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Abstract: The clinical efficacy of antibiotics depends on their correct use. Widespread 

ignorance and inappropriate attitudes to antibiotic use have been identified among 

consumers. In order to improve the knowledge of middle-school students on antibiotics and 

their correct use, 82 ninth-grade students were enrolled in a teaching activity. The teaching 

activity consisted of a slide show presentation followed by discussion in a regular class.  

To evaluate the impact of the teaching activity the students were asked to answer a 

questionnaire before and after the activity. This study aimed: (1) to evaluate knowledge on 

the use of antibiotics in students of two schools in the north of Portugal and (2) to evaluate 

the efficacy of the school intervention in improving students’ knowledge on correct 

antibiotic use. We found lack of knowledge among students regarding antibiotic spectra 

and indications and incorrect attitudes in the pre-test. Significant increases in knowledge 

were observed after implementation of the teaching activity. Knowledge of the correct use 

of antibiotics for bacterial diseases rather than viral diseases rose from 43% to 76% in the 

post-test (p < 0.01). Knowledge of the risk of bacterial resistance to antibiotics from their 

incorrect use rose from 48% to 74% in the post-test (p < 0.05). We believe that it is 
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important to reinforce the teaching activities on microbiology and antibiotic use at the 

middle school level. 

Keywords: antibiotics; knowledge attitudes/practices on antibiotic use; middle-school 

students; school teaching intervention 

 

1. Introduction 

Antimicrobial resistance is a current problem, including the treatment of multidrug resistant 

bacterial infections and the prevention of the spread of resistant microorganisms. The World Health 

Report 2007 highlighted the issue of antibiotic resistance as one of the major threats to public health in 

this century [1]. The World Health Organization estimates that about half of all medicines are 

inappropriately prescribed and about half of the patients fail to take their medicines properly. 

It is known that the clinical efficacy of antibiotics depends greatly on their correct use. This is 

dependent on the patients, physicians and retailers [2]. Widespread problems in knowledge, attitudes, 

beliefs and behaviors have been reported among consumers. These can influence correct antibiotic 

usage [3–6]. In the UK, 30% of adults believe that antibiotics can be successfully used to treat coughs 

and colds [4,7]. A study performed by Eurobarometer in 2001, revealed that 60% of the Europeans do 

not know that antibiotics are ineffective against viruses [8]. Overuse of antibiotics has been reported in 

upper respiratory tract infections, despite the fact that the majority of these infections are caused by 

viruses [9,10]. A recent study confirms that the expectation of antibiotic efficacy for common cold 

symptoms is very high (47.3%) [11]. This result is comparable with a study conducted in the US, 

which reported that 48% of the respondents ask for antibiotics for cold symptoms [3]. 

Physicians’ decisions may be influenced by several factors such as the fear of losing the patient’s 

trust, a lack of correct information on indications for antibiotic use, and pressure from patients and 

family [12,13]. Patient expectations influence antibiotic prescription and antibiotics are more likely to 

be prescribed in a pressured clinical context [13–15]. A survey of medical students in the Northeast of 

the United States indicated that there is a need for both education and feedback on antimicrobial 

prescribing [16]. A recent study conducted in China reveals widespread prescribing of unnecessary 

antibiotics, often administered parentally [17]. Other studies show that mothers often influence 

medical decisions on antibiotic prescription [18]. 

In this context, health promotion interventions in this particular issue are crucial. Efforts to reduce 

antibiotic resistance should include educating the population for the appropriate use of antibiotics. 

Several countries have developed campaigns to modify public misconceptions regarding the 

effectiveness of antibiotics, to promote appropriate use of antibiotics and prevent the development of 

antibiotic resistance [19–21]. In Malaysia, the “Know Your Medicine Campaign” that aimed to 

educate and prepare the public with knowledge and skills to understand their medicines, to use 

medicines rationally and to know their rights about getting information on medicines [22], has recently 

focused on antibiotics. Belgium has organized several national media campaigns to alert the public to 

the problem of antimicrobial resistance and has developed guidelines for ambulatory care physicians [23]. 

Perhaps the largest education effort directed at students is the e-Bug project. This includes 10 European 
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countries, including Portugal, as associates, and has 8 additional countries as collaborators. It includes 

classroom teaching materials, games and a website designed to increase knowledge of infectious 

diseases and antibiotic treatment among school age children [24]. In France, the rates of antibiotic 

prescriptions and antimicrobial resistance are also significant [25]. Since 2000, various local and 

national interventions have been initiated in order to promote appropriate antibiotic use, such as 

“Antibios quand il faut” [26] and “Antibiotiques c’est pas automatique” [27]. These interventions 

appeared to be successful since there has been a decrease of 26.5% in community-based antibiotic 

prescribing between 2002 and 2007 [27]. France has participated in the European e-Bug school  

project [28] to raise awareness among children and to help them to adopt correct attitudes and 

behaviours. The enthusiasm and collaboration between educational and health partners have been 

obvious [28]. 

In Portugal, studies performed in schools at different educational levels have also shown a lack of 

knowledge of antibiotics and their correct use. This may be attributed to insufficient formal education 

on this topic [29]. In the Portuguese biology curriculum, the concept of antibiotics is only addressed in 

the 12th grade biology course [30]. This reinforces the importance of developing health education 

programs to promote appropriate use of antibiotics for middle-school students. 

As students are the antibiotic users of tomorrow, it is crucial to invest in their education. The misuse 

of antibiotics may lead to considerable risks. Effective action requires educational procedures based on 

the study of existing beliefs. 

Three questions motivated the current study. How accurate is the knowledge of middle school 

students on correct antibiotic use? Are there differences in the knowledge of students in urban and 

rural schools? What is the contribution of a teaching activity to the students’ awareness and 

understanding about antibiotic use and resistance? Thus, this study aimed to evaluate: (1) knowledge 

concerning the use of antibiotics in Portuguese students aged 14 to 16 years old in the ninth grade of 

two schools (School D. Maria II and Camilo Castelo Branco) from Vila Nova de Famalicão, Braga, 

Portugal and (2) the efficacy of a teaching intervention in improving students’ knowledge concerning 

antibiotic use. 

2. Experimental Section 

2.1. Population and Sampling 

A convenience sample of middle-school students was used in this study. Information about possible 

confounders, such as socio-economic status and intellectual level, was not collected. The sample 

comprised 82 students from 9th grade (37 from the School E. B. 2, 3 D. Maria II, located at about  

2 km from the city of V. N. Famalicão, district of Braga, and 45 from the School Camilo Castelo 

Branco located in the centre of the same city). The first school receives students from the center of the 

city and the second from more rural and manufacturing areas. Approval was obtained from the 

directors of the schools involved in the study. 
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2.2. Questionnaire 

The students’ knowledge was evaluated with a questionnaire validated in a previous study [29], 

before and after the implementation of the teaching activity. The questionnaire included questions 

regarding knowledge and attitudes on appropriate use of antibiotics and antibiotic resistance. The time 

between the implementation of the activity and the post-test application was 2 months. The questionnaire 

contained seven questions. The first two questions containing five items are related to the link between 

the use of antibiotics and microorganisms or diseases. The next five questions are related to the correct 

utilization of antibiotics. 

No further changes were made in this instrument. The questionnaire was completed during regular 

classes with a time limit of 30 min. Participation was voluntary and anonymous. The questionnaire was 

designed to assess the effect of a teaching activity on student’s knowledge concerning antibiotic 

utilization. This study instrument also allowed assessment of differences in knowledge between the 

two schools. Individual papers were not matched for the pre- and post-test to preserve anonymity and 

scores for the whole class were compared. 

2.3. Teaching Activity 

The teaching activity consisted of a presentation (a computerised slide show), followed by 

discussion in a regular class lasting 90 min. The first part of the presentation contained basic 

information on microorganisms such virus, bacteria, fungi and protozoa. The second part was related 

to diseases and focused on the use of drugs against the different types of microorganisms such as 

viruses, bacteria and fungi. Particular attention was given to the treatment of diseases caused by 

bacteria, especially tuberculosis. The presentation centered the attention on antibiotics, including:  

(1) the story of the discovery of antibiotics, (2) the effectiveness of antibiotics against bacteria, (3) the 

correct use of antibiotics and, (4) the recent problem of antibiotic resistance. After the presentation,  

the two teachers (MMA, FB) involved in this study discussed (1) the use of microorganisms in 

industry, health and research, (2) negative aspects of microorganisms for human health such as 

diseases and (3) the correct use of antibiotics and the problem of antibiotic resistance. FB teaches 

Pharmacology at the Medical School at the University of Minho, Braga, Portugal and MMA does 

research at the Microbiology Department of the Faculty of Medicine in the University of Porto, 

Portugal and teaches at D. Maria II School, Famalicão, Portugal. 

2.4. Data Analysis 

Data obtained in the pre- and post-test were analysed using the the SPSS software for Windows, 

version 18.0 (SPSS Inc., Chicago, IL, USA). Associations between variables were tested with 

Pearson’s Chi-square (χ
2
) with significance set at the p < 0.05 level. 

3. Results 

The response rate was 100% among the 82 students asked to participate. 37 students from School 

D. Maria II and 45 from School Camilo Castelo Branco aged between 14 and 16 years old were 

enrolled in this study. 
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3.1. Knowledge on Antibiotic Use against Bacteria and Other Organisms 

Data presented in Table 1 show the knowledge of students on the sensitivity of different organisms 

to antibiotics. There were high percentages of incorrect answers among all the students evaluated in 

the pre-test, with only 2.7 and 0% of correct answers for Schools D. Maria II and Camilo Castelo 

Branco, respectively. Comparing with the post-test, although not significant, there was an increase in 

the number of correct answers (Option 1) in both schools, while there was an increase in the answers 

for Option 2 (incorrect) and a decrease for Option 3 (incorrect). However, the only statistically 

significant difference was observed for Option 3 in School Camilo Castelo Branco (p = 0.010). 

Table 1. Number of positive answers to the question on antibiotic use against bacteria and 

other organisms. 

Schools n 

Options 

Option 1: 

Antibiotics are effective against 

bacteria only * n (%) 

Option 2: 

Antibiotics are effective against 

bacteria and other organisms n 

(%) 

Option 3: 

Antibiotics are ffective against 

other organisms n (%) 

Pre-test Post-test p value Pre-test Post-test p value Pre-test Post-test p value 

D. Maria II 37 1 (2.7) 3 (8.1) 0.615 4 (10.8) 6 (16.2) 0.736 32 (86.5) 28 (75.7) 0.235 

Camilo Castelo 

Branco 
45 0 (0) 3 (6.7) 0.242 7 (15.6) 15 (33.3) 0.050 38 (84.4) 27 (60.0) 0.010 

* Correct answer. 

3.2. Knowledge of Antibiotic Use against Viral and Bacterial Diseases 

Data presented in Table 2 show the knowledge of students on antibiotic use against viral illnesses 

(influenza, hepatitis and AIDS) and tuberculosis. In the pre-test, students revealed lack of knowledge 

in this topic, since only 40.5% and 46.7% of the students respectively from the School D. Maria II and 

Camilo Castelo Branco answered correctly (Option 1). In the post-test a significant increase in the 

number of correct answers was observed for both schools (p = 0.005 and p = 0.001, for D. Maria II and 

Camilo Castelo Branco, respectively). Regarding the incorrect answers, there was a significant 

decrease in the choice of Option 2 (p = 0.005 and p < 0.001, for D. Maria II and Camilo Castelo 

Branco, respectively). 

3.3. Attitudes towards Antibiotic Use 

Data presented on Table 3 show the knowledge of the students concerning correct antibiotic use. 

Comparing the pre-test and post-test, significant differences were found in Question 2, for the students 

of both schools, with an increase from 40.5% to 73% (p = 0.005) in the percentage of correct answers 

for School D. Maria II and from 46.7% to 82.2% for School Camilo Castelo Branco (p = 0.002). 

Regarding Question 5, an increase in correct responses between the pre- and post-test was obtained for 

students from both Schools but this difference was not significant. 
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Table 2. Number of positive answers to questions on antibiotic use against viral illnessess 

(influenza, hepatitis, AIDS) and tuberculosis. 

Schools n 

Options 

Option 1: 

Antibiotics should be prescribed 

for tuberculosis * n (%) 

Option 2: 

Antibiotics should be 

prescribed for tuberculosis and 

viral illnesses n (%) 

Option 3: 

Antibiotics should be 

prescribed for viral illnesses n 

(%) 

Pre-test Post-test p value Pre-test Post-test p value Pre-test Post-test p value 

D. Maria II 37 15 (40.5) 27 (73.0) 0.005 22 (59.5) 10 (27.0) 0.005 0 (0.0) 0 (0.0) - 

Camilo Castelo 

Branco 
45 21 (46.7) 36 (80.0) 0.001 24 (53.3) 8 (17.8) <0.001 0 (0.0) 1 (2.2) 1.000 

* Correct answer. 

Table 3. Percentage of correct answers to questions on antibiotic treatment for bacterial infections. 

Study question 
Correct 

answer 

D. Maria II (37 students) n (%) 
Camilo Castelo Branco  

(45 students) n (%) 

Pre-test  Post-test p value Pre-test  Post-test p value 

1
 Antibiotics do not interact with alcohol F 94.6 (35) 97.3 (36) 0.602 88.9 (40)  95.6 (43) 0.486 

2
 Antibiotics can be taken at different times 

each day, if the daily doses are taken 
F 40.5 (15) 73.0 (27) 0.005 46.7 (21) 82.2 (37) 0.002 

3
 Antibiotic treatment should be stopped as 

soon as the patients feels better 
F 100 (37) 100 (37) 1.000 100 (45) 97.8 (44) 1.000 

4
 Antibiotics should be shared with other 

people if the symptoms were similar 
F 97.3 (36) 97.3 (36) 1.000 95.6 (43)  97.8 (36) 1.000 

5
 The incorrect use of antibiotics can lead to 

development of resistant bacteria 
T 45.9 (17) 62.2 (23) 0.162 51.1 (23)  84.4 (38) 0.162 

T = true; F = false. 

Comparative of the pre- and post-test for all students from both schools revealed a significant 

difference for Question 5, with a higher number of correct answers for School Camilo Castelo Branco 

in the post-test (p = 0.028) (Table 4). 

Table 4. Number of correct answers to questions on antibiotic treatment for bacterial infections. 

Study question 
Correct 

answer 

D. Maria II/Camilo Castelo Branco 

(37/45 students) n (%) 

D. Maria II/Camilo Castelo 

Branco (37/45) n (%) 

Pre-test Post-test p value Pre-test Post-test p value 

1
 Antibiotics do not interact with alcohol F 35 (94.6) 40 (88.9) 0.639 36 (97.3) 43 (95.6) 0.654 

2
 Antibiotics can be taken at different times 

each day, if the daily doses are taken 
F 15 (40.5) 21 (46.7) 0.326 27 (73.0) 37 (82.2) 0.311 

3
 Antibiotic treatment should be stopped as 

soon as the patients feels better 
F 37 (100) 45 (100) - 37 (100) 44 (97.8) 1.000 

4
 Antibiotics should be shared with other 

people if the symptoms were similar 
F 36 (97.3) 43 (95.6) 1.000 36 (97.3) 44 (97.8) 0.361 

5
 The incorrect use of antibiotics can lead to 

development of resistant bacteria 
T 17 (45.9) 23 (51.1) 0.516 23 (62.2) 38 (84.4) 0.028 

T = true; F = false. 
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4. Discussion 

This study assessed knowledge of antibiotics among Portuguese school students of the ninth grade 

and assessed the impact of a teaching intervention on this knowledge. A convenience sample of 

middle-school students was used to allow for rapid collection of data in a short period of time with 

limited resources. In this study, a teaching activity on microbiology and infection control was 

performed, aiming to improve students’ knowledge and attitudes towards antibiotic use. 

Educators agree that students do not perform as expected, probably due to the teaching methods 

used [31]. Although a passive lecture does not promote long-term retention [32], it is still a common 

approach used by many teachers. However, a previous study showed that by verbalizing their 

understanding of a topic, a student is “forced” to make its explanation more concrete and specific, 

thereby promoting long-term memory [33]. 

The teaching method selected here, a slide show presentation followed by discussion, was carried 

out after the application of a questionnaire (pre-test). We could see that the students had 

misunderstandings and lack of knowledge on antibiotics, mainly related to antibiotic spectra and 

indications. We could see that a considerable number of students believed that antibiotics are effective 

against virus, fungi, insects, worms and other organisms. Similarly, a study performed in the USA with 

5th, 8th and 11th grade students revealed that a common misconception among students was the belief 

that “antibiotics can cure viral infections” [34]. 

Concerning the use of antibiotics against bacteria and other organisms, in the current study an 

increase in the number of correct answers was seen after the teaching intervention (post-test). Another 

study performed in the USA with undergraduate students involving instruction on microbiology, 

showed important changes in students’ knowledge on microorganisms and alterations in reported 

behaviors related to microbial transmission [35]. Similarly, a recent study in Portugal entitled 

“Microbiology recipes” showed the importance of educational activities incorporating hands-on 

activities in science education. This project improved the participants’ understanding of bacteria, 

antibiotics and antibiotic resistance [36]. 

In the pre-test, students’ knowledge of the value of antibiotics in the treatment of common diseases 

with different etiologies was limited with the majority responding that antibiotics could be used against 

viral illnesses (influenza, hepatitis, AIDS), as well as tuberculosis. This result is in accordance with 

recent studies, which demonstrate that many patients would take antibiotics for a cough and cold 

symptoms [4,11,37]. The use of antibiotics for treatment of viral illness may be a consequence of 

bacteria and viruses being misperceived by the general population as identical microorganisms [18,38,39]. 

Our intervention on this topic was valuable since the students in the post-test revealed a significant 

increase in the number of correct answers. 

With respect to correct antibiotic use, we noticed some gaps in the pre-test, however, the results in 

the post-test for both schools improved significantly students’ knowledge, (a) in respect to the 

obligation to comply with the schedule set, with 73% and 82.2% of correct answers respectively and, 

(b) regarding the development of resistant bacteria with 62.2% and 84.4% of correct answers. These 

results were very promising since the overuse and misuse of antibiotics may lead to important health 

problems, primarily antibiotic resistance [5]. After 1994, the resistance shown by Streptococcus 

pneumonia in 13 European countries was correlated with the use of antibiotics. When bacteria become 
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resistant, the time of treatment is prolonged and contributes to the occurrence of side effects and 

increased treatment costs [40,41]. The lowest levels of resistance have been recorded in Scandinavian 

countries, Great Britain and Netherlands. This may be due to strict guidelines for antibiotic 

prescription and use [40,42]. Concerning the need to complete the full course of antibiotics when 

symptoms of infection are improving, our results were very positive, in agreement with the studies by 

the groups of Oh and You and collaborators [5,11]. As well as encouraging the use of antibiotics only 

when necessary, the importance of following the physician’s advice must be stressed, especially in 

finishing a full course of treatment [42,43]. 

A limitation of this study is the use of a convenience sample of ninth graders in two schools. While 

this facilitated the conduct of the study it may limit the generalizability of the findings. Further study 

in other areas of the country with larger urban and rural populations will help to confirm these findings. 

Our study included students from two different schools, one located outside the city of Vila Nova 

de Famalicão (D. Maria II), and another located in the centre of the same city (Camilo Castelo 

Branco). One school receives students an urban setting and the second from rural and manufacturing 

areas. The students from School Camilo Castelo Branco had better results in the pre-test, which may 

reflect the cultural level of these students compared to students from the School D. Maria II. 

A study conducted by Parimi and collaborators [6] revealed that antibiotic knowledge influenced 

attitudes and behavior towards antibiotic use. Another study demonstrated that demand for antibiotic 

prescriptions and keeping these antimicrobials at home to treat illnesses was higher in persons with 

inadequate knowledge [44]. 

Educational campaigns have had a positive effect on knowledge and reduction in antibiotic 

prescription in different countries [18,21,45]. Lecky et al. have provided a detailed description of the 

education materials used in the E-Bug project [46]. From the same group, Farrell demonstrated how 

computer games are effective in increasing knowledge regarding the same learning objectives of 

infectious diseases and antibiotic use in children [47]. Madle et al. have shown that web based 

teaching materials can change knowledge and attitudes regarding antibiotic use [48]. An educational 

program directed at both health professionals and the general public in Canada was associated with a 

decline in antibiotic prescribing rates, as reported by McKay [49]. 

5. Conclusions 

Our findings support the idea that correct dissemination of information on antibiotics can change 

attitudes and behaviors regarding antibiotic use. Regular activities on appropriate antibiotic use are 

crucial to correct misconceptions on antibiotic use. It is essential to promote student involvement, 

namely active learning, into traditional teaching, stimulating students intellectually and promoting 

better learning. Another advantage of school interventions is that they provide the opportunity to reach 

a large proportion of students in their normal learning environment. 

In conclusion, the strategy used in this study seems promising. We believe it can be replicated in 

other schools, complemented by experimental activities, to promote long-term retention of knowledge. 

This has been the experience of the E-Bug program, which has also been implemented in Portugal [50]. 

It is crucial to include a microbiology unit in the curricula of middle-school students to help students to 

understand the importance of microorganisms in their health. For some students, this will be their last 
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contact with this field of study, since they will pursue other areas of knowledge, such as the arts, the 

humanities, economics and engineering. 

Conflict of Interest 

The authors declare no conflict of interest. 

References 

1. World Health Organization. The World Health Report 2007—A safer future: Global Public 

Health Security in the 21st Century. Available online: www.who.int/whr/2007 (assessed on 3 

January 2012). 

2. Radyowijati, A.; Haak, H. Determinants of Antimicrobial Use in the Developing World. In Child 

Health Special Report; USAID Bureau of Global Health: Washington, DC, USA, 2002; Volume 4. 

3. Vanden Eng, J.; Marcus, R.; Hadler, J.L.; Imhoff, B.; Vugia, D.J.; Cieslak, P.R.; Zell, E.;  

Deneen, V.; McCombs, K.G.; Zansky, S.M.; Hawkins, M.A.; Besser, R.E. Consumer attitudes 

and use of antibiotics. Emerg. Infect. Dis. 2003, 9, 1128–1135. 

4. McNulty, C.A.M.; Boyle, P.; Nichols, T.; Clappison, P.; Davey, J. Don’t wear me out—The 

public’s knowledge of and attitudes to antibiotic use. J. Antimicrob. Chemother. 2007, 59, 727–738. 

5. You, J.H.S.; Yau, B.; Choi, K.C.; Chau, C.T.S.; Huang, O.R.; Lee, S.S. Public knowledge, 

attitudes and behavior on antibiotic use: A telephone survey in Hong Kong. Infection 2008, 36, 

153–157. 

6. Parimi, N.; Pereira, L.M.P.; Prabhakar, P. The general public’s perceptions and use of 

antimicrobials in Trinidad and Tobago. Rev. Panam. Salud Publica 2002, 12, 11–18. 

7. Ferech, M.; Coenen, S.; Malhotra-Kumar, S.; Dvorakova, K.; Hendrickx, E.; Suetens, C.; 

Goossens, H. European Surveillance of Antimicrobial Consumption (ESAC): Outpatient 

antibiotic use in Europe. J. Antimicrob. Chemother. 2006, 58, 401–407. 

8. Eurobarometer—Europeans, Science and Technology. Available online: ec.europa.eu/research/ 

press/2001/pr0612en-report.pdf (assessed on 3 January 2012). 

9. Ochoa, C.; Eiros, J.M.; Inglada, L.; Vallano, A.; Guerra, L. Assessment of antibiotic prescription 

in acute respiratory infections in adults. The Spanish Study Group on Antibiotic Treatments.  

J. Infect. 2000, 41, 73–83. 

10. Gonzales, R.; Steiner, J.F.; Sande, M.A. Antibiotic prescribing for adults with colds, upper 

respiratory tract infections, and bronchitis by ambulatory care physicians. JAMA 1997, 278, 901–904. 

11. Oh, A.L.; Mohamed, A.H.; Mahmoud, S.A.; Syed, A.S.S.; Asrul, A.S.; Ahmed, A. Public 

knowledge and attitudes towards antibiotic usage: A cross-sectional study among the general 

public in the state of Penang, Malaysia. J. Infect. Dev. Ctries. 2011, 5, 338–347. 

12. World Health Organization. World Health Organization Report on Infectious Diseases 2000—

Overcoming, Antimicrobial, Resistance. Available online: www.who.int/infectious-disease-report/ 

2000/index.html (assessed on 3 January 2012). 

13. Butler, C.C.; Rollnick, S.; Pill, R.; Maggs-Raport, F.; Stott, N. Understanding the culture of 

prescribing: Qualitative study of general practitioners’ and patients’ perceptions of antibiotics for 

sore throats. BMJ 1998, 317, 637–642. 

http://ec.europa.eu/research/press/2001/pr0612en-report.pdf
http://ec.europa.eu/research/press/2001/pr0612en-report.pdf


Int. J. Environ. Res. Public Health 2013, 10 2929 

 

 

14. Ong, S.; Nakase, J.; Moran, G.J.; Karras, D.J.; Kuehnert, M.J.; Talan, D.A. Antibiotic use for 

emergency department patients with upper respiratory infections: Prescribing practices, patient 

expectations, and patient satisfaction. Ann. Emerg. Med. 2007, 50, 213–220. 

15. Kumar, S.; Little, P.; Britten, N. Why do general practitioners prescribe antibiotics for sore 

throat? Grounded theory interview study. BMJ 2003, 326, 1–6. 

16. Minen, M.T.; Duquaine, D.; Marx, M.A.; Weiss, D. A survey of knowledge, attitudes, and beliefs 

of medical students concerning antimicrobial use and resistance. Microb. Drug. Resist. 2010, 16, 

285–289. 

17. Reynolds, L.; McKee, M. Factors influencing antibiotic prescribing in China: An exploratory 

analysis. Health Policy 2009, 90, 32–36. 

18. Cebotarenco, N.; Bush, P.J. Reducing antibiotics for colds and flu: A student taught program. 

Health Educ. Res. 2008, 23, 146–157. 

19. Andre, M.; Vernby, A.; Berg, J.; Lundborg, C.S. A survey of public knowledge and awareness 

related to antibiotic use and resistance in Sweden. J. Antimicrob. Chemother. 2010, 65, 1292–1296. 

20. Woodhead, M.; Finch, R. Public education: A progress report. J. Antimicrob. Chemother. 2007, 

60, i53–i55. 

21. Wutzke, S.; Artist, M.; Kohoe, L.; Fletcher, M.; Mackson, J.; Weekes, L. Evaluation of a national 

programme to reduce inappropriate use of antibiotics for upper respiratory tract infections: Effects 

on consumer awareness, beliefs, attitudes and behavior in Australia. Health Promot. Int. 2006, 22, 

53–64. 

22. Know Your Medicine. Available online: www.knowyourmedicine.gov.my (assessed on 3 January 

2012). 

23. Coenen, S.; Costers, M.; de Corte, S.; De Sutters, A.; Goossens, H. The first European Antibiotic 

Awareness Day after a decade of improving outpatient antibiotic use in Belgium. Acta Clin. Belg. 

2008, 63, 296–300. 

24. McNulty, C.A.; Lecky, D.M.; Farrell, D.; Kostkova, P.; Adriaenssens, N.; Koprivová, H.T.; Holt, J.; 

Touboul, P.; Merakou, K.; Koncan, R.; et al. Overview of e-Bug: An antibiotic and hygiene 

educational resource for schools. J. Antimicrob. Chemother. 2011, 66 (suppl. 5), v3–v12, doi: 

10.1093/jac/dkr119. 

25. Goossens, H.; Ferech, M.; Vander, S.R.; Elseviers, M. Outpatient antibiotic use in Europe and 

association with resistance: A cross-national database study. Lancet 2005, 365, 579–587. 

26. Blanc, V.; Bruno-Bazureault, P.; Malicki, A.; Berthier, F.; Dunais, B.; Touboul, P.; Hofliger, P.; 

Fosse, T.; Pradier, C.; Dellamonica, P. “Antibiotics only when necessary” campaign in the  

Alpes-Maritimes district: No negative impact on invasive infections in children in the community 

1998–2003. Presse Med. 2008, 37, 1739–1745. 

27. Sabuncu, E.; David, J.; Bernède-Bauduin, C.; Pépin, S.; Leroy, M.; Boëlle, P.Y.; Watier, L.; 

Guillemot, D. Significant reduction of antibiotic use in the community after a nationwide 

campaign in France 2002–2007. PLoS Med. 2009, 6, e1000084, doi: 10.1371/journal.pmed.1000084. 

28. Touboul, P.; Dunais, B.; Urcan, J.M.; Michard, J.L.; Loarer, C.; Azanowsky, J.M.; Vincent, I.; 

Jestin, C.; Housseau, B.; de Warren, A.; Dellamonica, P. The e-Bug Project in France.  

J. Antimicrob. Chemother. 2011, 66 (Suppl. 5), v67–v70. 



Int. J. Environ. Res. Public Health 2013, 10 2930 

 

 

29. Azevedo, M.M.; Pinheiro, C.; Yaphe, J.; Baltazar, F. Portuguese students’ knowledge of 

antibiotics: A cross-sectional study of basic, secondary and university students in Braga. BMC 

Public Health 2009, 9, 359, doi: 10.1186/1471-2458-9-359. 

30. Direcção Geral da Inovação e de Desenvolvimento Curricular. Programa de Biologia 12° ano. 

Curso Cientıfico-Humanístico de Ciências e Tecnologias, Ministério da Educação: Lisboa, 

Portugal, 2004. Available online: www.dgidc.min-edu.pt/ensinosecundario/index.php?s= 

directorio&pid=2&letra=B (assessed on 3 January 2012). 

31. Michael, J. What makes physiology hard for students to learn? Results of a faculty evaluation. 

Adv. Physiol. Educ. 2007, 31, 34–40. 

32. Lujan, H.L.; DiCarlo, S.E. Too much teaching, not enough learning: what is the solution?  

Adv. Physiol. Edu. 2006, 30, 17–22. 

33. Carvalho, C.; West, C.A. Voluntary participation in an active learning exercise leads to a better 

understanding of physiology. Adv. Physiol. Edu. 2011, 35, 53–58. 

34. Jones, M.G.; Rua, M.J. Conceptual representations of flu and microbial illness held by students, 

teachers, and medical professionals. Sch. Sci. Math. 2008, 108, 263–278. 

35. Jones, G.; Gardner, G.E.; Lee, T.; Poland, K.; Robert, S. The impact of microbiology instruction 

on student’s perceptions of risk related to microbial illness. Int. J. Sci. Educ. 2012, 1–15, doi: 

10.1080/21548455.2012.684434. 
36. Fonseca, M.J.; Santos, L.C.; Costa, P.; Lencastre, L.; Tavares, F. Increasing awareness about 

antibiotic use and resistance: A hands-on project for high school students. PLoS ONE 2012, 7, 

e44699, doi: 10.1371/journal.pone.0044699. 

37. Kim, S.O.; Kim, N.S.; Ji, S.M.; Woo, K.S.; Song, H.J.; Kim, E.J. Antibiotic Use and Related 

Awareness of Physician, Pharmacist and Consumer; Korea Food and Drug Administration: Seoul, 

Korea, 2004. 

38. McNulty, C.A.M.; Boyle, P.; Nichols, T.; Clappison, P.; Davey, P. The public’s attitudes to and 

compliance with antibiotics. J. Antimicrob. Chemoth. 2007, 60, 63–68. 

39. Buke, C.; Hosgor-Limoncu, M.; Ermertcan, S.; Ciceklioglu, M.; Tuncel, M.; Köse T.; Eren S. 

Irrational use of antibiotics among university students. J. Infection 2005, 51, 135–139. 

40. Bartolini, A.; Pallecchi, L.; Benedetti, M.; Fernandez, C.; Vallejos, Y.; Guzman, E.; Villagran, A.L.; 

Mantella, A.; Lucchetti, C.; Bartalesi, F.; et al. Assessing motivation for physicians to prevent 

antimicrobial resistance in hospitalized children using the Health Belief Model as a framework. 

Amer. J. Infect. Control 2005, 33, 175–181. 

41. Krivoy, N.; El-Ahal, W.A.; Bar-Lavie, Y.; Haddad, S. Antibiotic prescription and cost patterns in 

a general intensive care unit. Pharm. Pract. 2007, 5, 63–73. 

42. Brookes-Howell, L.; Elwyn, G.; Hood, K.; Wood, F.; Cooper, L.; Goossens, H.; Ieven, M.;  

Butler, C.C. “The body gets used to them”: Patients’ interpretations of antibiotic resistance and 

the implications for containment strategies. J. Gen. Intern. Med. 2012, 27, 766–772. 

43. Davey, P.; Pagliari, C.; Hayes, A. The patient’s role in the spread and control of bacterial 

resistance to antibiotics. Clin. Microbiol. Infect. 2002, 8, 43–68. 

44. Sun, K.S.; Seongmi, M.; Jung, K.E. Public knowledge and attitudes regarding antibiotic use in 

South Korea. J. Korean Acad. Nurs. 2011, 41, 742–749. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Goossens%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22065334
http://www.ncbi.nlm.nih.gov/pubmed?term=Ieven%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22065334
http://www.ncbi.nlm.nih.gov/pubmed?term=Butler%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=22065334


Int. J. Environ. Res. Public Health 2013, 10 2931 

 

 

45. Kiang, K.M.; Kieke, B.A.; Como-Sabetti, K.; Lynfield, R.; Besser, R.E.; Belongia, E.A. Clinician 

knowledge and beliefs after statewide program to promote appropriate antimicrobial drug use. 

Emerg. Infect. Dis. 2005, 11, 904–911. 

46. Lecky, D.M.; McNulty, C.A.; Adriaenssens, N.; Koprivová H.T.; Holt, J.; Kostkova, P.; Merakou, K.; 

Koncan, R.; Olczak-Pienkowska, A.; Avô, A.B.; et al. Development of an educational resource on 

microbes, hygiene and prudent antibiotic use for junior and senior school children. J. Antimicrob. 

Chemother. 2011, 66 (Suppl. 5), v23–v31. 

47. Farrell, D.; Kostkova, P.; Weinberg, J.; Lazareck, L.; Weerasinghe, D.; Lecky, D.M.; McNulty, C.A. 

Computer games to teach hygiene: An evaluation of the e-Bug junior game. J. Antimicrob. 

Chemother. 2011, 66 (Suppl. 5), v39–v44. 

48. Madle, G.;  Kostkova, P.; Weinberg, J. Bugs and drugs on the Web: Changes in knowledge of 

users of a web-based education resource on antibiotic prescribing. J. Antimicrob. Chemother. 

2009, 63, 221–223. 

49. McKay, R.M.; Vrbova, L.; Fuertes, E.; Chong, M.; David, S.; Dreher, K.; Purych, D.;  

Blondel-Hill, E.; Henry, B.; Marra, F.; et al. Evaluation of the Do Bugs Need Drugs? Program in 

British Columbia: Can we curb antibiotic prescribing? Can. J. Infect. Dis. Med. Microbiol. 2011, 

22, 19–24. 

50. Avô, A.B.; Costa, C.; Amann, G.; Gaspar, M.J.; Batista, I. Implementation of the e-Bug Project 

in Portugal. J. Antimicrob. Chemother. 2011, 66 (Suppl. 5), v81–v83. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


