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Abstract: Divulsuperbac (DSB) is a Service Learning project targeted at the educational community. It started in
2019 and has engaged Biology degree students in a Microbiology-focused initiative in the Valencian Community
(Spain), for four academic years. The DSB project comprises various outreach activities intending to raise
awareness of the superbugs’ threat to pre-university students. We created an exhibition that contained 14
infographics on the topic of antimicrobial resistance which was presented every week in high schools. The
infographics were presented by university students, who explained the problem to the pre-university students
and subsequently assessed their comprehension of the topic. The surveys conducted yielded satisfactory results,

which motivated us to extend this project to other regions of the world.
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1. Introduction

Antimicrobial resistance (AMR) is a growing global threat to health and social development.
Mitigating its harmful effects is an arduous task that requires the involvement of different sectors, as a
matter of urgency, to achieve the Sustainable Development Goals (SDGs) [1,2]. The WHO has declared
AMR to be one of the top 10 global public health threats facing humanity, and action on different
fronts is crucial. The scientific community agrees that both the misuse and overuse of antimicrobials
are the main contributors to the development of pathogens resistant to today’s drugs [3,4]. Lack
of safe water and sanitation and inadequate infection prevention and control favour the spread of
microbes, some of which may be resistant to antimicrobial treatment [5,6]. The cost of AMR to the
economy is significant. In addition to death and disability, it prolongs the time of suffering from the
disease, with longer hospital stays, requires more expensive drugs and creates financial problems for
those affected [6,7]. Everyone should be aware that without effective antimicrobials, the success of
modern medicine in treating infections, including during major surgery and cancer chemotherapy,
is compromised. The risk of being affected by this will increase if we do not hedge against its
uncontrolled development [8,9]. The DIVULSUPERBAC project encompasses a series of outreach
activities aimed at transmitting information about a health problem of growing importance, the threat
of superbugs, among pre-university students in the Valencian Community (Spain). The two main
objectives of this project are: a) to involve university students from the Faculty of Biology of the
Universitat de Valencia (UV), who will act to stimulate the vocation of pre-university students for
scientific training/research in Experimental and Health Sciences, and b) to raise awareness among the
educational community (students, teachers, families) about the health problem posed by bacteria that
are multiresistant to antibiotics [2,10,11]. The project involves university students in a Service Learning
(SL) activity [12], which continues previous activities carried out by members of our team, Small
World Initiative-Tiny Earth-MicroMundo [13]. These projects focused on bringing scientific culture
and biomedical research closer to HS students using a crowdsourcing strategy to isolate antibiotic-
producing microorganisms [14] and laid the foundations for DIVULSUPERBAC. Every academic
course, since 2019/20, the activity begins with World Antimicrobial Awareness Week (WAAW), which
is held in November. WAAW is a global campaign that aims to raise awareness of antimicrobial
resistance worldwide and encourage best practices among the general public, health workers and

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://orcid.org/0000-0003-4360-611X
https://orcid.org/0000-0001-9751-0143
https://doi.org/10.20944/preprints202406.1376.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2024 d0i:10.20944/preprints202406.1376.v1

20f 15

policymakers to slow the development and spread of drug-resistant infections. This project aims
to disseminate, in a didactic way, information about superbugs in the form of infographics among
pre-university students. The proposal represents the consolidation of a teaching innovation network
in which teachers from the UV participate, involving Bachelor’s/Master’s degree students and pre-
university teachers and students. The SL activity, in which the dissemination and training tasks are
carried out by a group of volunteers or a community (university students coordinated by professors
from the Department of Microbiology and Ecology of the UV) has had the invaluable collaboration of
teachers from High Schools (HS) in the Valencian Community.

2. Materials and Methods

2.1. Exhibition: Conception and Preparation of Infographics

An effective approach to raising awareness within society about the problem of Antimicrobial
Resistance (AMR) is through the creation of infographics. Infographics are visual representations of
information or data designed to present complex concepts or data clearly and concisely. They combine
text, images, charts, and other graphical elements to effectively communicate information and engage
the viewer.[15-17]. A collaborative and sequential approach was formulated, involving a group of
partners working together (Figure 1).
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Figure 1. Scheme of Divulsuperbac approach involving different educational levels in the Valencian
Community.

A total of 14 infographics (Table 1) were created by 3-4 students of the Biology degree (2018/19)
during the academic year 2018/19 as part of their coursework in Microbiology, within the Biology
program at the Universitat de Valéncia in Spain.

Table 1. List of infographics included in the exhibition.

Code  Title
01. The threat of multi-resistant bacteria to antibiotics
02. How much do you know about antibiotic resistance?
03. How did we get here?
04. ESKAPE

05. One health
06. Rebellion in the hospital!

07. Antibiotics: from the farm to the plate

08. Problems of antibiotics in agriculture

09. Intestinal dysbiosis: a serious unknown problem

10. Microbial resistance in the main sexually transmitted diseases
11. It will take your breath away! Tuberculosis

12. Alternatives to antibiotics

13. Economic impact of antimicrobial resistance

14. And you, what can you do against microbial resistance?
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Each infographic was prepared by an initial group of three-four students. Subsequently, each
infographic was reviewed by two other groups of students in successive rounds, and finally by the
subject teachers.

2.2. Participants and Partner High Schools

University professors responsible for the project contacted the network of teachers who had
participated in previous innovative projects (October-November), as well as other teachers who had
expressed interest in the exhibition. The option to join was also publicised among university students.
Subsequently, a calendar of weekly exhibition dates was scheduled between February and May of
each year. Every year, the infographic exhibition is first exhibited in the WAAW, which contributes to
some students joining the campaign. In the following phase (December -January) the Universitat de
Valencia (UV) teaching staff, supported by the junior monitors, train the students on the activities to be
developed (1-day workshop per group of 20 students). Lastly, groups of two to three students with
their junior monitor and their tutor (UV teacher) go to the HS and carry out the outreach and training
action (Figure 1).

2.3. Activities in High Schools (HS)

The university students were distributed among the HS, acting as curators of the exhibition in
pairs. They were given the contact details of the HS teachers who had requested the exhibition so that
they could outline and agree on the activities to be carried out during the week. The basic activities
were the assembly/disassembly of the panels in the HS and a guided visit with the HS teacher in
charge. In addition, the curators proposed a series of complementary activities. Assembly and guided
visits to the Infograms exhibition with the university monitors and the teacher responsible for the
group/groups of pre-university students (from several levels and several subjects) are foreseen. The
exhibition remained in each HS for 1-2 weeks. Then, we hold a debate at the HS on the problem of
bacterial resistance and its socio-economic impact. Finally, interactive tools (question/answer, software
Kahoot, games) to assess the understanding of the exhibition were carried out. This activity involved
a direct collaboration between university and pre-university students, as well as teachers from both
educational levels.

2.4. Design of Surveys and Evaluation Procedure

Once the activity was over, three types of anonymous surveys were carried out aimed at pre-
university students (Appendix Al), teachers (Appendix A2), and exhibition curators (university
students) (Appendix A3) to assess the level of satisfaction of all the participants.

The surveys consisted of different blocks and with responses based on a Likert scale of 5 values,
with 1 being the most negative and 5 the most positive [18]. This scale was used to measure the
attitudes, opinions and perceptions of the different participants in relation to the problem of bacterial
resistance to antibiotics and whether carrying out these practices could improve their knowledge and
awareness of a real problem, as well as increase their interest in science. An open block was included
to provide opinions and make proposals to improve the activity. The surveys of HS students consisted
of three closed blocks to evaluate their opinion on the scientific interest of the project, emphasizing the
concept of resistance to antibiotics and other general aspects of the project. The survey was based on
previous models developed to evaluate different aspects of the SWI-Tiny Earth/MicroMundo projects
in the US and the Iberian Peninsula [19]. The surveys of HS teachers consisted of two closed blocks
on the interest of the project for their students and their personal opinions. The commissioners of the
activity-filled out a survey in which they were consulted on scientific interest, antimicrobial resistance
and work in the centers).

Moreover, we concurrently created an online survey utilizing the Google Forms tool [20]. The
anonymous questionnaire comprised 13 questions, encompassing not only scientific inquiries but also
personal ones. This approach allows us to categorize the outcomes according to sociological data, in
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addition to the scientific aspects. The form was written in Spanish, since it is the language in which
we thought we could obtain a greater number of responses. Further, the results were translated into
English for publication purposes.

3. Results

The appearance of super-resistant bacteria is one of the main threats facing humanity in the 21st
century. One of the strategies to combat this phenomenon focuses on disseminating the problem
among society to raise awareness of the problem at all levels.

3.1. Dynamics of the Activities

One of the strategies developed by our group has focused on the development of different ex-
planatory panels in large formats. The exhibition was distributed in 23 HS in the Valencian Community
during the academic years 2019-2023 (Figure 2).
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Figure 2. Location map of high school participants in Divulsuperbac activities in the Valencian
Community.

During 1-2 weeks the infographics were exhibited in the common rooms of the HS to reach
visibility (Figure 3).
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Figure 3. Examples of exhibition setup in different high schools.

The high school professors visited the exhibition and explained briefly to their students the
main contents. Further, the students can visit it at free time, and also download the complete pdf
series on their own convenience. More than 2500 students visited the exhibitions. The results of
the satisfaction survey show that participation in this project has helped to increase interest and
curiosity in science, which is declining in Europe. According to Eurobarometer 55.2, the lack of
interest in science among Europeans over 15 years of age is attributed to the unattractiveness of science
classes (59%) and a poor image of science in society (30%), which is even more noticeable for women
(https:/ /europa.eu/eurobarometer/screen/home). Girls think that the science they study at school is
not useful for their daily lives, so the practical aspect of science seems to be an important factor to take
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into account [21]. This practical aspect is addressed in this project and the satisfaction survey supports
the approach to a real problem. It, therefore, makes visible the service of science to society and shows
knowledge from a practical, attractive and useful perspective. Unlike in the United States, Spain and
other European countries, the decision to follow a scientific path is made during the baccalaureate, as
the curricula of higher education degrees are not openly flexible.

For this reason, this study has been carried out in the fourth year of compulsory secondary
education (students aged 15-16) because, from this year onwards, they will be able to choose humanities
or science pathways that will condition their choice of career and professional future. This project can
therefore help to inspire scientific vocations.

In a second line of action, this experience ensures that students improve their knowledge and
awareness of antimicrobial resistance, statistically demonstrated in this study by the questionnaire
analysis, and supported by other studies that used practical activities [22]. This is important to over-
come students’ ignorance about the exclusivity of antibiotics in killing bacteria, and their usefulness in
treating infectious diseases [23]. In this study, students claim that antibiotics should be used only in
case of bacterial infection and not in cases of influenza. Today, more than ever, in this state of alarm,
one-way, comprehensive, appropriate and practical education that reaches all students is required,
both for their own health and for the safety of society. This research can help the new National Plan
against Antibiotic Resistance [24], which includes antibiotic resistance education in early childhood
(0-6 years), primary (6-12 years) and high school (12-18 years). It is therefore important to work on
more complete and current content, which should include the study of microorganisms [25], their
relationship with infectious diseases, co-responsibility in their treatment and the problem of antibiotic
resistance.

3.2. Evaluation of the Activities

Once the different activities were completed, specific questionnaires were provided to the partic-
ipants so that they could evaluate them anonymously (academic surveys). In the case of the broad
public one (online survey), these were distributed by email, and mobile applications (Whatsapp groups
and others) to have the widest possible distribution.

3.2.1. Academic Survey

The final point of the activities carried out in HS was the completion and subsequent analysis of
surveys (Figure 4a). The surveys were completed by 680 students and allowed us to determine their
scientific perception of the exhibition, which was rated around 3.5/5 (blue bars A1-A4), the knowledge
acquired about antimicrobial resistance 3.75/5 (orange bars A5-A7), and other related aspects 4/5
(black bars A8-A9).

The results obtained from surveys completed by HS teachers scored around 4.5/5 regarding
the perception of students’ learning and their interest in the project (conference, exhibition, and final
game). Their opinion was nearly 5/5 (Figure 4b).

The evaluation of the curators was the most complex process. The 57 surveyed curators rated their
scientific interest with values higher than 4.5/5 (Figure 4c, blue bars). The same occurred regarding
their knowledge about antimicrobial resistance (orange bars). Their self-assessment of the activities in
the HS and collateral aspects also scored around 4.5/5 (black and gray bars) (Figure 4c).
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Figure 4. Results of the Likert surveys from the different groups evaluated. The bars have been
represented in different colours for each group of questions on similar topics: a) high school (HS)
students: blue (scientific interest), orange (antibiotic resistance), black (others); b) HS teachers: blue
(students learning and interest), orange (personal opinion); c) exhibition curators (university students):
blue (scientific interest), orange (antibiotic resistance), black (performance at the HS) and gray (others).

3.2.2. Public Survey

The questionnaire was completed by 785 people, distributed among different age ranges (Figure
5a). The purpose was to obtain data from a heterogeneous population representative of broad social
groups, with varying levels of knowledge (Figure 5b). Almost the whole population surveyed admitted
to have consumed antibiotics during their lives (96.6%) (Figure 5c) and have got them by prescription
(93.0%) (Figure 5d). The majority of participants completed the treatment, following their doctor’s
prescriptions (82.5%) (Figure 5e). However, small group (8.7%) openly admit that they had not finished
the treatment, generally due to the improvement during the first days (Figure 5f). Unconsumed
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antibiotics were regularly discarded (35.8%), but some people recognized that they were stored at
home if some pills were not used (55%) (Figure 6g). However, consumers know where and how
leftover antibiotics should be recycled (82.2%) (Figure 6h). Almost half of the participants (43.7%) were
not aware that antibiotics are also used in veterinary medicine (Figure 6i).

The consequences of the reckless use of antibiotics are not known. In fact, the majority of respon-
dents (60%) underestimate the number of deaths derived from it (Figure 6j). Likewise, the economic

cost of such practice (extra hospitalization expenses and collateral damages) was underestimated
(Figure 6k).

a) Less than 18 years old

Between 18 and 24 years old
‘ Between 25 and 29 years old
Between 30 and 40 years old
10,8% Between 40 and 50 years old
Between 50 and 60 years old
Over 60 years old
No formal education
Primary education
Secondary education without completing the course
Sciences (chemistry, physics, biology...)
Health sciences (medicine, nursing...)
Technologies (computer science, engineering...)
Arts (fine arts, dance, music...)
Others

o000O0OOOO OGOOGONOPO

Yes
Not
| don’t know

o000

d)

Yes, | have visited the doctor and they have
prescribed the antibiotic

No, | have taken an antibiotic that | had at home
No, | have purchased an antibiotic at the pharmacy
and did not need a medical prescription

I don't know

Check this option if you have never taken antibiotics

o0 o0 o

e)

Yes
Not
Check this option if you haven't taken antibiotics

f
) | experienced side effects and went to the doctor

| was feeling better and decided to stop the treatment

| believe it wasn't working for me and decided to stop

| forgot to take it and abandoned it

Check this option if you have never abandoned a treatment
| have always completed the treatment

Figure 5. On-line survey on the awareness of the use of antibiotics. a) How old are you?, b) What is
your level and area of education, if any?, ¢? Have you ever taken antibiotics to treat an illness?, d) If
the answer was affirmative, did you acquire this antibiotic under medical prescription?, e) have you
completed the treatment?, f) If the answer is negative, why?
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9)
® Yes
@® Not
® |don’tknow
h)
@ Trash bin, separating the box that goes in the blue bin (paper
and cardboard)
@ At the recycling point in the pharmacy
@® They should be stored in the medicine cabinet in case you or
someone in your household needs them in the future
® | don'tknow.
i)
@® Yes
® Not
)
® Around 1000 people
@® Between 1,000 and 100,000 people
» Between 100,000 and 1 million people
@® Between 1 and 10 million people
@® Yes, | believe it causes some deaths by year
@® No, it does not cause any deaths per year
k)
® Thousands of euros
@ Millions of euros

Billions of euros
@® More than billions of euros

Figure 6. Continuation of Figure 5. g) Do you have leftover boxes of antibiotics at home?, h) do you
know where expired drugs should be recycled?, i) do you think that antibiotics can be used for the
treatment of diseased animals?, j) do you know the mortality levels associated to the reckless use of
antibiotics, K) Which is the cost of overconsuming antibiotics?

4. Discussion

Antimicrobial resistance (AMR) has emerged as a major global health challenge in the XXI cen-
tury. It poses a significant threat to public health, agriculture, animal husbandry, and the economy
worldwide [2,5-7,26]. The overuse and misuse of antibiotics and other antimicrobial drugs in humans
and livestock have fuelled the rise of resistant bacteria, rendering once-effective treatments ineffec-
tive [27-29]. The consequences of this attitude are increased morbidity and mortality, healthcare system
burden, and significant economic losses. Any strategy aimed at combating antimicrobial resistance
should be embraced. While disease prevention, control measures, and the research and development
of new therapeutic strategies are crucial, enhancing antibiotic stewardship must not be overlooked.
Prioritizing the promotion of responsible antibiotic use through educational and awareness campaigns
is imperative. Implementing inter-generational citizen campaigns could effectively reduce unnecessary
antibiotic consumption. In response to this need, we have developed an affordable program targeting
young students to raise awareness about antibiotic misuse [13]. The Divulsuperbac (DSB) initiative
introduces an innovative approach that engages university students in dissemination activities within
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the pre-university community. This initiative can be categorized as a Service Learning (SL) strat-
egy with significant social impact, as it establishes a direct link between the university and citizens,
bridging the gap between educational levels. One of its key strengths lies in the application of new
methodologies and innovation in face-to-face teaching. In this initiative, university students serve as
curators of an infographic exhibition on the topic of AMR and facilitate gaming activities to assess the
learning process. This experience requires prior knowledge acquisition and specific competencies to
ensure successful knowledge transmission and awareness building. Consequently, university students
develop tailored learning tools for younger generations to address real-world problems and acquire
pedagogical skills. Moreover, the program fosters teamwork by promoting shared responsibility
among university and pre-university teachers in an outreach activity. The entire project has been
conducted with a focus on promoting equality and inclusion, as well as enhancing employability and
entrepreneurship by incorporating the programs of each high school. Through a four-year sustained
campaign, hundreds of students, and indirectly their families, raised awareness about the serious
threat of the irresponsible use of antimicrobial substances. As a society, we must reconsider the use
of antimicrobials to preserve this valuable resource for future generations. The implementation of
our strategy has not only increased awareness about the responsible use of antibiotics but has also
sparked an interest in research and scientific inquiry among pre-university students. Furthermore,
following this pioneering experience, the learning tools, dynamics, and networks of contacts (both
within universities and high schools) established will remain available for the development of similar
programs in the future all over the world.
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Appendix A

SURVEY A. SATISFACTION SURVEY FOR SECONDARY STUDENTS.
“DIVULSUPERBAC” (DSB) PROJECT

The team involved in the project “Divulsuperbac” is very interested in collecting the opinion of
secondary students about the development of this initiative, with the purpose of evaluating the level
of compliance of the proposed objectives. Your collaboration answering this survey will provide useful
information to improve the activity.

The data you provide us are anonymous and will be treated confidentially. We request you,
therefore, to answer as honestly as possible.

Evaluate the different sections between 1-5, understanding the value of 1 as the most negative and
5 the most positive value.

1. Participation in this project has awaken your interest or curiosity about
Science

2. This experience has brought you closer to a problem of interest

3. These types of exhibitions contribute to increasing my interest in Science,
in general

Scientific Interest

4. The level of the infographics is appropriate to the knowledge | have about
biology

5. The exhibition has contributed to a better understanding of the problem
of the antibiotic resistance of bacteria

6. The exhibition has modified your perception about the use of antibiotics

Antibiotic
resistance

7. The activities around the exhibition (lectures, visit to the infographics,
Kahoot...) carried out in your school have improved your scientific training

8. Would you recommend other schoolmates/schools to participate in this
project?

Others

9. Has the interaction with university students been positive for you?

THE BEST OF THE ACTIVITY

THE WORST OF THE ACTIVITY

IMPROVABLE ASPECTS

THANK YOU FOR YOUR COLLABORATION!

Figure A1. Survey A. Satisfaction survey for high school students.
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SURVEY B. SATISFACTION SURVEY FOR SECONDARY SHOOL
TEACHERS. "DIVULSUPERBAC"” (DSB) PROJECT

The team involved in the project “Divulsuperbac” is very interested in collecting the opinion of
secondary school teachers about the development of this initiative, with the purpose of evaluating the
level of compliance of the proposed objectives. Your collaboration answering this survey will provide
useful information to improve the activity.

The data you provide us is anonymous and will be treated confidentially. We request you, therefore,
to answer as honestly as possible.

Evaluate the different sections between 1-5, understanding the value of 1 as the most negative and
5 the most positive value.

1.Taking part of this project has arisen scientific interest and curiosity of the
students

2. This project has contributed to the scientific training of your students

3.The interaction between secondary school and university students is useful

4.The students have become aware of the problem on antibiotic resistance of
bacteria

Evaluation of the
students’learning
and interest

5.Your global opinion about this project

6.Your opinion about the work carried out by university students/teachers at
your school
7.Would you recommend other schools to participate in this project

Personal
opinion about
the project

We would like to know some numerical data. If you don’t get the exact number, an approximate one will be
also useful.

How many students of your school visited the exposition?

How many students did complementary activities?

If they performed a Kahoot (or similar activity), how many students participated?

If there was an inaugural lecture, how many students attended?

If you want to make any general comment, feel free to write it below.

Figure A2. Survey B. Satisfaction survey for high school teachers.
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SURVEY C. SATISFACTION SURVEY FOR UNIVERSITY STUDENTS.
“DIVULSUPERBAC” (DSB) PROJECT

The team involved in the project “Divulsuperbac” wants to collect the opinion of university students about the
development of this initiative with the purpouse of evaluating the level of compliance of the proposed objectives.
Your collaboration answering this survey will provide useful information to improve the activity.

The data you provide us with, is anonymous and will be treated confidentially. We request you,
therefore, to answer as honestly as possible.

Evaluate the different sections between 1-5, understanding the value of 1 as the most negative and
5 the most positive value.

1. Participation in this project has increased your interest for research
Scientific 2. This experience has brought you closer to a problem of interest
interest 3. These types of exhibitions contribute to increase my interest in science in general

4. The project has contributed to know better the problem of antimicrobial resistance
5. The exhibition has modified your perception about the use of antibiotics

6. The theoretical explanations were done in a way that secondary students were able
to understand them

Antibiotic
resistance

7. The explanations and complementary activities were done in a way that secondary
Performance | students were able to understand them
at the high | 8.1 was able to respond to unexpected situations
school 9. | was able to answer the students’ questions

10. This Project has contributed to improve your scientific formation

11. The participation in this project improved your transversal skills: autonomous
problem solving, public speech, organization...

12. Would you recommend other students to participate in this project ?

13. Would you participate in this project again if you stay the next years in this
university?

14. Do you believe that the dissemination of this project in the secondary schools has
been adequate?

15. Rate your global opinion of this project

THE BEST OF THE ACTIVITY

Others

THE WORST OF THE ACTIVITY

IMPROVABLE ASPECTS

Figure A3. Survey C. Satisfaction survey for university students.
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