAWI) method for 
gathering data, in which the respondent filled out an online survey 
posted on a website. This approach enabled fast, reliable, and ac-
curate data collection. At the beginning of the questionnaire, re-
spondents were informed that participation was voluntary and 
anonymous. The flow and sequence of questions were predefined 
through automatic filter options based on the respondent’s answers 
to previous questions, preventing possible logical errors. 
Respondents were free to complete the online questionnaire at lei-
sure, without pressure. This method also facilitated data collection 
from remote geographical areas and access to specific target groups 
within the general population.

Approval to conduct the research was obtained from the Ethics 
Committee of the Institute of Public Health of Belgrade (V-2 no. 86/ 
2/2022). Before researching a sample of the general population of 
the Republic of Serbia, the questionnaire was tested on a smaller 
sample at the Institute of Public Health of Belgrade, enabling us to 
verify the clarity and comprehensibility of the questions for the re-
spondents.
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Research instruments

Our research utilized the Eurobarometer questionnaire [6] (with 
the permission of the Directorate-General for Communication Unit - 
Europe Direct reply no. 457661/2021, stating that the reuse of the 
document by third parties is permitted according to Commission 
Decision 2011/833/EU of 12 December 2011, under Article 6 of the 
Reuse Decision, with reuse subject to acknowledgment of the 
source). The research covered the following areas: the use of anti-
biotics in the previous year and their acquisition methods; the rea-
sons for taking antibiotics; whether any test was conducted to 
determine the cause of the illness before taking antibiotics; the 
Antibiotic Knowledge Score (AKS) consisting of four items, which 
measured the levels of knowledge about the nature and effective-
ness of antibiotics as well as the risks associated with their un-
necessary use; whether the general public has been informed about 
unnecessary antibiotic use and the influence of this information on 
their behavior; their interest in learning more about antibiotics, 
along with perceptions of the most reliable information sources [6]. 
Given that the research was conducted during the ongoing COVID-19 
pandemic, we included questions related to the use of antibiotics 
during the pandemic to gain a broader insight into antibiotic usage 
during this specific period.

Respondents demonstrated their knowledge about antibiotics by 
answering 4 questions - Antibiotics kill viruses (false); Antibiotics 
are effective against colds (false); The unnecessary use of antibiotics 
makes them become ineffective (true); Taking antibiotics often has 
side effects such as diarrhea (true). The Antibiotic Knowledge Score 
(AKS) is calculated based on participants’ responses to these four 
items. Each respondent is assigned a knowledge score, which reflects 
the number of correct answers they provided to these items. 
Knowledge questions had three response options: ‘Yes’, ‘No’, and ‘I 
don’t know’. Correct knowledge responses were assigned 1 point 
while incorrect responses scored 0 points - maximum AKS was 4 
points and minimum 0 points.

The statement “willingness to change opinions regarding the 
usage of antibiotics after receiving information about the rational 
use of antibiotics from any available source” (doctor, nurse, phar-
macy, hospital or other health care facility, family or friends, a 
health-related website, social networks, and mass media) was based 
on the participants answers on 2 questions – If they have received 
some information on rational use of antibiotics and whether the 
information they received influenced a change in their opinion re-
garding the use of antibiotics.

Statistical Methods

Results were presented as frequency (percent). Datasets for 
continuous numerical variables were described using mean and 
standard deviation, while attributive variables were described using 
frequency and percentage. For testing the hypotheses on the differ-
ence between frequencies, the following tests were used: Chi-square 
Test, Fisher’s exact test, and McNemar’s Test. Predictors of the 
number of correct answers of knowledge about antibiotics were 
analyzed by multivariate ordinal logistic regression. All p-values less 
than 0.05 were considered significant. Statistical data analysis was 
performed using IBM SPSS Statistics 22 (IBM Corporation, Armonk, 
NY, USA) and R-4.0.0 software (The R Foundation for Statistical 
Computing, Vienna, Austria).

Results

A total of 1014 respondents participated in the research (while 65 
did not respond to the survey), with an average age of 43.4  ±  12.9 
years, of which 54.2% were women (Table 1). The lowest re-
presentation were respondents with very poor and poor health (0.2% 

and 3.4%) and respondents who had completed elementary school 
(1.7%). Most of the participants were individuals with a moderate 
financial status (50.3%), as well as employees in the private sector 
(48.7%) (Table 1). Regarding frequency distribution by region (above 
mentioned four regions in the Republic of Serbia), respondents were 
evenly represented, ranging from 20.9% in Eastern and Southern 
Serbia to 27.6% in Vojvodina.

The average Antibiotic Knowledge Score in the population of 
respondents was 2.6 out of 4. The share of respondents who did not 
have a single correct answer to these 4 statements is 7.3%, while 
32.5% of respondents gave correct answers to all 4 questions. About a 
quarter of respondents had two correct answers, and almost the 
same proportion of respondents had three correct answers out of 
four. (Fig. 1).

The majority of respondents, 779 of them (76.8%), had taken 
antibiotics in the previous 12 months, 611 of them (78,6%) upon a 
doctor’s prescription, while 57.8% of those respondents who used 
antibiotics had undergone blood or urine test, or throat swab test 
before or at the same time with the antibiotic administration 
(Table 2). The most common reasons for using antibiotics were 
complaints and symptoms related to upper respiratory tract 

Table 1 
Frequency distribution by categories of demographic features, health and social status 
of respondents, and antibiotic use in the total study sample (N = 1014). 

Variable Categories f %

Gender Man 464 45.8
Women 550 54.2

Age category (years) 18 – 29 167 16.5
30 – 44 387 38.2
45 – 59 333 32.8
≥60 127 12.5

Self-rated health Very bad 2 0.2
Bad 34 3.4
Average 261 25.7
Good 520 51.3
Very good 197 19.4

Education Elementary school 17 1.7
Secondary school 473 46.6
College and university 524 51.7

Socio-economic status Very bad 16 1.6
Bad 73 7.2
Average 510 50.3
Good 355 35.0
Very good 60 5.9

Work status Employed in the public sector 241 23.8
Employed in the private 
sector (Entrepreneur)

494 48.7

Farmer 13 1.3
Unemployed 134 13.2
Student 30 3.0
Retired (Pensioner) 102 10.1

Region Vojvodina 280 27.6
Belgrade 256 25.2
Eastern and Southern Serbia 212 20.9
Western Serbia and Šumadija 266 26.2

Use of antibiotics in the last 
12 months

Yes 779 76.8
No 226 22.3
Refusal 1 0.1
Don’t know 8 0.8

f e frequency.

Fig. 1. Knowledge about antibiotic use - Antibiotic knowledge score (AKS). 
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infections: sore throat 9.7%, cold 22.7%, cough 20.7%, and rhino-
pharyngitis 17.5%. Diarrhea and skin or wound infections were the 
least frequent reasons for using antibiotics (2.8% and 5.0%). (Table 2).

Respondents who used antibiotics compared to those re-
spondents who did not use antibiotics were more often female 
(56.7% vs. 46.0%), were less likely to be in the age category ≥60 
(10.4% vs. 19.5%), and less likely to report very good health (16.8% vs. 
29.2%). Respondents who used antibiotics more frequently knew 
that taking antibiotics often has side effects such as diarrhea (71.5% 
vs. 58.0%). (Table 3).

Less than a third of our study’s participants (318 respondents or 
31.3%) reported that they had received any kind of advice about the 
rational use of antibiotics in 2022, and around half of those parti-
cipants who received advice (158) reported that the advice con-
tributed to a change in their opinion about antibiotics use. The 
respondents who used antibiotics more often expressed a need for 
additional information about resistance to antibiotics, how to use 
antibiotics, prescribing, and diseases for which antibiotics are used 
(Table 4).

The multivariate ordinal logistic regression model contains 7 
predictors of the level of knowledge about antibiotics listed in Fig. 2. 
The whole model was statistically significant (p  <  0.001).

In the multivariate ordinal logistic regression model, statistically 
significant predictors of a higher level of knowledge about anti-
biotics were female gender (OR=0.55; p  <  0.001), higher level of 
education (OR=1.44; p = 0.001) and the openness to changing the 
opinion after receiving information about the rational use of anti-
biotics (OR=1.28; p = 0.046). Male respondents have 45% lower odds 
for each higher level of antibiotics knowledge, controlling for all 
other factors in the model. With the increasing level of education, 
the odds for each higher level of antibiotics knowledge increased by 
44%, controlling for all other factors in the model. The respondents 
who changed their opinion after receiving information about anti-
biotic use have 28% higher odds for a higher level of knowledge 
about antibiotics while controlling for all other factors in the model.

Discussion

Our research showed a higher prevalence of antibiotic use among 
the Serbian population (76.8%), compared to the European Union 
countries where less than half of all respondents have taken anti-
biotics [6]. However, there is a difference in antibiotic usage between 
EU countries and while nearly half of respondents in Italy have taken 
antibiotics (47%), less than a quarter of respondents in Poland and 
Slovenia (both 24%), Germany (23%), the Netherlands (21%) and 
Sweden (20%) say that they have done so [6]. Here it must be em-
phasized that the research in Serbia was conducted during the 
COVID-19 pandemic, and different studies have already shown in-
creased antibiotic consumption during the pandemic [26–29].

National Antibiotic Resistance Control Programme Republic of 
Serbia includes activities of continuous education of health profes-
sionals on policies for prescribing, dispensing, and using antibiotics 
as well as updating university curricula to include rational use of 
antibiotics and antimicrobial resistance [17]. The specific goal of the 
Action Plan of the Serbian National Antibiotic Resistance Control 
Programme was that 42% of the population became familiar with the 
fact that the cold and flu are not treated with antibiotics. According 
to our results, this goal is achieved, since 49.7% of the participants 
who used antibiotics knew this fact and even 60.6% of the partici-
pants who didn’t use antibiotics have that knowledge.

The majority of the respondents who used antibiotics in the last 
12 months in Serbia stated that they had a doctor’s prescription, 
which may indicate the effectiveness of measures undertaken by the 
National Antibiotic Resistance Control Program for 2019–2021, in-
cluding control of dispensing antibiotics only by prescription [17]. 
Since nearly 80% of participants used antibiotics by prescription, it is 
very important to educate health professionals, especially doctors in 
primary health care who are prescribing antibiotics to patients. 
However, 21.3% of respondents didn’t have a doctor’s prescription for 
taking antibiotics, which is a larger share compared to the average of 
EU countries [6]. In the EU countries, the vast majority of 

Table 2 
Frequency distribution by categories of application and prescription of antibiotics, medical analyses performed before or with the application of antibiotics, and the reason for 
their last taking. 

Variable Category f %

Use of antibiotics in the last 12 months (orally as tablets, powder, or syrup) Yes 779 76.8
No 226 22.3
Refusal 1 0.1
Don’t know 8 0.8

How did you obtain the last course of antibiotics that you used? From a medical prescription 611 78.4
I had some leftovers from a previous 
course

78 10.0

Without a prescription from a 
pharmacy

68 8.7

Without a prescription from 
elsewhere

20 2.6

Don’t know 2 0.3
Did you have a test, for example, a blood or urine test, or throat swab, to find out what was causing your illness, 

before or at the same time as you started antibiotics?
Yes 450 57.8
No 311 39.9
Don’t know 18 2.3

The reason for last taking the antibiotics Pneumonia 52 6.7
Bronchitis 80 10.3
Rhino pharyngitis 136 17.5
Flu 111 14.2
Cold 185 23.7
Sore throat 231 29.7
Cough 161 20.7
Fever 177 22.7
Headache 78 10.0
Diarrhea 22 2.8
Urinary tract infection 87 11.2
Skin or wound infection 39 5.0
Other 124 15.9
Don’t know/Don’t want to answer 7 0.9

f e frequency.
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respondents obtained antibiotics via medical prescription from a 
healthcare professional (93%) and around 7% have taken antibiotics 
without a prescription, but this varies from 1% to 15% in EU countries 
[6]. Of all participants who used antibiotics without a prescription, 
the largest number had some left-overs from a previous course 
(10.0%), but some participants managed to get antibiotics without a 
prescription from a pharmacy (8.7%), which is against the regula-
tions, and a few took antibiotics without a prescription from else-
where (2.6%). These results indicate the directions of action to 
mitigate the growing threat of antimicrobial resistance, which re-
quires comprehensive and coordinated activities in the government 
control of implementation of regulations, but also the education of 

healthcare professionals, the pharmaceutical industry, and the 
public to ensure the responsible use of antibiotics.

The most common reasons for antibiotic use in the Serbian po-
pulation were symptoms related to upper respiratory tract infec-
tions, including sore throat, cold, cough, and rhinopharyngitis, which 
is similar to the previous research [6]. In contrast, diarrhea and skin 
or wound infections were the least common reasons. More than half 
of our respondents did some test to find out the cause of the illness 
before or at the same time as starting the antibiotics therapy, but 
still, there was a large share of respondents who didn’t do any test 
before, or at the same time as starting therapy (39.9%), or didn’t 
know if they had a test (2.3%). This indicates the need for better 
information and education for the general public and even for 
medical professionals about the risks associated with unnecessary 
use of antibiotics.

The average Antibiotic knowledge score in the Serbian popula-
tion was 2.6 out of 4, which is a higher knowledge score compared to 
the Japanese population [22] and a very similar average score 
compared to the EU population. The highest score was reported in 
Finland and Sweden (3.1 out of 4) and the lowest score was reported 
in Latvia and Romania (2.1 out of 4). [6] These initial findings enable 
the monitoring of the change in Antibiotic knowledge scores in the 
Serbian population in the future. Here, it must be emphasized that 
the research in Japan was conducted in 2017 while our research was 
conducted in 2022, which may present a potential limitation for 
comparison. On the other hand, research in Japan was also con-
ducted online, using the very similar methodology to our research. 
The knowledge scores of our respondents are more similar to the 
knowledge scores of the inhabitants of the EU. More of our re-
spondents have knowledge that antibiotics don’t kill viruses 

Table 3 
Demographic characteristics, health and social status, and knowledge about antibiotics. 

Variable Category Use of antibiotics in the last 12 months p-value (test statistics)

Yes (n = 779) No (n = 226)

Gender Men 337 (43.3%) 122 (54.0%) p = 0.004 
(χ2 =8.116)Women 442 (56.7%) 104 (46.0%)

Age category (years) 18 – 29 142 (18.2%) 23 (10.2%) p = 0.002 
(U=76635.0)30 – 44 296 (38.0%) 90 (39.8%)

45 – 59 260 (33.4%) 69(30.5%)
≥60 81 (10.4%) 44(19.5%)

Self-rated health Very bad 2 (0.3%) 0 (0.0%) p = 0.001 
(U=76071.5)Bad 25 (3.2%) 9 (4.0%)

Average 213 (27.3%) 46 (20.4%)
Good 408 (52.4%) 105 (46.5%)
Very good 131 (16.8%) 66 (29.2%)

Educational background Primary school 13 (1.7%) 4 (1.8%) p = 0.661 
(U=86556.0)Secondary school 366 (47.0%) 102 (45.1%)

College or University 400 (51.3%) 120 (53.1%)
Socio-economic status Very bad 11 (1.4%) 5 (2.2%) p = 0.725 

(U=86792.5)Bad 57 (7.3%) 16 (7.1%)
Average 387 (49.7%) 114 (50.4%)
Good 278 (35.7%) 77 (34.1%)
Very good 46 (5.9%) 14 (6.2%)

Employment status Employed 593 (76.1%) 150 (66.4%) p = 0.002 
(χ2 =14.380)Unemployed 99 (12.7%) 33 (14.6%)

Student 23 (3.0%) 6 (2.7%)
Retired (Pensioner) 64 (8.2%) 37 (16.4%)

Region Vojvodina 196 (25.2%) 78 (34.5%) p = 0.014 
(χ2 =10.633)Belgrade 195 (25.0%) 61 (27.0%)

Western Serbia and Šumadija 216 (27.7%) 48 (21.2%)
East and South Serbia 172 (22.1%) 39 (17.3%)

Knowledge about antibiotics Antibiotics kill viruses (false) 460 (59.1%) 130 (57.5%) p = 0.681 
(χ2 =0.169)

Antibiotics are effective against colds (false) 387 (49.7%) 137 (60.6%) p = 0.004 
(χ2 =8.402)

The unnecessary use of antibiotics makes them become 
ineffective (true)

657 (84.3%) 190 (84.1%) p = 0.922 
(χ2 =0.010)

Taking antibiotics often has side effects such as diarrhea (true) 557 (71.5%) 131 (58.0%) p  <  0.001 
(χ2 =14.867)

χ2 e Chi square test; U e Mann-Whitney test.

Table 4 
Need for additional information regarding antibiotic use. 

Need for additional 
information regarding 
further antibiotic use

Use of antibiotics in the last 
12 months

p-value (test 
statistics)

Yes  
(n = 779)

No  
(n = 226)

Resistance to antibiotics 351 (45.1%) 46 (20.4%) p  <  0.001 
(χ2 =44.735)

How to use antibiotics 329 (42.2%) 57 (25.2%) p  <  0.001 
(χ2 =21.432)

Diseases for which antibiotics 
are used

387 (49,7%) 82 (36,3%) p  <  0.001 
(χ2 =12,630)

Prescribing antibiotics 175 (22,5%) 35 (15.5%) p = 0.023 
(χ2 =5160)

Links between human, 
animal, and 
environmental health

216 (27,7%) 70 (31,0%) p = 0.341 
(χ2 =0906)

χ2 e Chi square test.
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compared to EU and fewer of our respondents know that antibiotics 
are not effective against colds. There were very close shares of the 
respondents in the EU and Serbia that provided correct answers to 
the remaining two knowledge questions (that the unnecessary use 
of antibiotics makes them become ineffective and that taking anti-
biotics often has side effects such as diarrhea). Again, we must 
emphasize that the research in the EU was conducted in 2018 while 
our research was conducted in 2022, which may present a potential 
limitation for comparison.

The respondents who were aware that inappropriate use of 
antibiotics can cause side effects such as diarrhea were more 
likely to use antibiotics. This finding might confirm that knowl-
edge about appropriate antibiotic use does not always translate 
into behavior patterns [25]. Studies identified various factors in-
fluencing behavior related to antibiotic use, apart from knowl-
edge. These factors include attitudes, beliefs, subjective norms, 
opinions of persons in one’s social network, self-efficacy, and 
ability to obtain antibiotics [30,31]. Even though it was demon-
strated that knowledge influences behavior, the relation is not 
direct, and recent research attempted to test mechanisms linking 
knowledge and behavior related to antibiotic use based on various 
models of health behavior such as the Health Belief Model, Theory 
of Planned Behavior, and Patient-Centered Communication Theory 
[31–33]. However, tested models explain a relatively small part of 
the variance in behavior. On the other hand, the research on 
prescribing is very important too, since many factors may affect 
prescribing behaviors, such as socio-cultural context, financial 
incentives, personal beliefs, patients’ attitudes, and AMR aware-
ness [11]. Therefore, it is crucial to develop targeted educational 
and other specific interventions to bridge this knowledge-beha-
vior gap [8]. Experiences from different countries show the im-
portance of the implementation of specific interventions aimed at 
combating AMR and monitoring their effects [8,34]. Although the 
long-term effects and effects on behavior are uncertain, some 
educational interventions were proven to be successful in 
knowledge transfer among different age groups [35]. The use of 
video in health promotion topics can bring a positive change in 
the knowledge of the public since videos are easy to watch and 
listen to, so the study from Lo et al. recommended educational 
intervention on the elderly utilizing multimedia in knowledge 
transfer concerning AMR [35]. Those findings should also be 
considered in the light of wide use of the internet and social 
networks as potentially important tools for the population’s 
educational interventions.

Our research showed that older individuals (60 years and older) 
used antibiotics less frequently in the previous year compared to 
other age groups. This is contrary to another survey, which identified 
the elderly as heavy users of antibiotics [36]. Among other factors 

that may influence antibiotic usage, the measures during the COVID- 
19 pandemic aimed at protecting the health of older citizens should 
be mentioned here.

Respondents who reported very good health were less likely to 
use antibiotics, which emphasizes the importance of prevention and 
health improvement in general, but also shows the significance of 
establishing antimicrobial stewardship as a strategy, and a coherent 
set of actions that promote the responsible use of antimicrobials in 
the whole population [37]. While in our research we relied on the 
participants’ self-assessment of their health status, future studies 
could further explore the specific health-related factors that might 
be associated with antibiotic use. The qualitative studies conducted 
after the quantitative could explore more deeply the potential di-
rections of changing views about the use of antibiotics after different 
educational interventions.

Since less than a third of study participants were informed about 
the proper use of antibiotics in 2022, it underscores the need for 
campaigns to raise awareness about the rational use of antibiotics 
and antimicrobial resistance. As a significant predictor of a higher 
level of knowledge about antibiotics our study results showed: fe-
male gender, higher level of education, and willingness to change 
their opinion after receiving information about the rational use of 
antibiotics. The respondents in our research who changed their 
opinion after receiving information about antibiotics have higher 
odds of better knowledge about antibiotic use. This finding shows 
that when people receive information and their views on antibiotics 
change as a result, it may lead to a better overall understanding and 
awareness. This is an important positive incentive for future edu-
cational interventions. It may emphasize the need for more perso-
nalized patient care and intervention strategies in antibiotic 
consumption, which is already cited as an important future trend 
[38,39]. In line with these findings, the respondents who used an-
tibiotics compared to those who did not, were more open to learning 
about the antibiotic’s usage, more frequently wanted additional in-
formation about resistance to antibiotics, and about the diseases for 
which antibiotics are used.

Strengths and limitations

The cross-sectional design of the study requires scrutiny of the 
potential risk of bias [40]. While the study’s strengths include the 
large and comprehensive sample of the general population, the 
overrepresentation of higher educational levels in the study sample 
indicates potential selection bias. An online questionnaire, as a 
survey tool, enables data gathering from respondents who live in 
remote geographical areas of the country and provides access to 
specific target groups of the general population. However, potential 
limitations of online data gathering are the lack of internet 

Fig. 2. Graphics presentation of the ordinal logistic regression with the level of knowledge about antibiotics as the dependent variable. 
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connection in some areas, and the absence of an interviewer to assist 
the respondent and clarify questions in person when necessary. It 
potentially may result in lower quality or incomplete surveys. Self- 
administered surveys present challenges in interpreting questions as 
it is a "one-way communication" that can introduce measurement 
error [41]. As self-administered questionnaires were used, there is 
also a possibility that participants may have over- or under-reported 
in a socially desirable manner. Given that the questions refer to a 
period of 12 months prior, there is also the potential for recall bias. 
However, a three-stage random representative stratified sample of 
the general population of the Republic of Serbia and a high number 
of respondents partially overcomes these limitations.

Conclusions and future implications

This study aimed to investigate the use of antibiotics among the 
population of the Republic of Serbia and identify associated factors. 
It is the first population-level study on public knowledge, attitudes, 
and practices about antibiotics and AMR in Serbia and it provides 
baseline data for future studies. Findings may contribute to the ex-
isting knowledge by clarifying the multifaceted factors influencing 
antibiotic use. Certain specific factors should be considered when 
planning actions and educational interventions on antibiotic use, 
such as population characteristics (gender, education, health status) 
and the level of knowledge concerning antibiotic utilization pat-
terns. Repeating this research at specific intervals could allow for the 
monitoring of changes in the population’s knowledge about anti-
biotic use and track the impact of educational and other potential 
interventions in the Republic of Serbia. Educating the general public 
can lead to more informed decisions about antibiotic use, con-
tributing to efforts to address the global challenge of antimicrobial 
resistance.

Considering the study’s limitations, its key findings may assist 
policymakers in Serbia to strategize and implement actions for 
specific target groups to increase the population’s knowledge about 
the rational use of antibiotics. National Antibiotic Resistance Control 
Programme already defines that the training of doctors, dentists, 
pharmacists, and veterinarians on the principles of rational anti-
biotic therapy should be carried out continuously. Education of 
health professionals on the rational use of antibiotics implies raising 
awareness and the level of knowledge, primarily raising awareness 
on the importance of the issue of antibiotic resistance at the un-
dergraduate and graduate levels. Here it must be emphasize that the 
National Program was for the period 2019–2021, and the new pro-
gram isn’t yet adopted but our results shows that targeted educa-
tional interventions about antibiotic use both for the general public 
and for health professionals should be incorporated for the following 
period too.
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