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Abstract
Background Irrational use of antibiotics may adversely affect the treatment outcomes or even lead to
increased antimicrobial resistance. We aimed to evaluate the level of theoretical knowledge of rational
antibiotic use and awareness about antimicrobial resistance among the senior students at a medical
school and the family physicians.
Methods This study was cross-sectional research and was carried out between 01 February-30 April 2019
in Malatya province. Two-hundred twenty-five senior students in the Inonu University Medical School
(Group 1) and 230 actively-working family physicians in Malatya primary healthcare services who were
found eligible (Group 2). Power analysis was calculated as the minimum of 240 participants when
considering a proportion difference of 0.18 between the groups, a type I error of 0.05 and a type II error of
0.20. A p<0.05 value was considered to be statistically significant.
Results Researchers argued that penal sanctions can be more effective by developing strict use policies
to raise awareness of resistance to antimicrobials. Group 2 had higher self-confidence, and it was also
concluded that they forgot their theoretical antibiotic knowledge over time, and they could not follow the
current information because of the intensity of their working life. Both groups stated that post-graduation
training could be used effectively for reducing antimicrobial resistance.
Conclusions This study attempted to increase awareness to determine the difference in theoretical
knowledge levels and behavior models of physicians before and after graduation. Sustainable antibiotic
training for doctors after graduation will contribute positive effects to antimicrobial resistance and
rational use of antibiotics.

Background
Antibiotics are among the most commonly prescribed drugs. Modern medicine is closely linked to the
rational use of antimicrobials to treat infections, but the emergence of antimicrobial-resistant (AMR)
organisms threatens their presence for future generations (1). Irrational use of antibiotics is a serious
problem throughout the world. The use of unnecessary antibiotics causes a heavy burden on the
economy of developing countries, such as Turkey (2).
As a result of excessive and irrational use of antibiotics, resistance to bacteria to antibiotics is increasing
all over the world, which has led to an increase in the cost of infection and a universal public health
problem and also brings about high morbidity and mortality rates (3). The World Health Organization
(WHO) reported that more than 25,000 people die each year because of infections that arise from
resistant bacteria in European Hospitals resulting in a cost of approximately 1.5 billion Euros (4).
Compared with Systemic Antimicrobial Consumption of European Countries (ESAC-Net), Turkey had the
highest antibiotic use in Europe. Thus, the Turkish government already published a Rational Drug Use
National Action Plan 20132017, with quantitative targets to reduce the use of antibiotics (5). The rate of
irrational use of antibiotics is high among patients who apply to primary healthcare facilities in our
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country. The use of antimicrobial drugs is closely related to the knowledge, attitudes, and behavior of the
physicians, as well as the antibiotic prescribing behavior of the healthcare professionals. All these factors
contribute to the increase of AMR (6). The rapid increase in population, low socioeconomic level, and the
differences in the theoretical knowledge of the physicians who prescribe antibiotics on rational principles
of antibiotic use, and their attitudes and behaviors are only a few of the factors that may cause the rate
of increase (7). The most important factor in starting antibiotic treatment for a patient is the presence of
active infection and the evidence of its positive culture result. On the other hand, for the treatment of
antibiotics that will be initiated in empirical terms with the diagnosis of infection, predicting the most
probable factors that may cause infection is crucial (8). There are few studies on treatment of antibiotics
in Turkey, which remained under-researched. Therefore, this study was conducted to understand the
problems better and to offer solutions for irrational antibiotic use in Turkey.
In this study, we aimed to investigate antimicrobial prescribing habits and to evaluate the level of
theoretical knowledge of rational antibiotic use and awareness about antimicrobial resistance among
senior students of the medical school and family physicians in the Malatya province in Turkey.

Methods
Study Design
This study was carried out between 01 February-30 April 2019 in Malatya, which has approximately 750
thousand populations. This study survey was designed in line with the information obtained from various
published research articles (9-11), and the form was prepared, including seven sections and twenty-eight
questions. Section 1 consisted of data that included ages, gender, and professional experiences of
groups. Section 2 consisted of four questions containing personal antibiotic use data. Section 3
consisted of three questions involving the decision to start antibiotic treatment. Section 4 consisted of
nine questions relating to rational antibiotic use. Section 5 consisted of four questions related to
antimicrobial resistance. Section 6 consisted of three questions related to antibiotic training before
graduation from medical school. Section 7 consisted of five questions in the form of 'blanks-filling'
regarding theoretical antibiotic knowledge.
The principles and purpose of this survey study were explained to all participants. The approval of all
participants was taken orally and a consent form was signed by each participant. The informed,
voluntary consent form for all participants in this study was received. Data were collected using face-toface interviews. The questionnaire started by keeping confidential of the names of the participants in this
study. All of the answers were recorded. Then, the collected data were compared according to the groups.
Power analysis
Power analysis suggested a minimum of 120 senior students and 120 family physicians (totally
minimum 240) when considering a proportion difference of 0.18 between the groups, a type I error of 0.05
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and a type II error of 0.20. The number of the participants was calculated as a minimum seven-fold of
each question in the questionnaire.
Inclusion and Exclusion Criteria
In this study, 225 senior students (group 1: the SS group) from Inonu University Medical School and 230
active-working family physicians in Malatya province (group 2: the FP group) were included. Students of
other faculties other than the Inonu University Medical School, physicians who worked outside primary
care services, specialist physicians from other branches other than family physicians, and physicians
who were not active even if they had experience to work as a family physician were excluded from this
study.
Data Analysis
The quantitative data were given as mean±standard deviation, and qualitative data were summarized as
numbers with percentages. Normal distribution was checked using the Kolmogorov-Smirnov test.
Qualitative data were analyzed by the Pearson Chi-Square test as appropriate. Comparison of proportions
was made using the Bonferroni-adjusted Pearson Chi-Square test. A p<0.05 value was considered to be
statistically significant. The IBM SPSS Statistics 26.0 software for Windows was used for analyses. A
multilayer perceptron (MLP) artificial neural network model was used to identify the questions that may
be effective in classifying the group variable (categories: senior students, family physicians). To build the
proposed model, the data set examined was divided into two sets as training and testing. In this study,
the questions that may be effective in classifying the group variable, which is accepted as the target
variable, were estimated with the proposed model, and their significance levels were calculated in
descending order.

Results
There were 455 participants in this study: group 1 had 225 (49.5%), and group 2 had 230 (50.5%)
participants. In group 1, there were 92 males (40.9%), 133 females (59.1%) between 21-28 years of age;
the mean age was 24±1 years. In group 2, there were 153 males (66.5%), 77 females (33.5%) between 2566 years of age, and the mean age was 41±9 years. The professional experience of group 2 was 32
(13.9%) having 1-5 years, 45 (19.6%) having 6-10 years, and 153 (66.5%) having 11 years or more.
Table 1 presents the behaviors of the groups about personal antibiotic use and the decisions of the
doctors in starting to antibiotics treatment for patients. As shown in Table 1, while Q2-3-5-6-7 were
significantly different between groups (p<0.001), the other questions were not statistically significant
(p>0.05).
Q2: In which condition did you feel it necessary to start antibiotics the most?
Q3: The way you took before you started antibiotics?
Q5: The most important concern before an antibiotic prescription for a patient?
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Q6: The most important finding that drives physicians mostly to prescribe?
Q7: The most important finding-condition that drives physicians to prescribe?
The distribution of the questions related to the rational use of antibiotics is summarized in Table 2. As
presented in Table 2, although the differences between the groups were significant concerning Q10-11-1415 (p<0.05), the differences between the groups were non-significant concerning other questions
(p>0.05).
Q10: The most important principle in rational antibiotic using?
Q11: Not having rational antibiotics use purpose?
Q14: The most accurate definition of chemoprophylaxis purpose?
Q15: Not among the surgical prophylaxis purposes?
The distribution of antimicrobial resistance and awareness, developing recommendations, and slogans
for decreasing antimicrobial resistance and increasing awareness is given in Table 3. In Table 3, Q19-2021-23 were significantly different between the groups (p<0.05); the remaining questions were not
significantly different (p>0.05).
Q19: The most frequent reason for penicillin resistance in staphylococci?
Q20: How the national awareness of antimicrobials resistance can be increased?
Q21: The adequacy of the education provided to you on antibiotics during medical education?
Q23: What is your slogan about lowering the rate of antimicrobials resistance?
Table 4 indicates the data of the groups on answering the questions on antibiotic information (fill in the
blanks questions). As shown in Table 4, Group 1 answered more questions, and the answers they gave
were found to be more accurate.
Table 5 demonstrates three-year antibiotic consumption rates by years in primary healthcare services in
Malatya province in Turkey. According to the e-prescription information system data of the Malatya
Public Health Directorate, the rate of prescribing antibiotics tends to decrease in years in patients
applying for primary healthcare services in Malatya (Table 5).
The importance values of the questions on the prediction of the groups are tabulated in Table 6. Among
the questions, age was the most related variable (22.7%) with the groups. The second most important
variable after the age variable was determined as a professional experience with a rate of 11.9%. On the
other hand, the variable with the lowest significance value was obtained as gender with a rate of 0.1%

Discussion
Increased antibiotics consumption and antimicrobial resistance are still significant problems in low
socioeconomic countries (11). In our country, Turkey, the efforts have been made to reduce higher
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antibiotic consumption rates, to increase antimicrobial resistance awareness levels of physicians with
training before and after graduation though raising the issue in writing/visual media, increasing the
public awareness with public spots, and to prevent the non-prescribed sales of antibiotics in pharmacies
since 2014.
One of the studies that was reported by Mahmood et al. (12) showed that the irrational antimicrobial use
resulted in reduced quality of care, increased morbidity and mortality, and increased cases of adverse
drug reactions and medication errors. Andrajati et al. (13) conducted a study though analyzing 788 oral
prescriptions, which were prescribed by 28 doctors for acute pharyngitis and nonspecific respiratory
infections at primary healthcare services, and 392 of them were evaluated for rationality according to
local guidelines issued by Indonesian Ministry of Health. They found that 220 prescriptions for selecting
the right antibiotic did not meet the rational antibiotic prescribing criteria. Besides, they concluded that
training for rational antibiotic use and physician experience were the factors associated with the
rationality of antibiotic prescriptions. Since viral agents play roles in the etiology of the common cold,
antibiotics have no usage in its treatment; and resting and supportive treatments are adequate (14). We
found that both groups had a sufficient level of awareness of this issue.
Practitioners sometimes cannot deal with their health problems in a detailed way because of their busy
work schedules and they want to solve the problems in the most practical way (15). It may be argued that
group 1 started antibiotics for simpler reasons. It was also possible to argue that the self-confidence of
group 2 was higher than group 1 in making this decision, and group 1 was more cautious in this respect.
These different approaches might be associated with the lack of self-confidence in the professional
experience of the physicians or lack of adequate time rather than the presence of a healthcare employee
in the place of residence and family. Given that the group 2 decided not to start antibiotics treatment,
although it would necessarily cause more worries for themselves, and that the concerns of the group 2
being less might be explained by having more professional experience. The differences in knowledge,
attitudes, and behaviors of physicians who prescribe antibiotics in primary healthcare facilities on
deciding to start treatment and the necessity of treatment may also cause the rates of increase antibiotic
prescription (16). The quality of a candidate physicians’ pre-graduation training and the ability to apply
this theoretical training in the master-apprentice or individual practice may significantly affect the attitude
and behavior when starting antibiotics. Many factors may influence doctors’ decisions, leading them to
breach the principles of good clinical practice (17). For example, the fear of possible future complications
in their patients or a desire to fulfill patients’ expectations. Many physicians fear that they may miss out
on the infection in the presence of leukocytosis, and often prefer to prescribe antibiotics to feel safe (18).
In our study, the group 2 had more professional experience generally about antibiotics prescription in the
presence of leukocytosis and argued the most important condition that forced primary healthcare
physicians to write antibiotics is the lack of knowledge of these physicians. The physicians who had less
experience believed that the presence of fever was more important, and the suspicion of infection that is
not evidenced was the most important factor driving primary healthcare physicians to write antibiotics
(19). Today, unfortunately, physicians can allocate less than optimal time to the patients for diagnosis
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because of an overcrowded patient for primary health care services and are often under pressure to
prescribe antibiotics by patients and/or their relatives (20).
Among the most common causes of irrational antibiotic use, there is the expectation of the patient to
prescribe an antibiotic from the physician considering “being a good doctor” equivalent to writing a
prescription, insufficient examination facilities, and the need for the physician for feel safe by prescribing
antibiotics by fearing that they might overlook an infection (21). The expectation of a patient to prescribe
an antibiotic from the physician, keeping the equivalent of writing good medicine prescriptions,
insufficient examination facilities, and the need for the physician to feel safe by prescribing antibiotics
with the fear of distracting a possible infection are among the most common causes of irrational
antibiotic use. (22). Another finding is that physicians forget their theoretical knowledge in time after they
start active duty; they do not improve themselves, and follow update literature and developments because
of their intensive work schedule (23). Group 1 thought that these reasons were more prominent in primary
healthcare. Chemoprophylaxis is an optional procedure that is aimed to keep an infection with a high
probability of development (24). The correct definition in this respect was made by group 1. Although
there are guidelines released on surgical prophylaxis, we have witnessed misconduct in many clinics. The
level of knowledge on surgical prophylaxis was low in both of our groups, and the possible cause of this
might have been that they did not use it too much. Thus, the theoretical knowledge could be forgotten in
time.
Antimicrobial resistance can be defined as the inefficiency of antibiotics in time due to the
irrational/excessive use of antibiotics (25). The correct definition is made by group 1 at higher rates may
be explained by that their theoretical knowledge is more recent. The most common reason for penicillin
resistance in Staphylococci is the synthesis of a new PBP (Penicillin-Binding Protein) (26). Although
nearly half of group 1 was thought in this way, more than half of group 2 believed that beta-lactamase
was secreted, which was wrong. This finding may suggest that both groups are inadequate or do not
update their knowledge of antimicrobial resistance mechanisms.
The presence of comorbid conditions and diseases must be considered in a patient who is scheduled to
receive antibiotics. If an antibiotic drug that is initiated for the treatment of an infection is administered
without considering comorbid diseases, it will inevitably lead to undesirable outcomes (27). The ability to
answer the questions on comorbid conditions and diseases (e.g., pregnancy and renal failure) and the
percentages of accurate answers were higher at a significant level in group 1. This may make us consider
that group 2 forgets the theoretical knowledge in time and they are more likely to make mistakes. This
subject shows the importance of transforming the antibiotic awareness in the basic pharmacology
courses to the students in the early stages of school into knowledge that may also be used in the future
(28). In this study, the most probable factors for the three most common primary healthcare groups were
asked. The findings showed that the percentages of the rates of answering to questions and providing
correct answers were low. Another interesting detail was that some of them in group 2 answered this
question by writing the name antibiotics instead of the name of the agent by mistake and trying to
answer the question more carelessly.
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The opinions and suggestions of the participants in the awareness of antimicrobial resistance were also
of interest when planning the questionnaire. Among the suggestions that were included in our
questionnaire, group 1 defended the idea that periodic training before and after graduation, developing
strict usage policies and applying penal sanctions would be more effective; and the group 2 defended
that the issue should be brought to the agenda in written and visual media more frequently, using public
spots emphasizing antimicrobial resistance, and preparing brochures and posters would be more
effective. A new generation of messages that encourage the first-choice use of narrow-spectrum
antibiotics is needed, reflecting international efforts to preserve broad-spectrum antibiotic classes (29).
We have demonstrated the following conclusions: The levels of theoretical antibiotic knowledge are
better in the pre-graduation period. After graduation, doctors ' theoretical knowledge of antibiotics is
forgotten over time, and they are more likely to make mistakes. This situation has once again revealed
the importance of education after graduation. The penal sanctions could be more effective by developing
strict use policies to raise awareness of antimicrobial resistance. It could be said that they could not
update their knowledge in this period due to the intensity in working life, and they forgot their theoretical
knowledge of antibiotics over time. Especially training after graduation is crucial in reducing the
excessive rates of antibiotic usage. This study could draw attention to increased antimicrobial resistance
by highlighting the slogan which was put forward by Unal S et al. for the first time in 2014 at Hacettepe
University in Ankara “Either awareness or resistance develops for antibiotics”. This slogan may be useful
for raising awareness against increased antimicrobial resistance. These results once again highlighted
the need for immediate action of training and corrective actions.
The survey model used in this study was adapted from several similar studies that have been carried out
before. It was applied to medical school senior students and family physicians to determine the
differences between before and after graduation. If there were more participants, perhaps more accurate
results could have been obtained, and more accurate analyses might have been performed.

Conclusions
This study may raise awareness to determine the difference in theoretical knowledge levels concerning
antibiotics and behavior models of physicians before and after graduation and to reduce higher use rates
to lower levels of antibiotics. Sustainable antibiotic training for the doctors after graduation will highly
likely to contribute positively to antimicrobial resistance and the rational use of antibiotics. Further
studies should be conducted with more participants.
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