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Antibiotic resistance is a public health world problem that calls for a global response. The question was already identified
several years ago and is, for a large part, driven by misuse and abuse of antibiotics. There is a need for urgent action and
numerous health related entities in each particular country, as well as world global entities, have repeatedly issued
recommendations for intervention. The public and primary care professionals need education in order to make correct use
of the antibiotics and secure the long-term availability of effective antibiotic treatments. Several misconceptions regarding
the infections treatable with antibiotics, the role of these drugs, the duration of treatment, and others, lead to attitudes
ultimately detrimental to public health. Making as many people as possible aware of these misconceptions can help to
transform perceptions about correct use of antibiotics. Since transforming is more difficult than shaping ideas, learning
from early ages the basic concepts about antibiotic mechanisms of action, antibiotic-resistant microorganisms and the
correct use of antibiotics can help to change public awareness and reduce the misuse of these drugs and improve the
knowledge on how to fight pathogens correctly. Teachers should look for strategies to effectively help students on the
shaping of the ideas and on developing attitudes towards the prudent use of antibiotics.
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1. Antibiotics not ever but forever
The development, production and widespread use of antibiotics since the 1940s has changed medicine from a
diagnostic, non-interventional to a therapeutic, interventional discipline. Millions of lives have been saved due to
infection control and several medical advances, which would have been otherwise impossible, have occurred and
improved peoples’ quality of life [1, 2].
Presently, there are still populations that have no access to antibiotics [3]. According to the last reporting data in
2009 of the European Surveillance of Antimicrobial Consumption, the use of antibiotics in the EU and EAA/EFTA
countries, both in the community and the hospital sector expressed in defined daily doses per 1,000 inhabitants per day
(DDD), ranged from 10.5 DDD in Latvia to 38.6 DDD in Greece [4]. Even with the availability of effective antibiotics,
infectious diseases are the second leading cause of death worldwide [5]. However, pharmaceutical companies are not
investing in new antibiotic research because the pursuit of antibiotics offers a significantly low return on investment [1].
The loss of effective antibiotics will result in a great increase in morbidity and mortality from infections [2]. In a oneday study conducted in May 8, 2007, approximately half of the patients in more than 1,000 intensive care units in 75
countries suffered from an infection, and infected patients were twice as likely to die as uninfected patients [2, 6,]. In
the EU, at least 25,000 people are estimated to die each year from an infection caused by multidrug-resistant bacteria
[7] and almost 2 million Americans per year develop hospital-acquired infections, resulting in 99,000 deaths [8], the
vast majority of which are due to antibiotic-resistant pathogens. Without effective antibiotics, diverse fields of medicine
will be severely hampered.
Collectively, highly problematic antibiotic-resistant organisms are summarized by the ESKAPE acronym:
Enterococcus, Staphylococcus, Klebsiella, Acinetobacter, Pseudomonas, and ESBL (Enterobacter and Escherichia
coli). ESKAPE indicates that these bacteria have developed defences that permit them to escape the actions of available,
effective therapies. The ESKAPE pathogens are currently the most important causes of the antibiotic resistance crisis in
the US and other developed countries. Besides developed countries such pathogens are also spreading through
developing countries, which are already experiencing significant public health problems caused by extreme drugresistant or pan-drug-resistant Mycobacterium tuberculosis [9, 10].
A unique convergence of overuse and misuse of antibiotics, the remarkable genetic plasticity of bacteria, the
acquisition of resistant bacterial infections in both community and hospital settings, and a market failure of antibiotic
development has created an enormous public health concern regarding antibiotic resistance in bacteria [2].
In 2009 the World Health Organization declared antibiotic resistance as one of the three greatest threats to human
health [11, 12]. In 2011 the European Commission action plan against the rising threats from antimicrobial resistance
identifies seven areas where measures are most necessary including improving communication, education and training
[13]. Most educational efforts have been targeted on physicians after their training but multi-faceted interventions must
focus on the undergraduate healthcare professionals who should learn the necessary principles of microbiology,
infectious diseases, clinical pharmacology, and prudent prescribing [14, 15].
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To spread the message about the risks associated with inappropriate use of antibiotics and how to take antibiotics
responsibly among the adult public, a number of initiatives, usually national public campaigns, took place since 1990
[16] and some are still ongoing across 29 countries of Europe [17] and in the US with the Get Smart: know when
antibiotics work programme [18]. However, such concern is not common to several other countries, as in Asia where
antibiotic resistance is the most serious in the world [19]. Evaluated campaigns seem to have reduced antibiotic use
[16], and some decrease in antibiotic consumption was observed within a decade in countries like France, Portugal,
Slovak Republic, Slovenia and Hungary [20].
Though the information is available, adults are usually not as receptive to change in their practice as children, who
are usually more willing to learn. In the past few years, specific campaigns designed to educate children have been
presented and some are still ongoing as Do Bugs Need Drugs? [21] and e-Bug [22]. In both there are several educational
resources available that teachers can use in the classroom for children of different ages. Education on prudent use of
antibiotics at the primary and secondary school levels offers the opportunities to shape the behaviour of the individual
who later might become a patient or, more importantly, the anxious parent of a sick toddler. In addition, it provides the
basic education of the future professional [14].
Although the natural ability of microorganisms to evolve genetically and become resistant to the drugs is inevitable,
such capability is over-triggered in response to excess of prescription and improper use of antimicrobials. The need for
global policies regulating the use of antibiotics is compulsory and involves different groups of people. Educational
programs targeting young pupils can be expected to contribute to a future generation of scientifically literate antibiotic
users; teachers should have a positive role in students’ education for antibiotics use.

2. Current trends in science education
The success of the teaching and learning processes depends upon a variety of intricate factors. Nevertheless, research in
education has provided considerable insight and a number of teaching approaches and learning models are currently
available. The present mini-review describes briefly some of these approaches and models in order to support the
suggestions made to help teachers develop their positive role in educating for prudent use of antibiotics.
The attention given by Piaget to the children while learning has focused subsequent research on what the pupil brings
as knowledge when entering school or advancing in his school years. Special attention has been given to alternative
interpretations concerning the natural phenomena, and their relevance to learning science and mathematics. These
alternative interpretations have been named differently according to the emphasis given by the research. In particular
they were designated: naïve theories, preconceptions, misconceptions, private concepts, underlying sources of error,
inappropriate propositional hierarchies, student frameworks, alternative frameworks, and children’s science [23].
Many studies show that students do not come into science classrooms without any pre-instructional knowledge or
beliefs about the phenomena and concepts to be taught. Rather, students already hold deeply rooted conceptions and
ideas [24] and prior concepts developed in the context of everyday life located within and belonging to whole
alternative non-scientific frameworks of thinking about the natural world [25]. Much of the research confirms that these
prior concepts are resistant to extinction or change [e.g. 24, 26], and they may even ossify into layman’s science later on
[27 cit in 23]. A conception is not only a product of mental activity, but is also generated by it. It is always a process of
elaboration, which itself originates in information which learners receive through their senses, and also through the
relationships they have with others - whether individuals or groups - in the course of their personal history, and which
are etched in their memory [28].
While in many other biology topics everyday life provides good opportunities to develop alternative conceptions, the
topic on mechanism of action of antibiotics and their effect on bacteria comes into children’s and youngsters’ life
mostly through instructional activities and visits to the doctor’s office, i.e., through intended scientific explanations,
where the proper conceptions should be retained. However, for some students, misconceptions remain after school. On
the other hand, the need for antibiotics and their consumption comes into children’s lives mostly from parents’ attitudes
and behaviours regarding cleanliness, protection against dirty things, and the use of antibiotics [26, 29]. Additionally,
we cannot dismiss the influence of what the child listens to and watches in the media on the alternative conceptions
about antibiotics and infections.
For the purpose of teacher action, it is important to mention what a number of authors, both from the science
education and the cognitive psychology fields, have been finding [24]. Developing proper scientific conceptions,
besides the learner’s willingness and motivation to learn, calls for: the realization that the alternative conception exists;
the frustration in effectively explaining with that conception all the connected phenomena; and the comprehension
about the potential of the newly proposed idea as being a better and more fruitful explanation. Also, the concept to be
learnt should be meaningful for the student, creating links to prior knowledge, in order for the learning process to occur.
This conceptual change is not a simple swap of concepts but a pathway of cognitive and sometimes also sociocultural
modifications [24, 28]. If the conceptual change is not achieved the outcome can even be the coexistence of both sets of
conceptions.
The research on the relevance of concepts and beliefs to science education also drew attention to the importance of
the concepts and beliefs portrayed by teachers in their practice and in launching or nourishing pupils’ alternative
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conceptions. Approaches to conceptual change, as developed in the 1980s and early 1990s, contributed substantially to
improving science learning and teaching, and some of the limitations of those approaches have been addressed and
more multi-dimensional frameworks are currently considered [24].
Teaching and learning styles are always changing and in recent years there has been a noticeable move from lecturebased activities towards more student-centred activities. Case study teaching provides a means by which to accomplish
this because it provides multiple approaches for effective teaching through “real life” examples, while students learn
how to evaluate a problem and take decisions [30]. Students can learn more effectively when actively involved in the
learning process [31].
A recent study with high school levels students (15-17 years), based on a program aiming to promote the
participants’ understanding of biological concepts and the processes underpinning the notion of antibiotic production
and activity, by eliciting their engagement in microbiology procedures, indicates that the participants developed a more
comprehensive picture of antibiotic resistance and the importance of judicious antibiotic use [32]. Activities providing
hands-on experience with microorganisms, such as isolating and determining the antibiotic resistance profile of
microorganism from the student’s cell phone, not only allowed the perception of hygiene needs but also motivated
students to launch a health education campaign designed to target their local college population on proper antibiotic
usage [33].
Additionally, taking into account relevant research fields in science education, the Programme for International
Student Assessment (PISA) 2006 specified the perception of “Students’ willingness to engage in science” through three
main aspects: interest in science, support for scientific enquiry, and responsibility towards resources and environments
[34]. Within person-object theory, interest is seen as a dynamic relationship between a person and a specific object. This
object may be a generic object, such as the school subject of science, or it may be a specific scientific phenomenon or
concept, such as the use of antibiotics [35, 36].
Within the recommendations of the 2009 report for Science Education in Europe there is the notion that emphasis in
science education before 14 should be on engaging students with science and scientific phenomena and methods should
be devised to develop in students the skills, knowledge and competencies expected of a scientifically literate citizen
[37]. Understanding the mechanism of action of the antibiotics and their pertinence to fight common diseases fulfils
these recommendations.

3. Presenting and clarifying ideas about the use of antibiotics
3.1. Conceptions about microorganisms and antibiotics
Some years ago a young scientist was spreading bacterial cells on the culture medium in a Petri dish and a five-year-old
child asked “What are you doing?”. The best answer she came up with was “Well, I am putting some bacteria over this
surface but they are too small and so you cannot see them”. Then the child asked “And you, can you see them?”.
Teaching about what is not visible to the naked eye can be challenging but also very interesting because we can
introduce a new world to the students. The action of antibiotics on microorganisms is one such challenging topic.
As pointed out earlier, students’ alternative conceptions influence significantly how students learn, and knowing
those alternative conceptions can help teachers in developing and implementing successful science teaching strategies.
With regard to the antibiotic topic teachers should be aware of the most frequent students’ preconceptions. A great deal
of research about preconceptions, misconceptions and conceptual change concerns Physics topics, but studies on
Biology topics have been increasing [23, 38]. In fact, in the very comprehensive Duit’s bibliography on this subject,
1107 references out of 8338 are related to Biology topics. The number of studies referring specifically to students’
conceptions on antibiotics, infections, diseases or ‘germs’ is low (only eight in the Duit’s bibliography have these terms
in the title), as also occurs with regard to the topic of socio-scientific issues, where antibiotics are frequently absent.
In Table 1 we list some of the most relevant and interesting students’ and children’s preconceptions and
misconceptions found in the literature.
Table 1 Children and young students’ conceptions about microorganisms and antibiotics.

Code
S1
S2
S3
S4
S5
S6
S7

Conception
Microorganisms are small living things; they cannot be
seen with the naked eye
Microorganisms considered to be living organisms
Being dangerous, or causing diseases to humans, is a
sufficient reason for considering microorganisms to be
alive
Microbes are cells
Bacteria drawn as eukaryotic cells
Bacteria are germs
Germs, bugs or viruses considered as malevolent little
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Age group

Reference

14/7;11;14

[28]/[26]

18-25/7;11;14

[29]/[26]

7;11;14

[26]

18-25
14
15/14/14;17/7;11;14
5-11/15/18-25/7;11;14

[29]
[26]
[25]/[28]/[39]/[26]
[40]/[25]/[29]/[26]
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S13
S14
S15
S16
S17

animals/or animal-like
Bacteria confused with fungus
Viruses and bacteria are identical
Bacteria cause viruses
Bacteria are present everywhere
Bacteria are exogenous and their presence in the body
causes problems and ailments
Contact with bacteria, viruses and fungus cause disease
Harmful/bad and useful/good bacteria coexist
Bacteria are useful in the digestive process
Yoghurt making is associated with bacterial development
Bacteria are seen as decomposers of organic matter

S18

Bacteria thrive in damp conditions, and in the soil

S8
S9
S10
S11
S12

14
15/14/11;14;17/11;14
11;14;17
14/11

[28]
[25]/[28]/[39]/[26]
[39]
[28]/[26]

5-11/18-25/14/7;11;14

[40]/[29]/[28]/[26]

8-14/6-7;10-11;14-15
18-25/14/11;14;17/11;14
14
14
18-25/14/7;11;14
18-25/14/11;14;17/
7;11;14

[41]/[42]
[29]/[28]/[39]/[26]
[28]
[28]
[29]/[28]/[26]

14/7

[28]/[26]

14

[28]

11;14;17/18

[39]/[43]

18-25/11;14;17/7;11;14

[29]/[39]/[26]

15
5-11/18-25/14

[25]
[40]/[29]/[28]

14

[28]

12

[44]

8;12

[45]

12

[44]

20

[46]

11;14;17

[39]

14;17
11;14;17
14/11;14;17

[39]
[39]
[28]/[39]

14

[28]

11;14;17/7;11;14

[39]/[26]

8-14

[41]

15/11;14
15
15
15/14;17
15

[25]/[26]
[25]
[25]
[25]/[39]
[25]

15;18

[47]

15/15-18

[25]/[47]

[29]/[28]/[39]/[26]

S43

Bacteria, seen as dirt, are associated with pollution and the
urban environment
Ways of eliminating exogenous bacteria: obeying rules of
hygiene, sterilization, disinfection
Bacteria, viruses and fungus cause disease
Not very aware of other causes of disease (microorganisms
are main cause)
Fevers are caused by germs, bugs or viruses
Like viruses, bacteria attack the human body
Microbes (seen as bits of dust), when they form a group
within a bacterium, will cause mild health problems (colds,
fever, sneezing)
Bacterial infections are caused by doing unsanitary things
while viral infections come from other people
Causes of disease are primarily concentrated on the outside
world and external situations (exogenous)
Bacterial infections can only be spread by sneezing but
viral infections can be spread by touching
Not knowing what causes colds
Virus was the illness that was the result of infection by
microorganisms
Viruses are germs
Viruses are bigger than bacteria
Bacteria are perceived as less dangerous than viruses
Bacteria are not very harmful and only likely to become
dangerous when there are many of them
Virulence and rapid proliferation is equated to size
More concern about colds and flu than with contracting
major disease or disability
Colds can be caused by germs and by alternative causes
There’s something you can do to get rid of a cold
Cold remedies contain “chemicals”
There are “chemicals” that kill the germs
Antibiotics are drugs used to treat infections
Flu vaccination protects us from the flu by giving us
antibiotics
Not knowing that antibiotic action is limited to bacteria

S44

Antibiotics are associated with serious diseases

15

[25]

S45

Antibiotics can make you get rid of HIV
Even knowing that antibiotics are not suited to viral
infections students think they need antibiotic when
perceiving a viral infection

12

[48]

20

[46]

15/18-25/14

[25]/[29]/[28]

S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
S41
S42

S46
S47

Eating well protects from infections

At this point, a good idea teachers should consider is precisely to evaluate how each one self-positions regarding the
conceptions in Table 1. Which of those are understood as proper conceptions, misconceptions or incomplete
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conceptions? In which topics do the teacher’s ideas contradict or resemble the ideas found in the literature? This
reflective approach should help each one to consider more critically what one believes to know about antibiotic action.
The conceptions displayed in Table 1 include misconceptions, partially incorrect or incomplete conceptions and
proper conceptions. They are roughly ordered in categories of conceptions: microorganisms and attributed
characteristics; locations where microorganisms can be found; the link between microorganisms and diseases; and
finally the use of antibiotics. In general, the studies referred to in the table discuss thoroughly the students’ conceptions
in relation to their possible causes and the students’ cognitive development and mental models, but do not approach in
detail the proper conceptions. In this chapter we try to clarify some notions regarding chosen examples of the students’
and adults’ misconceptions.
Several of the ideas in Table 1 suggest a frequent confusion of terms (S6-S9, S23), some of which can be seen as in
some way equivalent, but not all of them. When starting a new topic involving words with precise scientific meaning
the teacher should present and clarify the definition of such words. Usually the distinction between definition and
conception is not mentioned, but when a student thinks he already knows about the subject being taught that means he
already has a conception, but that does not imply he knows the right definition. A conception is an understanding
retained in the mind and is idiosyncratic of the individual that builds it under the pressure of the physical and social
realities surrounding him [29]. A definition is usually a statement expressing the essential nature of something; the
action or power of describing, explaining, or making definite and clear. It will be coherent with the official knowledge
about that something, whether it is the official scientific knowledge or the official public knowledge [29].
When words such as microorganisms, microbes, germs and bacteria are used commonly and interchangeably,
presenting the definitions and explaining why all these words are usually associated can be a good approach to an
apparently complex subject. The distinction between bacteria and fungi and viruses should also follow on shortly
thereafter in order to correctly set apart the different groups of microorganisms (S5, S8, S9).
Another problem teachers’ face is to present illustrations of the microorganisms. Presently, there are several
microscopic images available that represent correctly bacteria, fungi and viruses and that should be selected in
preference to too many wrong drawings that usually spread misconceptions. Conceptions such as S5, S7 and S8 may
result from, besides the anthropomorphic stage of cognitive development, images spread through the media where
microorganisms are represented with human or animal features, or even from informative material intended to promote
proper conceptions but passing other misconceptions, like posters about bacteria where fungi are represented [49]. By
showing good photographs and diagrams teachers can make use of the zoom-in notion that most students, even children,
will recognize from software features. Care should be taken not to show in one single sequence of magnification images
of exemplars of the different groups of microorganisms to avoid promoting ideas like S8, S9, S19, S25 and S32.
While the idea that microorganisms are too small to be seen without a microscope is generally true (S1), students
portray an incomplete notion about the size of microorganisms [26, 28,]. Teachers, whenever possible, should make
students observe a diversity of microscope samples and realise that the suitable magnification to be used varies with the
object to be observed. Bacteria observation requires a larger magnification than, for instance, tissues from eukaryotes,
or even some of the organelles displayed by the eukaryotic cells. Light microscope is not suitable for the very small size
of viruses. Gaining a notion of scale is important, but should be approached together with the understanding of the
definitions; otherwise children can misplace items in a scale diagram - mental or drawing.
Different organisms can have different optimal conditions or even favourable conditions, which means that not all
bacteria will be able to live and reproduce inside the human body. And the same bacteria can behave differently if
exposed to different conditions, being possibly perceived as useful or harmful. Students should therefore be aware that
harmful and useful bacteria can indeed coexist (S14, S16), not only in the environment but also inside their bodies, like
the bacteria contributing to the synthesis and uptake of vitamin K in the large intestine (S15). Eating live bacteria in
some specific foods helps children to be healthy, as opposed to the idea of bacteria always making you sick (S12, S21,
S25). From an environmental point of view the notion in S17 also needs to be explained for a global understanding of
how bacteria grow and this idea links to disease or, in other words, bacteria growing in a human body. This approach
may reduce the misconceptions regarding the way diseases evolve (S22, S24-S28, S30, S33, S34).
The idea of bacteria being ubiquitous (S11), as is usually assumed by microbiologists, is commonly found, but the
notion that bacteria can be found on the exterior of the body where they cause no harm is also common, revealing that
contact with them or their presence inside the human body is usually associated with disease (S12, S13). The
conceptions that bacteria are living organisms (S2, S3) that they are present in unclean environments (S18, S19, S25,
S26) and that a way to eliminate them is to obey to the rules of hygiene (S13, S20) is a good starting point to discuss
how to avoid certain bacterial infections.
It seems common that youngsters do not know the cause of the most frequent disease they usually get, i.e. the
common cold (S29, S37). However, the conception of colds being caused by microorganisms (S37) is associated with
the misconception of eliminating these microorganisms with antibiotics (S38, S39, S40). Though many students
mention that antibiotics are used to treat infections (S41), the mode of action is not properly understood [26].
Considering that antibiotics will treat most of the common diseases might be related to thinking that most or all
microorganisms are identical, due to the fact that they are microscopic, and not understanding them as different
organisms (S43, S46). Even when the use of antibiotics is “thought of as being wasted on everyday illnesses like colds”
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this is based on the conception about the use of antibiotics only in serious diseases (S44). On the other hand, some
students consider antibiotics to be universally effective (S39-S46). In the cases where students distinguish bacteria from
viruses, it can be found that the former are perceived as less dangerous than the latter (S32-S35). Another few
misconceptions are associated with the dangers of bacteria only if in great number (S34).
Most research conducted with students adopts an educational approach and emphasize what students know about
microorganisms, ‘germs’ or bacteria. Several studies with adults identified lay citizens’ misconceptions and provided
the basis for some key ideas in the campaigns directed to antimicrobial stewardship. These studies mainly focus on the
adults’ understanding of the action, pertinence and consumption of antibiotics [39, 46, 50-60]. Besides a few culture or
group specific conceptions, the results mostly reveal similar ideas across the countries and years. Some of those ideas
may have evolved from children alternative conceptions that turned into layman’s misconceptions.
In agreement with Jones and Rua [39] some gaps in knowledge, both in students and in adults, appear to emerge:
distinction between bacteria and viruses, how bacteria cause harm to the human body, how viruses replicate, the size
differences between bacteria and viruses, and the mode of antibiotics action. The frequent confusion between bacteria
and viruses might be responsible for considering that many common diseases are due to bacterial infection, and hence
that antibiotics are suited to treat all those diseases. It is therefore urgent to diffuse the correct information about the
problem of antibiotic misuse and increasing infections since studies from American, Asian and European countries
indicate that between 22 and 70% of parents have misconceptions about the appropriate applications and efficacy of
antibiotics [54, 61] and often use them without a prescription [62]. These represent the ill-informed adults who
contribute to the misuse of antibiotics and who may pass on misconceptions to today’s children – the adults-to-be, thus
perpetuating the wrong attitudes towards antibiotics.
3.2. Clarifying concepts
Misconceptions regarding the use of antibiotics are intertwined with the ideas of health, infection, infectious diseases
and microorganisms. Understanding how children view the processes of causation, prevention and treatment of illness is
needed to help educators in their work with children [28, 45]. Before presenting the subject to students, identifying their
conceptions is needed in order to use them as a starting point. Teachers with limited microbiology knowledge may face
some difficulties in teaching about microorganisms and antibiotic use, but they need to be positive about the topic and
show self-confidence to alter children's misconceptions. With this in mind we present some correct conceptions about it.
Although the information presented in the next paragraphs can be found in any microbiology book we based it on the
text by Madigan et al. [63].
3.2.1. Microorganisms
Microorganisms are single-celled or cell cluster microscopic organisms and viruses. All microbial cells share certain
basic structures such as the cytoplasmic membrane and ribosomes; most have a cell wall. Two cell structural patterns
are recognized: the prokaryote and the eukaryote. Viruses are not cells but depend on cells for their replication.
Metabolism and reproduction are key features associated with the living state, and cells can be considered both
chemical machines and coding devices. Diverse microbial populations were widespread on Earth for billions of years
before higher organisms appeared, and today the cumulative microbial biomass on Earth far exceeds that of higher
organisms.
From an anthropocentric point of view, microorganisms can be both beneficial and harmful to humans. Although we
tend to emphasize harmful microorganisms (as infectious disease agents), many more microorganisms in nature are
beneficial than harmful. From a bacterial centred point of view, other organisms can be beneficial or harmful if they,
respectively, favour or hinder the growth of bacteria. From an ecological point of view, all organisms are important in
an ecosystem and the usefulness/harmfulness dichotomy vanishes.
The healthy human body presents a variety of nutritional and environmental conditions but globally is a favourable
environment (skin, mouth, respiratory tract, gastrointestinal tract, urogenital tract) for the growth of microorganisms,
most of which are harmless. The presence and maintenance of a population of normal non-pathogenic microorganisms
in the respiratory and urogenital tracts is essential for normal organ function and often prevents the colonization by
pathogens.
3.2.2. Microorganisms and disease
A host is an organism that harbours a parasite and if the parasite does harm to the host it is called a pathogen. The
ability of a microorganism to cause or prevent disease is influenced by complex interactions between the
microorganism and the host. Most pathogens are rejected by a variety of host defence mechanisms.
A pathogen may first gain access to host tissues by adherence to specific host molecules. In most cases, in the human
body, this requires the organism to penetrate the skin, mucous membrane, or intestinal epithelium, surfaces that
normally act as microbial barriers. Invasion starts at the site of adherence and may spread throughout the host via the
circulatory system. After a pathogen gains access to host tissues it must multiply in the host (colonize). The initial

1962

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

inoculum is rarely sufficient to cause damage; a pathogen must grow within host tissues in order to produce disease.
Infection is the process by which a parasite becomes established and grows in its host. Microbial growth involves an
increase in the number of cells rather than in the size of individual cells.
Thus the progression of a disease state includes entry, colonization and growth, and the use of several strategies to
establish virulence, the ability of a pathogen to cause host damage through toxicity and invasiveness. A number of
pathogens produce extracellular virulence factors designed to protect the pathogen from host defences, by interfering
with normal host defence mechanisms, or to provide increased access to nutrients by breaking down or altering host
tissue; these factors enhance colonization and growth of the pathogen.
3.2.3. Microorganisms and antibiotics
Chemicals are often used to control microbial growth. Chemicals that kill organisms are called –cidal agents; those that
inhibit growth are called –static agents; those that lyse organisms are called –lytic agents. Antibiotics are a chemically
diverse group that functions by inhibiting in the target microorganisms cellular processes and functions, not present in
the host. Antibiotics can be classified based on their molecular structure, mechanism of action, and spectrum of
antimicrobial activity. In bacteria the important targets of antibiotic action are the cell wall, the cytoplasmic membrane,
and the biosynthetic processes of protein and nucleic acid synthesis. In a global way, when an antibiotic acts on the
target the bacterial growth stops. An antibiotic acting on the cell wall inhibits cell-wall synthesis; binding to the
bacterial ribosomes stops the protein biosynthesis and when DNA and RNA are the targets no new molecules are
produced. Bacteria, in order to grow must maintain all metabolic pathways active and produce new molecules.
When in the presence of the antibiotic, as when a person begins to take the prescribed medication, most of the
bacteria stop growing but some might escape. If the dose of antibiotic is not the right one, as when people do not take
all the medication with the correct intervals or until the end of the period prescribed, the bacteria that escaped resume
growth. Moreover, this repeated misuse favours the increase of stronger and more resistant bacteria.
Antibiotic resistance is the ability of a microorganism to grow in the presence of an antibiotic to which the
microorganism is usually sensitive. Antibiotic resistance can be an inherent property of a microorganism, or it can be
acquired. The development of resistance can be attributed to mutations in chromosomal genes that lead to a
modification in the target of antibiotic action. On the other hand, the majority of drug resistant bacteria contain the drug
resistance genes in R plasmids (R for resistance). These plasmids harbour genes encoding new enzymes that inactivate
the drug, or genes that encode enzymes that either prevent uptake of the drug or actively pump it out. The misuse of
antibiotics can lead to the development of resistance due to selection of the existing resistance genes. Additionally,
antibiotic therapy can significantly reduce the number of microorganisms residing in the gastrointestinal tract. In
consequence, infection by opportunistic pathogens often follows long-term antimicrobial therapy.
3.2.4. Antibiotics and viruses
Viruses are highly complex molecular assemblies made mostly of proteins and nucleic acids (RNA or DNA). They are
therefore microscopic but not cellular. Though viruses are characterized by having an extracellular state, genetic
elements contained in viruses can only replicate inside the host cells. The extracellular form enables viruses to easily
transfer from one host to another and permit some viruses to replicate themselves in a host in a way that is destructive to
the host cell. The destructive replication accounts for the fact that some viruses are agents of disease.
Since viruses use host metabolic machinery for multiplication it is difficult to use selective chemotherapy for
inhibition of virus growth. Existing effective antiviral agents selectively target virus-specific enzymes and processes.
Antibiotics are not effective against viruses because the latter lack the targets for antibiotic action. Many respiratory
infections are caused by viruses, with colds being the most common viral infection diseases. Other common illnesses
caused by viruses are influenza (flu), runny noses, most coughs, most bronchitis, most sore throats, most sinus
infections, and some ear infections.
3.2.5. Antibiotics: when they do more harm than good
Antibiotics do not cure viral infections, keep other individuals from catching the illness, nor help the patient feel better.
However, their use can prevent the natural microorganisms in the body from growing, which may lead to complications,
such as diarrhoea or yeast infection. It may also result in an antibiotic-resistant infection soon after the antibiotic use or
later. Resistant bacteria can cause severe illnesses that cannot be cured with antibiotics. When in the case of bacterial
infection an antibiotic is prescribed, the appropriate use is compulsory, such as recommended dosage and duration. If
treatment stops too soon, some bacteria may survive and turn into a reinfection [18].
3.3. The role of teachers
The idea that proper health education in schools can really influence health knowledge, attitudes, decision-making
skills, behaviour, health status and control over health and environment is not new [64, 65] and in the past 3-4 decades
an increasing number of programs, projects and initiatives in and with the schools have been launched in many
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countries worldwide. The effectiveness of these strategies can be discussed, but the main roles of school-based health
education programs in community health promotion may still be identified: 1) the provision of a fundamental
understanding of health and disease concepts to large segments of the population; 2) the reinforcement of positive
health attitudes; and 3) the alteration of concurrent health behaviours for significant health problems [64]. Effective
health education strategies usually rely on adopting successful, student-centred, teaching and learning approaches.
Frequently, the impact of school education on community health education and behaviour is either not evaluated or
seems to be small, yet some studies have shown evidence of improvement in the health and well-being of the entire
school community [66]. Such programs are likely to be most effective when a whole school approach is adopted [65]
and when the health problem has high perceived severity and susceptibility [64]; and this is clearly one idea that is
currently associated with antibiotic misuse.
General microbiology courses are perhaps the best means of teaching concepts related with antibiotic resistance and
reach many undergraduate students. Biology and microbiology students have a vested interest in understanding how
antibiotic-resistant bacteria are transmitted from person to person through commonly used items, how to decrease this
transfer, and when antibiotic treatment is appropriate. Within lectures, discussion on control of microbial growth can be
dovetailed with discussion on appropriate antibiotic use [33].
Although all teachers across Europe undergo professional training in a specific subject area for both junior and senior
schools [67], the topic concerning antibiotic use and how to reduce the spread of infection may not necessarily be seen
as a science subject [68], and this may be one of the reasons why it is not always considered in curricula. In fact, during
development of a pan-European educational resource, teacher focus groups highlighted that, particularly in primary
schools, many of the teachers do not have a science background and, as such, may feel uncomfortable in teaching this
topic. Accounting for that, it was decided that the teacher section of the educational pack would contain detailed lesson
plans and refresher background information on each section; in the event that the topic might be taught by a teacher
with limited microbiology knowledge [68]. The training of elementary teachers in this topic should also take place
within general biology and microbiology courses, but if this is not the case, alternative ways of training can be sought
[44, 69, 70].
Unfortunately, even at school levels before college, learning about microbes and antibiotic mode of action might not
occur. The young Canadian adults in the study [29] were not supposed to have received formal teaching on the topic,
while the French youngsters of [28] study were expected to have been introduced to the topic of “how microorganisms
help people”, and the English children in [26] research were following a curriculum in which it was a statutory
requirement to teach about microorganisms. Among the 36 biology topics for which Bahar et al. investigated the
difficulty perceived by 207 Scottish freshmen biology students only three topics pertaining microorganisms and
antibiotics are found: cellular response in defence (immune system), antibiotics and biological detergents, and
fermentation of yeast and baking and brewing. The last two topics have not been previously studied by ca. 45% of those
students. Herein it is sustained that the introduction of specific topics in the curricula helps to enhance the students’
understanding of the topics [71]. Accordingly, one can expect that more time and attention devoted to teaching about
bacterial infections and antibiotics action – at all levels – can improve students’ knowledge and ultimately their
behaviour towards antibiotic overuse and misuse.
In-depth discussions on teaching strategies and their potential to improve science learning can be found in the
literature. Nevertheless, most of the references from which the students’ conceptions were drawn (Table 1) provide
good suggestions. Byrne suggests some approaches to developing teaching strategies, incorporating children’s common
life experiences [26]. Simonneaux lists a set of variables that influence students’ conceptions and should be accounted
for by teachers, including the social representations relating to disease, and suggests teaching strategies [28].
Haltiwanger and co-workers place the emphasis on educating students about the scope of antibiotic overuse because
they are our future leaders, educators, and problem solvers [46]. Koopman et al. propose the Through the Eyes of the
Child model to understand the development of a child’s thoughts about illness. This model should be considered when
planning teaching sequences for the topic on antibiotics, because when describing illness to a child the emphasis must
be focused on explanations based on the child’s cognitive level [45]. Jones and Rua identify the main gaps in their study
participants’ knowledge and suggest strategies to attempt to overcome these failings [39]. Prout emphasizes that school
biology portraying the germ theory in a simplistic way may be implausible to students, and therefore supports their
choice of their own alternative conceptions in explaining diseases [25]. Changing an explanatory framework towards
more scientifically correct conceptions requires a cognitive struggle for the prior conception to be abandoned, but this
challenge is not sufficient per se to warrant the conceptual change. Other factors should be considered, such as affective
issues [29]. Romine et al. discuss several teaching strategies [47].
Even if the above proposals take the students’ conceptions into account, it is important to note that contradictory
ideas are often found among each individual’s conceptions, and that the arguments can be altered according to the
subject students are trying to explain [29]. Teachers should also be aware that students’ ideas, though they may include
several common misconceptions, are not necessarily identical within a group as a whole. Individual differences are
found, even if a set of mental models about microorganisms can be identified [26]. Knowing these mental models can
be helpful in planning teaching sequences, but misconceptions may still persist. Progression in scientific concepts does
not occur simply as a result of age, maturity, or educational experience in a linear fashion and learning is not a simple or
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straightforward process [26]. Teaching strategies for the topic microorganisms and antibiotic action can include a
variety of approaches already explored in the literature, like softwares, games, concept maps, lab activities.
It is common to all public health campaigns focused on antimicrobial stewardship to provide educational materials to
health professionals and the general public. Public service announcements, podcasts, and other electronic resources may
also be available. Though important, these approaches are often passive and are not as efficient as when used together
with more active strategies. The programmes designed for child education, in particular, allow the teachers to have
materials planned for children of different ages that can be used in the classroom. But because pupils will pick up
information even from materials aimed at adult information, teachers should be attentive to the contents of the
campaigns, analyse and discuss thoroughly with students in order for them to find meaning and understand the
information; in the classroom they can relate the presented information with their own life experiences. Moreover,
teachers could try to follow the cartoons, series and other television programs for children and youngsters because it has
been found that the media influences the ideas that students reveal about microorganisms, diseases and antibiotics [26,
28, 29, 39]. Critical analysis of the contents broadcast by the media can be conducted in the classroom. These issues, as
well as the idea of being able to discuss treatment options after an appropriate exchange of information [46] can easily
become the topics for debates, case-studies or role-play strategies.
Teachers and schools can seek support on networks related with health education, like the Schools for Health in
Europe network. The main emphasis of the network programmes has not, so far, included antibiotic action or prudent
use of antibiotics. However, when planning or developing activities to improve students’ knowledge and attitudes,
support can be requested at the local or national levels of this network, which involves educational and health-related
institutions [65]. This partnership provides access to health professionals and health-related resources as well as to
educational experts and educational resources.
The choice of educational resources must be cautious, as some resources may promote misconceptions; they cannot
afford to explain and explore all the details and concepts in a limited space or set of objects included in the resource.
Among the educational resources worthy of consideration, a good microbiology book is always a very good ally.

4. Final remarks
It may be observed that studies on children and teenagers’ conceptions and attitudes towards the antibiotic mode of
action and the proper use/overuse of antibiotics have been few over the years. Nevertheless, the ideas found are quite
similar across the decades, the age groups and the countries (Table 1). The results reviewed by Bader, 20 years ago, on
false public beliefs and his recommendation for communicators to address them namely highlighting that viruses and
bacteria are different and that is why the latter can be treated with antibiotics [72], are still completely relevant and
justified, as can be seen in the conceptions underlying the worldwide campaigns on the prudent use of antibiotics. This
permanence of misconceptions may justify why misuse of antibiotics persists and contributes to the global problem of
increasing antibiotic-resistant bacterial infections.
Most of the human diseases caused by bacteria are, for now, treated with existing antibiotics. However, the
seriousness of the aforementioned antibiotic-resistant bacteria problem poses the question of whether we will reach a
moment in which antibiotics will no longer be reliable therapeutics. If that moment comes, maybe the commonly held
belief among elders that dying without antibiotics would be the worst end of life situation [55] will become reality. This
idea can be justified by the fact that older people are the ones that knew a world without antibiotics, and more than
anyone else witnessed the marvellous consequences and medical progress due to antibiotic use.
A prudent use of antibiotics is undoubtedly a relevant topic in the framework of socio-scientific content that should
be part of Science-Technology-Society types of science curricula. Surprisingly, and notwithstanding its importance, this
topic is absent from a great number of general reports and recommendations about science and health education. As an
example we can note that there is no inclusion of the topic microorganisms and antibiotics in a Portuguese extended
report on what 21st century citizens should know [73]; in the Proceedings of the 2009 meeting of Contemporary Science
Education Research: International Perspectives [74]; in the comparative analysis of textbooks and teachers’ conceptions
from 19 countries [75]; in the US Healthy People 2020 framework for healthcare providers and communities to improve
health [76]; in the main concerns about health of the Schools for Health in Europe network [65].
We agree with Schibeci and Lee [77] in that among the relevant scientific knowledge, knowing topics that matter for
people’s well-being and health, for example that antibiotics attack bacteria, but not viruses, is more important. Diseases
caused by microorganisms and the need to cure them are part of the issues of the everyday life of students and represent
a suitable subject for a science class. It therefore seems important to link knowledge not only to the relevant scientific
fields, but also to students’ personal experiences [28]. It is the task of the school to take advantage of the interest that
the students bring with them on a specific concept as the use of antibiotics.
As a bottom line, teachers have the responsibility and opportunity to engage students in learning about a socioscientific topic that can be interesting, relevant and challenging for students in helping to change behaviours in their
community. While the role of school health education programs in community health promotion should be recognized
and supported, exaggerated and simplistic expectations regarding the outcomes of such activities should be avoided
[64]. Nevertheless, several studies have conducted intervention programs related to health issues with students, and
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have already found significant changes in students’ knowledge as well as in students’ attitudes towards a healthy
lifestyle with implications for community lifestyles [e.g. 78, 79].
The outcome, within the community, of the students’ improved knowledge about antibiotic action and proper use can
ultimately also stem from the kind of attitudes and intentions youngsters can portray, as illustrated in the Statement by
the young people present at the 3rd European conference on Health Promoting Schools, in 2009: “We want school
leaders, teachers and students to try to create a healthier and better society which should think about the present and the
future. (…) We also must persuade parents to be active and take part in health promoting activities” [65].

R eferences
[1]
[2]
[3]
[4]
[5]
[6]
[7]

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

1966

Marra A. Antibacterial resistance: is there a way out of the woods? Future Microbiology. 2011; 6(7):707-709.
Spellberg B, Blaser M, Guidos RJ, Boucher HW, Bradley JS, Eisenstein BI, Gerding D, Lynfield R, Reller LB, Rex J, Schwartz
D, Septimus E, Tenover FC, Gilbert DN. Combating antimicrobial resistance: policy recommendations to save lives. Clinical
Infectious Diseases. 2011;52(S5):S397-S428.
European Antibiotic Awareness Day. The EAAD Factsheet for general public page. European Centre for Disease Prevention
and Control network. Available at: http://ecdc.europa.eu/en/eaad/antibiotics/Pages/facts.aspx Accessed May 10, 2013.
European Antibiotic Awareness Day. Summary of latest data on antibiotic consumption in the European Union. Available at:
http://www.ecdc.europa.eu/en/eaad/documents/eaad-2011-summary-antimicrobial-consumption-data.pdf Accessed April 24,
2013.
Spellberg B, Guidos R, Gilbert D, Bradley J, Boucher HW, Scheld WM, Bartlett JG, Edwards J Jr. for the Infectious Diseases
Society of America. The epidemic of antibiotic-resistant infections: a call to action for the medical community from the
Infectious Diseases Society of America. Clinical Infectious Diseases. 2008;46:155-164.
Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R, Lipman J, Gomersall C, Sakr Y, Reinhart K for the
EPIC II Group of Investigators. International Study of the Prevalence and Outcomes of Infection in Intensive Care Units. The
Journal of the American Medical Association. 2009;302(21):2323-2329.
ECDC/EMEA. Joint technical report. The bacterial challenge: time to react - a call to narrow the gap between multidrugresistant bacteria in the EU and the development of new antibacterial agents. 2009. Available at:
http://www.ecdc.europa.eu/en/publications/Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.pdf
Accessed
April 24, 2013.
Klevens RM, Edwards JR, Richards CL Jr., Horan TC, Gaynes RP, Pollock DA, Cardo DM. Estimating health care-associated
infections and deaths in U.S. hospitals, 2002. Public Health Reports. 2007;122:160-166.
Boucher HW, Talbot GH, Bradley JS, Edwards JE Jr., Gilbert D, Rice LB, Scheld M, Spellberg B, Bartlett J. Bad bugs, no
drugs: no ESKAPE! An update from the Infectious Diseases Society of America. Clinical Infectious Diseases. 2009;48:1-12.
Rice LB. Federal funding for the study of antimicrobial resistance in nosocomial pathogens: no ESKAPE. The Journal of
Infectious Diseases. 2008;197:1079–1081.
World Health Organization. Report of the 1st Meeting of the WHO Advisory Group on Integrated Surveillance of Antimicrobial
Resistance. Copenhagen, 15-19 June 2009. Available at: http://apps.who.int/medicinedocs/documents/s16735e/s16735e.pdf
Acessed April 24, 2013.
Chan M. World Health Organization. Antimicrobial resistance: no action today, no cure tomorrow. Available at:
http://www.who.int/dg/speeches/2011/WHD_20110407/en/ Accessed April 24, 2013.
Communication from the Commission to the European Parliament and the Council. Action plan against the rising threats from
Antimicrobial Resistance. Brussels, 2011; European Commission, COM.2011(748).
Pulcini C, Gyssens IC. How to educate prescribers in antimicrobial stewardship practices. Virulence. 2013;4(2):192-202.
McNulty CAM, Cookson BD, Lewis MAO. Education of healthcare professionals and the public. Journal of Antimicrobial
Chemotherapy. 2012;67(S1): i11-i18.
Huttner B, Goossens H, Verheij T, Harbarth S, on behalf of the CHAMP consortium. Characteristics and outcomes of public
campaigns aimed at improving the use of antibiotics in outpatients in high-income countries. Lancet Infection Diseases.
2010;10: 17-31.
European
Antibiotic
Awareness
Day.
Antibiotics
Use
National
campaigns.
Available
at:
http://ecdc.europa.eu/en/eaad/activities/Pages/countryActivities.aspx Accessed April 24, 2013.
Get Smart: Know When Antibiotics Work. Available at: http://www.cdc.gov/getsmart/index.html Accessed April 24, 2013.
Bamford C. Misconceptions in interpretation of antimicrobial resistance data. South African Medical Journal. 2012;102(7):589590.
OECD, Health at a Glance 2011: OECD Indicators, OECD Publishing. 2011. Available at: http://www.oecd.org/health/healthsystems/49105858.pdf Accessed May 4, 2013.
Do Bugs Need Drugs? Available at: http://www.bccdc.ca/prevention/AntibioticResistance/DBND/default.htm Accessed April
24, 2013.
e-Bug: a place to play games and learn about antibiotics. Available at: http://www.e-bug.eu/ Accessed April 24, 2013.
Wandersee JH, Mintzes JJ, Arnaudin MW. Biology from the Learner's Viewpoint: A Content Analysis of the Research
Literature. School Science and Mathematics. 1989;89(8):654-668.
Duit R, Treagust DF. Conceptual change: A powerful framework for improving science teaching and learning. International
Journal of Science Education. 2003;25(6):671-688.
Prout A. Science, health and everyday knowledge: A case study about the common cold. European Journal of Science
Education. 1985;7(4):399-406.

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[26] Byrne J. Models of Micro‐organisms: Children’s knowledge and understanding of micro‐organisms from 7 to 14 years old.
International Journal of Science Education. 2011;33(14):1927-1961.
[27] Strike KA, Posner GJ. Conceptual change and science teaching. European Journal of Science Education. 1982;4(3):231-240.
[28] Simonneaux, L. A study of pupils’ conceptions and reasoning in connection with 'microbes', as a contribution to research in
biotechnology education. International Journal of Science Education. 2000;22(6):619-644.
[29] René É, Guilbert L. Les représentations du concept de microbe: un construit social contournable? Didaskalia. 1994;3:43-60.
[30] 2nd Faculty Development Conference: Teaching and Learning in the 21st Century. North Carolina Central University, 9-10
March 2012. The Interlink Allience. Available at: http://apps.who.int/medicinedocs/documents/s16735e/s16735e.pdf. Accessed
April 24, 2013.
[31] Bonwell CC, Eison JA. Active Learning: Creating Excitement in the Classroom. 1991. Available at:
http://www.ydae.purdue.edu/lct/hbcu/documents/Active_Learning_Creating_Excitement_in_the_Classroom.pdf.
Accessed
April 24, 2013.
[32] Fonseca MJ, Santos CL, Costa P, Lencastre L, Tavares F. Increasing Awareness about Antibiotic Use and Resistance: A HandsOn Project for High School Students. PLoS ONE. 2012;7(9):e44699. doi:10.1371/journal.pone.0044699.
[33] Blankinship LA. Determination of the Antibiotic Resistance Profile of Student Cell Phones. Journal of Microbiology & Biology
Education. 2012:178-179.
[34] Olsen RV, Prenzel M, Martin R. Interest in Science: A many faceted picture painted by data from the OECD PISA study.
International Journal of Science Education. 2011;33(1):1-6.
[35] Olsen RV, Lie S. Profiles of Students’ Interest in Science Issues around the World: Analysis of data from PISA 2006.
International Journal of Science Education. 2011;33(1):97-120.
[36] Krapp A, Prenzel M. Research on Interest in Science: Theories, methods, and findings. International Journal of Science
Education. 2011;33(1):27-50.
[37] Osborne J, Dillon J. Science Education in Europe: Critical Reflections A Report to the Nuffield Foundation. Available at:
http://www.fisica.unina.it/traces/attachments/article/149/Nuffield-Foundation-Osborne-Dillon-Science-Education-inEurope.pdf Accessed April 24, 2013.
[38] Duit R. Bibliography STCSE: Students’ and teachers’ conceptions and science education. Kiel, Germany: IPN – Leibniz
Institute for Science Education. 2009. Available at: http://www.ipn.uni-kiel.de/aktuell/stcse/stcse.html Accessed April 24, 2013.
[39] Jones MG, Rua MJ. Conceptions of Germs: Expert to Novice Understandings of Microorganisms. Electronic Journal of Science
Education. 2006;10(3):1-40.
[40] Nagy MH. The representation of “Germs” by children. Journal of Genetic Psychology. 1953; 83(2):227-240.
[41] Altman DG, Revenson TA. Children’s understanding of health and illness concepts: a preventive health perspective. The
Journal of Primary Prevention. 1985;6(1):53–67.
[42] Hansdottir I, Malcarne VL. Concepts of illness in Icelandic children. Journal of Pediatric Psychology. 1998;23(3):187–195.
[43] Kinchin IM, De‐Leij FAAM, Hay DB. The evolution of a collaborative concept mapping activity for undergraduate
microbiology students. Journal of Further and Higher Education. 2005;29(1):1-14.
[44] Sterling DR, Matkins JJ, Frazier WM, Logenvell MG. Science Camp as a Transformative Experience for Students, Parents, and
Teachers in the Urban Setting. School Science and Mathematics. 2010;107(4):134-148.
[45] Koopman HM, Baars RM, Chaplin J, Zwinderman KH. Illness through the eyes of the child: the development of children’s
understanding of the causes of illness. Patient Education and Counseling. 2004;55(3):363-370.
[46] Haltiwanger KA, Hayden GF, Weber T, Evans BA, Possner AB. Antibiotic-Seeking Behavior in College Students: What Do
They Really Expect? Journal of American College Health. 2001; 50(1): 9-13.
[47] Romine WL, Barrow LH, Folk WR. Exploring Secondary Students’ Knowledge and Misconceptions about Influenza:
Development, validation, and implementation of a multiple-choice influenza knowledge scale. International Journal of Science
Education. 2013; 1-28.
[48] Keselman A, Kaufman DR, Patel VL. ‘‘You can exercise your way out of HIV” and other stories: The role of biological
knowledge in adolescents’ evaluation of myths. Science Education. 2004; 88(4): 548-573.
[49] Campanha Nacional Pelo Uso Racional de Antibióticos e Pela Prevenção da Resistência Bacteriana. Available at:
http://resista.net/contacto Accessed April 24, 2013.
[50] Kuzujanakis M, Kleinman K, Rifas-Shiman S, Finkelstein JA. Correlates of Parental Antibiotic Knowledge, Demand, and
Reported Use. Ambulatory Pediatrics. 2003;3:203-210.
[51] Labig C, Zantow K, Peterson T. Factors affecting students’ medicine-taking habits. Journal of American College Health.
2005;54(3):177-183.
[52] Aronson BS. Antibiotic-taking experiences of undergraduate college students. Journal of the American Academy of Nurse
Practitioners. 2006;18:591-598.
[53] Grigoryan L, Burgerhof JGM, Degener JE, Deschepper R, Lundborg CS, Monnet DL, Scicluna EA, Birkin J, Haaijer-Ruskamp
FM on behalf of the SAR consortium. Attitudes, beliefs and knowledge concerning antibiotic use and self-medication: a
comparative European study. Pharmacoepidemiology and Drug Safety. 2007;16:1234-1243.
[54] Huang SS, Rifas-Shiman SL, Kleinman K, Kotch J, Schiff N, Stille JC, Steingard R, Finkelstein AJ. Parental knowledge about
antibiotic use: results of a cluster-randomized, multicommunity intervention. Pediatrics. 2007;119:698-706.
[55] Winter L, Parker B, Schneider M. Imagining the alternatives to life prolonging treatments: elders’ beliefs about the dying
experience. Death Studies. 2007;31(7):619-631.
[56] Barah F, Morris J, Goncalves V. Irrational use and poor public beliefs regarding antibiotics in developing countries: a
pessimistic example of Syria. International Journal Clinical Practice. 2009;63(8):1263-1264.
[57] Dumais N, Hasni A. High School Intervention for Influenza Biology and Epidemics/Pandemics: Impact on Conceptual
Understanding among Adolescents. CBE - Life Sciences Education. 2009;8:62-71.

© FORMATEX 2013

1967

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[58] Larson E, Ferng Y, Wong J, Alverez-Cid M, Barrett A, Gonzalez MJ, Wang S, Morse SS. Knowledge and misconceptions
regarding upper respiratory infections among urban Hispanic households: Need for targeted messaging. Journal of Immigrant
Minority Health. 2009;11:71-82.
[59] Common
myths
about
infections
and
antibiotics.
Evans
Medical
Group.
Available
at:
http://www.evansmedicalgroup.com/files/common-myths-about-infections-and-antibiotics.pdf Accessed May 4, 2013.
[60] Health Matters-SDSU Student Health Services-Antibiotics. Available at: http://sdsu.edu/ Accessed May 4, 2013.
[61] Belongia EA, Naimi TS, Gale CM, Besser RE. Antibiotic use and upper respiratory infections: a survey of knowledge,
attitudes, and experience in Wisconsin and Minnesota. Preventive Medicine. 2002;34:346-352.
[62] Survey of non-prescribed use of antibiotics for children in an urban community in Mongolia. Bull World Health
Organ 88(12) Genebra Dec. 2010. Available at: http://www.scielosp.org/pdf/bwho/v88n12/v88n12a14.pdf Accessed April 30
2013.
[63] Madigan MT, Martinko JM, Dunlap PV, Clark DP, eds. Brock Biology of Microorganisms. 12th ed. Pearson Benjamin
Cummings; 2009.
[64] Bartlett EE. The contribution of school health education to community health promotion: what can we reasonably expect?
American Journal of Public Health. 1981;71(12):1384–1391.
[65] Buijs GJ. Better Schools through Health : networking for health promoting schools in Europe. European Journal of Education.
2009;44(4-I):507-520.
[66] Stewart-Brown S. What is the evidence on school health promotion in improving health or preventing disease and specifically,
what is the effectiveness of the health promoting school approach?. Copenhagen:WHO European region; 2006.
[67] Education, Audiovisual and Culture Executive Agency. Key Data on Education in Europe, 2009. Available at:
www.eurydice.org Accessed May 2, 2013.
[68] Lecky DM, McNulty CA, Adriaenssens N, Herotova TK, Holt J, Kostkova P, Merakou K, Koncan R, Olczak-Pienkowska A,
Avô AB, Campos J, Farrell D, Touboul P, on behalf of the e-Bug Working Group. Development of an educational resource on
microbes, hygiene and prudent antibiotic use for junior and senior school children. Journal Antimicrobial Chemotherapy.
2011;66(5):23-31.
[69] Lock R, Dunkerton J. Evaluation of an in-service course on biotechnology. Research in Science & Technological Education.
1989;7(2):171-181.
[70] ChanLin L, Chan K. Integrating inter-disciplinary experts for supporting problem-based learning. Innovations in Education and
Teaching International. 2007;44(2):211–224.
[71] Bahar M, Johnstone AH, Hansell MH. Revisiting learning difficulties in biology. Journal of Biological Education.
1999;33(2):84-86.
[72] Bader R. Overcoming false public beliefs - possible strategies for improving environmental risk literacy. Toxicological &
Environmental Chemistry. 1993;40:275-288.
[73] Cachapuz A, Sá-Chaves I, Paixão F. "Relatório do Estudo Saberes Básicos de Todos os Cidadãos no Século XXI." Estudos e
Relatórios. 2004:15-94.
[74] ESERA 2009 Conference. Contemporary science education research: international perspectives. In: Taşar MF, Çakmakcı G,
eds. Ankara, Turkey: Pegem Akademi; 2010.
[75] Carvalho GS, Clément P. Projecto “Educação em biologia, educação para a saúde e educação ambiental para uma melhor
cidadania”: análise de manuais escolares e concepções de professores de 19 países (europeus, africanos e do próximo oriente)
“Biology, Health and Environmental Education for better Citizenship” project: analyses of textbooks and teachers’ conceptions
from 19 countries. 2007. Available at: http://hdl.handle.net/1822/7775 Accessed April 10, 2013.
[76] Inman DD, van Bakergem KM, Larosa AC, Garr DR. Evidence-based health promotion programs for schools and communities.
American Journal of Preventive Medicine. 2011 Feb;40(2):207–219.
[77] Schibeci R, Lee L. Portrayals of science and scientists, and “science for citizenship”. Research in Science & Technological
Education. 2003;21(2):177–192.
[78] Ferreira, NMC. Avaliação do impacte de uma intervenção pedagógica na promoção de conhecimentos favoráveis a um estilo
de vida saudável: um estudo efetuado em alunos do 2º ciclo. MSc Dissertation. Universidade do Minho, Portugal. Available at:
http://hdl.handle.net/1822/20930 Accessed April 10, 2013.
[79] Onyango-Ouma W, Aagaard-Hansen J, Jensen BB. The potential of schoolchildren as health change agents in rural western
Kenya. Social Science & Medicine. 2005;61(8):1711-1722.

1968

© FORMATEX 2013

