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Abstract

:

In response to the antimicrobial resistance issue, the World Health Organization developed and conducted a survey in 2015 dealing with habits, antibiotic use, awareness of appropriate use and sensitization to the issue of antibacterial resistance. In France, we conducted a similar survey to investigate the use of antibiotics and students’ perceptions of the antibiotic resistance risk. Our results indicated that antibiotics are moderately taken (42% in the last six months), but mistakes remain in appropriate practices and knowledge. Many people still believe that the body develops resistance to antibiotics and 24% responded that antibiotics can be stopped before the end of the treatment if they feel better. Furthermore, only 14% said antibiotics could be used to treat gonorrhea while 57% indicated that influenza could be treated with antibiotics. We looked at risk perception as well, and noticed that students in biology were more aware of risk (mean score = 48.87) and health consequences (mean score = 40.33) than mathematics students (mean score = 44.11 and 37.44). They were more aware of the threat, had a better understanding of antibiotic resistance and their denial of this risk was less significant (mean score = 27.04 against 23.81). However, the importance of providing a minimum level of knowledge to young students has been emphasized, regardless of the field of expertise.
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1. Introduction


Antibiotic-resistant organisms have emerged as a major public health concern, particularly in healthcare centers [1]. Bacteria have innate resistance mechanisms, but they can also develop resistance mechanisms to resist antibiotics [2,3]. Antibiotics have saved many lives, yet antibiotic resistance (ABR) has become a global issue [4]. ABR is ancient, natural and existed before the discovery of modern antibiotics in the 1940s [5]. However, antibiotic overuse creates selection pressure, forcing infection prevention and control strategies to prevent the spread of multidrug resistant infections [6,7]. ABR genes (ARGs), which are found in soil and water, are the most common source of ABR in the environment [8]. Institutions have been informed of the number of potential deaths and economic costs that this public health issue could cause. [9,10,11,12]. Hence, the World Health Organization (WHO) described a lack of new innovative antibiotics in 2019 and emphasized the need to change the way antibiotics are currently administered, as well as the difficulties of medical procedures such as caesarean sections and hip replacements [10,13]. This emerging risk, with a slow or non-existent reversibility rate [14], can be addressed through appropriate antibiotic use (i.e., dosage adherence, treatment completion, and the absence of self-medication), control strategies and education of the population on appropriate practices to reduce the spread of resistance [15].



According to previous research, less than half of Europeans are aware that antibiotics are ineffective against viruses [16]. Results of surveys of doctors in the Chicago area showed that only 60% of doctors supported restricting the use of broad-spectrum antibiotics [17]. In addition, work on junior doctors has been done previously in France and Scotland [18]. Their findings revealed that only 26% of this population are aware of the true prevalence of antibiotic misuse.



Beyond work on professionals, the WHO has decided to initiate work on risk perception and uses of the population in selected countries in 2015 [19]. The WHO survey was conducted with 9772 respondents from 12 countries, with two countries per continent. These countries were included in their study: Nigeria and South Africa for the African region, Barbados and Mexico for the American region, India and Indonesia for the Southeast Asian region, Russian Federation and Serbia for the European region, Egypt and Sudan for the Eastern Mediterranean region and China and Vietnam for the Western Pacific region. Their purpose was to assess knowledge about the appropriate use of antibiotics worldwide, with a focus on awareness of ABR risk.



As the authors explained, the limitations of their survey lie in the fact that only two countries were picked per “region”. In Europe, Serbia and Russia were selected. The lack of participants from West European countries has been partially overcome by Prigitano and co-workers in 2018 [20]. They did similar work in Italy with junior and senior students. By modifying the original WHO questionnaire entitled “Antibiotic resistance: multicountry public awareness survey”, they chose to also investigate personal use of antibiotics, knowledge of antibiotics and perception of the phenomenon of resistance. A total of 797 students in the medical field in Milan answered this survey.



France was not included in these former works. France remains a country with a high antibiotic consumption rate in Europe, despite recent campaigns to reduce inappropriate prescription [21,22]. It is therefore necessary to look at the practices, knowledge and perception of this risk in the population in order to better understand this phenomenon. Nevertheless, studies about ABR need to be continued in order to expand knowledge of ABR perception. In this article, we have performed similar work based on the WHO survey and the previous Italian study [20]. The first purpose was to study another country in Western Europe to improve WHO results. Furthermore, improvements have been made in the questionnaire to allow finer interpretations using Likert scales instead of true/false answers. In fact, the former works were only descriptive [19,20]. However, ABR is an emerging risk faced with a lack of knowledge on the part of the population, but also with a pre-established social perception. This is why we worked on knowledge on the one hand, and on social perception and self-reported behaviors on the other. This work was enhanced by the addition of these two complementary perspectives, which added a new dimension to previous work that focused on the description of uses and knowledge.



Three hypotheses were formulated. The first one was that subjects with inappropriate practices (i.e., non-adherence to dosage and self-medication) would have a lower perception of ABR risk. They would express less concern about health consequences of this risk and they would express more denial about this risk than subjects with appropriate practices (i.e., dosage adherence, treatment completion, and the absence of self-medication). The second hypothesis was that the more the risk would be perceived, the less people would express denial and the more they would express concern about health consequences of ABR. The third hypothesis was that subjects with a higher expertise in life sciences especially in microbiology and virology would have a higher perception of ABR risk and more concern about health consequences of this risk while having a lower denial of the phenomenon of ABR risk.




2. Materials and Methods


2.1. Participants


The survey was carried out on 310 young students in science (first- to third-year students, 114 women (36.8%) and 196 men (63.2%); mean age = 19.79, SD = 1.74, range 18–34). Among these students, 254 (81.9%) were in life sciences and 56 (18.1%) were in mathematics. A total of 79 women (31.1%) and 175 men (68.9%) were in life sciences; mean age = 19.86, SD = 1.83, range 18–34. A total of 21 women (37.5%) and 35 men (62.5%) were in mathematics; mean age = 19.46, SD = 1.25, range 18–25.



Life sciences students can be considered as “experts” compared to mathematics students, who can be considered as “naive” in our study. All of the 310 respondents were students at the University of Nîmes, south France in an urban area. All the students present during our class interventions answered our questionnaire and none refused.




2.2. Measures


G*Power software was used for each statistical analysis in the study. We used the same protocol as Prigitano and colleagues [20], based on the original WHO questionnaire while including some modifications to the measures they proposed and adding a supplementary scale (see Supplementary Materials, Figures S1 and S2). The survey was divided on 3 parts: the first part dealing with uses and general knowledge was constructed of 7 closed questions (questions #1 to #7). In a second part, participants were asked to answer one scale in a counterbalanced order composed of 20 items (question #8). These items are based on the 19 items proposed by Prigitano and colleagues (and one additional item we included in this scale), but instead of true/false answers, participants answered on 6-point Likert scales (from 1 = “not agree at all” to 6 = “completely agree”). This scale included ten negative items (items 2, 6, 7, 8, 10, 14, 15, 17, 18 and 20) which were reverse-coded prior to analysis (see Supplementary Materials, Tables S1 and S2 for raw data and explanatory information).



The first scale (question #8) initially presented satisfactory internal reliability (α = 0.69).



The third part was added to the protocol and measured general ABR risk perception and was composed of 8 items (question #9) with 10-point Likert scales (from 1 = “not agree at all” to 10 = “completely agree”). This scale has been added based on previous works [23,24].



Bartlett’s Test of Sphericity (χ2(190) = 646.48, p < 0.001) and the KMO index (0.743) both supported Exploratory Factor Analyses (EFA) conducted on the first scale. The initial unrotated solution obtained with Principal Component Analysis (PCA) revealed satisfactory communalities (>0.300). The first factor of this initial unrotated solution explained 17.05% of the total variance, which led us to pursue analyses to explore the potential multidimensional structure of the scale.



Next, a rotated solution was calculated (with Varimax rotation) which converged in 6 iterations. However, the scree test suggested a possible factor structure composed of two main dimensions. We then computed a rotated solution based on two dimensions. In this rotated solution, items 10, 16 and 17 loaded <0.300 and were suppressed. In the next rotated solution items 3 and 15 loaded <0.300 and were suppressed.



In the final rotated solution, items 1, 4, 5, 6, 9, 11, 12 and 13 loaded >0.300 on the first factor, which explained 17.28% of the total variance after rotation and items 2, 7, 8, 14, 18 and 19 loaded >0.300 on the second factor, which explained 13.66% of the total variance after rotation (Table 1). Item 20 was suppressed because of its poor contribution in terms of meaning.



The first factor presented acceptable internal reliability (α = 0.64) but the second factor presented a weaker internal reliability (α = 0.56).



These exploratory analyses allowed us to identify a first dimension dealing with the concern about the consequences of ABR risk in the health domain and a second dimension dealing with the denial of ABR risk. The dimension of concern for health consequences was composed of 8 items such as “if bacteria are resistant to antibiotics, it can be very difficult or impossible to treat the infections they cause” or “many infections are becoming increasingly resistant to treatment by antibiotics”. The denial of ABR dimension was composed of 6 items such as “I am not concerned about the impact of bacterial resistance on my health or that of my family” or “antibiotic resistance is only a problem for people who take antibiotics regularly”.



Concerning the dimension of concern for health consequences of ABR risk, the higher the score is, the higher the concern for health consequences of ABR risk is. For the dimension of denial of ABR risk, the higher the score is, the lower the denial of the ABR risk is.



Bartlett’s Test of Sphericity (χ2(28) = 349.97, p < 0.001) and the KMO index (0.658) both supported Exploratory Factor Analyses (EFA) conducted on the second scale.



The initial unrotated solution obtained with Principal Component Analysis (PCA) revealed satisfactory communalities (>0.300) for all items (except item 6) which contributed to the first factor of this initial unrotated solution which explained 29.63% of the total variance, which led us to consider this scale as unidimensional (Table 2). We computed another unrotated solution without item 6. In this final solution, all items contributed >0.300 to a single factor, which explained 33.63% of the total variance. This scale presented an acceptable internal reliability (α = 0.64) and included items such as “I consider that antibiotic resistance represents a risk”. The higher the score is on the risk perception scale, the higher the risk perception is.





3. Results


3.1. Uses and Knowledge


A total of 129 people (42%) took antibiotics in the last six months, with 42 people (14%) in the past month (Figure 1, #1). These results are consistent with those described previously [19,20]. A total of 84% of respondents were prescribed antibiotics by a doctor and 85% received advice from a health professional (Figure 1, #2, #3). A total of 24% still think you can stop antibiotic treatment when you feel better (Figure 1, #4). This proportion was much higher than Prigitano’s results (4%), but in agreement with the WHO’s (25%). A slight majority (67%) considered you cannot take former antibiotics if it is to treat the same illness compared to 90% of Prigitano’s and 49% of WHO’s (Figure 1, #5). Answers for question #6 are in agreement with the WHO’s study (Figure 1, #6).



For question #7, there was a list containing 13 pathologies or symptoms. Four of them were treatable with antibiotics: gonorrhea, bladder or urinary infection, skin infection and traumatic wound (circled in green, Figure 2). Among the nine others, some diseases were caused by viruses (HIV, flu, measles), parasites (malaria), or were just symptoms (diarrhea, fever, sore throat, body aches, headache). A total of 10% of our respondents gave only good answers but did not quote them all. Only one respondent gave all the good answers. A total of 73% gave at least one good answer mixed with wrong ones and 16% gave only wrong answers. Only 14% considered gonorrhea could be treated with antibiotics. A large majority selected bladder infection is treatable with antibiotics (75%). Some symptoms were thought to be treated with antibiotics for respondents, like diarrhea (29%), fever (38%) and sore throat (38%). As well, some diseases caused by parasites or viruses were selected by students, like HIV (6%), flu (57%), malaria (17%) and measles (27%).




3.2. Risk Perception and Health Consequences Concern


We worked on risk perception measures. Figure 3 shows some trends based on average scores on selected items. Students appeared to be aware that there is a risk in France (Figure 3, items 1, 4, 6 and 9) and agree with appropriate practices when they are proposed (Figure 3, items 3 and 12).



However, a lack of knowledge is highlighted with expertise questions about ABR and its transmission, as shown in Figure 4.



In line with our first hypothesis (Table 3), participants with the correct answer to question #4 (After starting treatment, when do you think you should stop taking antibiotics?) expressed less denial about ABR risk (i.e., they had a higher score on the denial scale than participants with the incorrect answer. They also showed more concern for health consequences of ABR risk.



Participants with the correct answer for question #5 (Do you think that antibiotics that have been given to others (a friend or family member) can be used as long as they have been used to treat the same illness?) expressed more concern for health consequences of ABR risk than participants with the incorrect answer and had a higher perception of ABR risk than participants with the incorrect answers.



Participants with the correct answer for question #6 (Do you think you can ask a doctor for the same antibiotics, if they have treated the same symptoms in the past?) expressed more concern for health consequences of ABR risk than participants with the incorrect answer did. They expressed less denial about ABR risk than participants with the incorrect answer and a higher perception of ABR risk than participants with the incorrect answers did (data summed up in Table 3).



Consistent with our second hypothesis (the more the risk is perceived, the less denial is expressed and the more concern about it there is), results revealed a moderate and positive relation between perception of ABR risk and the expression of denial about this risk, r(282) = 0.454 p < 0.001. The more participants perceived ABR risk, the less they expressed denial about this risk. We also found a strong and positive relation between perception of ABR risk and concern for health consequences of this risk, r(286) = 0.521 p < 0.001: the more participants perceived ABR risk, the more they expressed concern for health consequences of this risk.



Regarding our third hypothesis, life science students expressed less denial about ABR risk (they had a higher score on denial scale) than mathematics students. We also found that life science students expressed more concern for health consequences of ABR risk than mathematics students did. Finally, life science students had a higher perception of ABR risk than mathematics students did (data summed up in Table 4).



We investigated the effect of the year of study on the expression of denial about ABR risk and found a principal effect of the year of study (first- to third-year) on the expression of denial about ABR risk, F(2, 283) = 14.18, p < 0.001, η2p = 0.091. Tukey’s post hoc tests revealed significant differences between participants in first-year (m = 24.99, SD = 4.62) and participants in second-year (m = 27.06, SD = 4.66), p = 0.010, 95% CI [−3.71, −0.42] and between participants in first-year (m = 24.99, SD = 4.62) and participants in third-year (m = 28.56, SD = 5.25), p < 0.001, 95% CI [−5.20, −1.94]. Denial was more prevalent among younger students than among older students (Figure 5).



We also observed a principal effect of the year of study on the expression of concern for health consequences of ABR risk, F(2, 287) = 5.80, p = 0.003 η2p = 0.039. Tukey’s post hoc tests revealed significant differences between participants in first-year (m = 38.76, SD = 5.14) and participants in third-year (m = 41.10, SD = 4.93), p = 0.005, 95% CI [−4.09, −0.58]. Younger students were less concerned about health consequences than older students (Figure 5).



Finally, we observed a principal effect of the year of study on the perception of ABR risk, F(2, 303) = 3.80, p = 0.024 η2p = 0.024. Tukey’s post hoc tests revealed significant differences between participants in first-year (m = 46.41, SD = 9.59) and participants in third-year (m = 49.85, SD = 9.24), p = 0.025, 95% CI [−6.53, −0.35]. Younger students were less concerned about ABR risk than older students (Figure 6).





4. Discussion


The results were compared with those of a 2015 WHO survey of 9772 adults from 12 low (Egypt, India, Indonesia, Nigeria, Sudan, Vietnam) and high (Barbados, China, Mexico, Russian Federation, South Africa, Serbia) income countries [19]. The goal of our study was to assess the knowledge and applications of students at the University of Nîmes. First of all, the results of the questions on use and knowledge are very similar to former studies. We observed a low percentage of students that have taken antibiotics in the past month (14%). The WHO remarked that people in countries with higher income take fewer antibiotics than people living in countries with lower income. One possible explanation is that some antibiotics are available without a prescription in pharmacies [25,26]. Secondly, the same inaccuracies are observed about knowledge of ABR. They observed that 76% of participants still believe that the body rather than bacteria cause ABR. Moreover, 44% of respondents said that regular use of antibiotics was a prerequisite for becoming infected with a resistant strain, which is a second inaccuracy. For questions #4–6, we remarked that respondents have made more errors and misstatements concerning the prescription and use of antibiotics. We noticed that, in contrast to the previous study, where bladder infection was frequently chosen (75%) for question #7, only 14% chose gonorrhea, possibly due to a lack of knowledge about this disease. It is possible that the high rate of flu response is because secondary infections caused by the flu can be treated with antibiotics [27]. These findings corroborate Prigitano’s results. Younger students appear to be less aware of bacterial infection-related diseases than senior students.



We predicted that subjects who engaged in inappropriate behavior would be less concerned about the health consequences of ABR than those who engaged in appropriate behavior. We also assumed that they would be less concerned about the threat of ABR. This hypothesis appears to be corroborated. Indeed, we used three questions to determine which practices were appropriate and which were not. Only for question #6, we discovered that subjects who follow appropriate practices are more concerned about the health consequences of ABR risk and perceive ABR risk to be higher to a lesser extent. In addition, subjects who follow appropriate practices are less likely than those who follow incorrect ones to deny ABR risk (for questions #4 and #6). These findings appear to be consistent because people who use antibiotics appropriately may have more information, knowledge, and concern about ABR risk and its consequences. However, we noticed that 75% of participants answered correctly to questions #4 and #5 concerning self-medication. Furthermore, only 50% of participants answered correctly to question #6, which concerned suggesting to the doctor the possibility of repeating a previous prescription for the same symptoms.



We hypothesized that the more participants perceived ABR risk, the more concerned they would be about the health implications of this risk and the less denial they would express. This second hypothesis is also supported by the finding that there is a positive relationship between risk perception and health consequences, with higher perception of ABR risk corresponding to more concern for health consequences associated with this risk. We also discovered a link between the perception of ABR risk and the expression of denial of that risk. Indeed, the more participants are convinced that ABR is a high risk, the less denial they express.



These results suggest that people need to be aware of a risk to be aware of its health implications. Because ABR is a new risk, it has received less media attention. ABR is not perceived as a concrete and existing phenomenon, and this leads to a form of denial about the risk and its negative impacts (and reciprocally). This underlines the importance of communicating and informing the general public about this risk, especially as awareness of this risk can reduce self-medication. Finally, we expected to find differences between life science and mathematics students regarding the phenomenon of ABR. We hypothesized that life science students would have a higher perception of ABR risk and would be more concerned about the health consequences of this risk than mathematics students. We also stated that life science students would be less likely than mathematics students to deny ABR risk. Life science students were also found to be less likely to deny ABR risk than mathematics students.



When it came to risk perception, we noticed differences based on the level of expertise. Students following microbiology courses (as did the participants we considered as experts compared to mathematics students in our study) are more aware of the risk since their professors are more aware. This phenomenon has previously been observed and studied in another field: ecology. Differences between experts and naive subjects in knowledge utilization and mobilization to answer questions were shown [28].



We observe that the more specialist one is, the more one perceives the risk of this emerging danger. Information can only be considered as relevant when one is close to a reliable source of information, that is to say, a scientific source of information. Yet, not only do experts have access to this type of information but they are able to understand it. This is not always the case for naive people who require a popularized form of information since they have no pre-made knowledge of the domain. However, a trend was discovered in this research. Even experts are not immune to erroneous answers and practices [29]. Finally, we observed that third-year students expressed less denial of ABR risk than first-year students. We also noticed that third-year students were more concerned about the health consequences of ABR risk and perceived ABR risk to be higher than first-year students. These findings could indicate that students develop and improve their knowledge of ABR during and after their studies.



The limitations of the study are the sample size (Anovas performed in this study presented very low statistical power and must be considered as exploratory results), the age range and the educational level of respondents. The absence of a control group involving people who do not have a high level of education can be noted. Yet, our study underlined that there is an urgent need for information, education and awareness development about ABR risk.




5. Conclusions


Data obtained from 310 students of high level of education at the University of Nîmes, in urban areas, cannot be applied to the whole French population. Nevertheless, significant improvements have been made in order to enhance and shade the results of previous works. Nonetheless, no study on the French population has been conducted to date. The latter could be used as a complement to the WHO study to enrich our understanding of this emerging risk. Our findings suggest that it is critical to inform and communicate with the general public in a simple way about ABR risk. This requires a better awareness and knowledge about disease treatments and antibiotic therapies, regardless of the expertise field. This will help to prevent self-medication and promote appropriate practices.



This study is part of a global awareness of this emerging risk that must be urgently considered. Indeed, the worrying evolution of this threat is dependent on appropriate practices and the awareness is crucial. It means dosage adherence and no self-medication behaviors are encouraged.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/ijerph18189692/s1, Figure S1: Questionnaire passed in English, Figure S2: Questionnaire passed in French, Table S1: Raw data from questionnaires, Table S2: Coding data for Question #7.





Author Contributions


Conceptualization, Z.B. and V.D.; methodology, V.D., E.C. and J.M.; software, E.C. and J.M.; validation, E.C., V.D. and J.M.; formal analysis, V.D. and E.C.; investigation, V.D. and E.C.; data curation, V.D.; Writing—Original draft preparation, V.D. and E.C.; Writing—Review and Editing, V.D., E.C., J.M., K.W., P.R., P.M. and Z.B.; supervision, Z.B.; project administration, V.D., E.C. and Z.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by La Region Occitanie and the University of Nîmes, France.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Patient consent was waived due to absence of personal data collection.




Data Availability Statement


All raw data can be found in Supplementary Materials: Tables S1 and S2.




Acknowledgments


The authors would like to thank Rosales-Hurtado for her help and availability to distribute surveys to students. The authors also thank all the professors allowed us to conduct the survey at the beginning of their courses and all of the participants for their kind participation.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gilbert, D.; Guidos, R.; Boucher, H.W.; Edwards, J.; Spellberg, B.; Scheld, W.M.; Bradley, J.; Bartlett, J.G. The Epidemic of Antibiotic-Resistant Infections: A Call to Action for the Medical Community from the Infectious Diseases Society of America. Clin. Infect. Dis. 2007, 46, 155–164. [Google Scholar] [CrossRef]

	



Noah, R.-F. The Landscape of Antibiotic Resistance. Environ. Health Perspect. 2009, 11, 245–250. [Google Scholar]

	



Pidot, A.S.J.; Gao, W.; Buultjens, A.H.; Monk, I.R.; Guerillot, R. Increasing tolerance of hospital Enterococcus faecium to handwash alcohols. Sci. Transl. Med. 2018, 10, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Friedman, N.D.; Temkin, E.; Carmeli, Y. The negative impact of antibiotic resistance. Clin. Microbiol. Infect. 2016, 22, 416–422. [Google Scholar] [CrossRef] [PubMed]

	



D’Costa, V.M.; King, C.E.; Kalan, L.; Morar, M.; Sung, W.W.L.; Schwarz, C.; Froese, D.; Zazula, G.; Calmels, F.; Debruyne, R.; et al. Antibiotic resistance is ancient. Nature 2011, 477, 457–461. [Google Scholar] [CrossRef] [PubMed]

	



Mulvey, M.R.; Simor, A.E. Antimicrobial resistance in hospitals: How concerned should we be? Cmaj 2009, 180, 408–415. [Google Scholar] [CrossRef]

	



Tello, A.; Austin, B.; Telfer, T.C. Selective pressure of antibiotic pollution. Environ. Health Perspect. 2012, 120, 1100–1106. [Google Scholar] [CrossRef]

	



Pruden, A.; Larsson, D.G.J.; Amézquita, A.; Collignon, P.; Brandt, K.K.; Graham, D.W.; Lazorchak, J.M.; Suzuki, S.; Silley, P.; Snape, J.R.; et al. Management of Options for Reducing the Release of Antibiotics. Environ. Health Perspect. 2013, 121, 878–885. [Google Scholar] [CrossRef] [PubMed]

	



Fair, R.J.; Tor, Y. Antibiotics and bacterial resistance in the 21st century. Perspect. Med. Chem. 2014, 6, 25–64. [Google Scholar] [CrossRef]

	



Neill, J.O. Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nation. Available online: https://wellcomecollection.org/works/rdpck35v (accessed on 13 September 2021).

	



Reardon, S. Phage therapy gets revitalized. Nature 2014, 510, 15–16. [Google Scholar] [CrossRef]

	



WHO. Global Action Plan on Antimicrobial Resistance. Microbe Mag. 2015, 10, 354–355. [Google Scholar] [CrossRef]

	



Laxminarayan, R.; Duse, A.; Wattal, C.; Zaidi, A.K.M.; Wertheim, H.F.L.; Sumpradit, N.; Vlieghe, E.; Hara, G.L.; Gould, I.M.; Goossens, H.; et al. Antibiotic resistance-the need for global solutions. Lancet Infect. Dis. 2013, 13, 1057–1098. [Google Scholar] [CrossRef]

	



Andersson, D.I.; Hughes, D. Antibiotic resistance and its cost: Is it possible to reverse resistance? Nat. Rev. Microbiol. 2010, 8, 260–271. [Google Scholar] [CrossRef]

	



Bell, B.G.; Schellevis, F.; Stobberingh, E.; Goossens, H.; Pringle, M. A systematic review and meta-analysis of the effects of antibiotic consumption on antibiotic resistance. BMC Infect. Dis. 2014, 14, 1–25. [Google Scholar] [CrossRef]

	



European Commission. Special Eurobarometer 445 Antimicrobial Resistance; European Commission: Brussels, Belgium, 2016. [Google Scholar]

	



Wester, C.W.; Durairaj, L.; Evans, A.T.; Schwartz, D.N.; Husain, S.; Martinez, E. Antibiotic resistance. Arch. Int. Med. 2002, 162, 2210–2216. [Google Scholar] [CrossRef] [PubMed]

	



Pulcini, C.; Williams, F.; Molinari, N.; Davey, P.; Nathwani, D. Junior doctors’ knowledge and perceptions of antibiotic resistance and prescribing: A survey in France and Scotland. Clin. Microbiol. Infect. 2011, 17, 80–87. [Google Scholar] [CrossRef] [PubMed]

	



WHO. Antibiotic Resistance: Multi-Country Public Awareness Survey; WHO: Geneva, Switzerland, 2015. [Google Scholar]

	



Prigitano, A.; Romanò, L.; Auxilia, F.; Castaldi, S.; Tortorano, A.M. Antibiotic resistance: Italian awareness survey 2016. J. Infect. Public Health 2018, 11, 30–34. [Google Scholar] [CrossRef]

	



Chahwakilian, P.; Huttner, B.; Schlemmer, B.; Harbarth, S. Impact of the French campaign to reduce inappropriate ambulatory antibiotic use on the prescription and consultation rates for respiratory tract infections. J. Antimicrob. Chemother. 2011, 66, 2872–2879. [Google Scholar] [CrossRef] [PubMed]

	



Vander Stichele, R.H.; Elseviers, M.M.; Ferech, M.; Blot, S.; Goossens, H. Hospital consumption of antibiotics in 15 European countries: Results of the ESAC retrospective data collection (1997–2002). J. Antimicrob. Chemother. 2006, 58, 159–167. [Google Scholar] [CrossRef]

	



Slovic, P. The Perception of Risk; Earthscan Publications: London, UK, 2000. [Google Scholar]

	



Flament, C.; Rouquette, M.-L. Anatomie des Idées Ordinaires: Comment Étudier les Représentations Sociales; Armand Colin: Paris, France, 2003. [Google Scholar]

	



Cheaito, L.; Azizi, S.; Saleh, N.; Salameh, P. Assessment of self-medication in population buying antibiotics in pharmacies: A pilot study from Beirut and its suburbs. Int. J. Public Health 2013, 59, 319–327. [Google Scholar] [CrossRef]

	



Núñez, M.; Tresierra-Ayala, M.; Gil-Olivares, F. Antibiotic self-medication in university students from Trujillo, Peru. Med. Univ. 2016, 18, 205–209. [Google Scholar] [CrossRef]

	



Bonten, M.J.M.; Prins, J.M. Antibiotics in pandemic flu. Br. Med. J. 2006, 332, 248–249. [Google Scholar] [CrossRef] [PubMed]

	



Shafto, P.; Coley, J.D. Development of Categorization and Reasoning in the Natural World: Novices to Experts, Naive Similarity to Ecological Knowledge. J. Exp. Psychol. Learn. Mem. Cogn. 2003, 29, 641–649. [Google Scholar] [CrossRef] [PubMed]

	



Jovchelovitch, S. Re-thinking the diversity of knowledge: Cognitive polyphasia, belief and representation. Psychol. Soc. 2007, 5, 121–138. [Google Scholar]








[image: Ijerph 18 09692 g001 550] 





Figure 1. Percentages of response to first 6 questions. 
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Figure 2. Percentage of responses to question #7: “Which of the following diseases/disorders do you think can be treated with antibiotics?”. Treatable with antibiotics when circled in green. 






Figure 2. Percentage of responses to question #7: “Which of the following diseases/disorders do you think can be treated with antibiotics?”. Treatable with antibiotics when circled in green.



[image: Ijerph 18 09692 g002]







[image: Ijerph 18 09692 g003 550] 





Figure 3. Mean score obtained by respondents for concern about risk perception and appropriate practices concerning ABR risk (question #8, items 1, 3, 4, 6, 9, 12; score from 1 to 6). 
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Figure 4. Mean score obtained by respondents about ABR knowledge and its transmission (question #8, items 2, 7, 14, 15, 16, 17; score from 1 to 6). 
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Figure 5. Expression of denial and health consequences for ABR risk depending on the year of study. The higher the score is, the lower the denial of the ABR risk and the higher the concern for health consequences of ABR risk. * Score is the sum of the answers to the items 1, 4, 5, 6, 9, 11, 12, 13 of question #8. # Score is the sum of the answers to the items 2, 7, 8, 14, 18, 19 of question #8. 
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Figure 6. Perception of ABR risk depending on the year of study. The higher the score is, the higher the risk perception is. * Score is the sum of the answers to the items of question #9. 
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Table 1. Pattern matrices of the concern for health consequences of ABR risk scale and the denial of ABR risk scale (EFA—Principal Component Analysis, Varimax rotation).
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	Item
	Factor 1
	Factor 2





	1
	0.630
	0.046



	2
	−0.070
	0.521



	4
	0.588
	−0.070



	5
	0.465
	0.172



	6
	0.314
	0.275



	7
	0.053
	0.625



	8
	0.385
	0.575



	9
	0.511
	0.220



	11
	0.385
	0.277



	12
	0.559
	−0.019



	13
	0.688
	0.025



	14
	0.154
	0.555



	18
	0.301
	0.399



	19
	0.219
	0.437
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Table 2. Pattern matrices of the risk perception of the ABR scale (EFA—Principal Component Analysis).
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	Item
	Factor 1





	1
	0.749



	2
	0.785



	3
	0.570



	4
	0.336



	5
	0.386



	7
	0.481



	8
	0.600
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Table 3. First hypothesis data. D: Denial about ABR risk. HC: Health consequences of ABR risk. RP: Risk perception of ABR risk.
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First Hypothesis: Subjects with Inappropriate Practices Would Have a Lower ABR Risk Perception, Concern and More Denial About It




	

	
Question #4

	
Question #5

	
Question #6






	
Good answer data

	
D: m = 26.90, SD = 5.17

HC: m = 40.24, SD = 5.03

	
HC: m = 40.32, SD = 5.15

RP: m = 48.61, SD = 9.89

	
D: m = 27.48, SD = 5.00

HC: m = 41.02, SD = 4.86

RP: m = 50.66, SD = 9.90




	
Wrong answer data

	
D: m = 24.94, SD = 4.33

	
HC: m = 38.88, SD = 5.27

RP: m = 46.12, SD = 8.84

	
D: m = 25.43, SD = 5.00

HC: m = 39.13, SD = 5.31

RP: m = 46. 24, SD = 8.72




	
Global data

	
HC: t(269) = −2.834, p = 0.005, d = 0.39, 95% CI [−3.31, −0.60]

	
HC: t(266) = −2.037, p = 0.043, d = 0.28, 95% CI [−2.82, −0.05]

RP: t(281) = −1.939, p = 0.053, d = 0.26, 95% CI [−4.97, −0.04]

	
D: t(253) = −3.258, p = 0.001, d = 0.41, 95% CI [−3.29, −0.81]

HC: t(259) = −2.962, p = 0.003, d = 0.37, 95% CI [−3.14, −0.63]

RP: t(269) = −3.914, p < 0.001, d = 0.48, 95% CI [−6.66, −2.20]
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Table 4. Third hypothesis data.
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Third Hypothesis: Students with a High Expertise in Life Science Would Have a Higher ABR Risk Perception, Concern and Lower ABR Risk Denial.




	

	
Denial about ABR Risk

	
Concern for Health Consequences

	
Perception of ABR Risk






	
Life science students

	
m = 27.04, SD = 5.06

	
m = 40.33, SD = 4.83

	
m = 48.87, SD = 9.39




	
Mathematics students

	
m = 23.81, SD = 3.86

	
m = 37.44, SD = 6.23

	
m = 44.11, SD = 9.09




	
Global data

	
t(284) = −4.566, p < 0.001, d = 0.67, 95% CI [−4.62, −1.84]

	
t(288) = −3.811, p < 0.001, d = 0.56, 95% CI [−4.39, −1.40]

	
t(304) = −3.673, p < 0.001, d = 0.51, 95% CI [−7.31, −2.21]
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