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Objectives: e-Bug, a junior and senior school educational programme to decrease the spread of infection and
unnecessary antibiotic use, was developed and consisted of eight sections providing information on the spread,
treatment and prevention of infection as well as basic information on microbes, both useful and harmful. Each
section comprised teacher background information, lesson plans and an interactive student activity, and exten-
sion activities were also available for more able students. This study aimed to evaluate the effectiveness of the
e-Bug pack in improving children’s knowledge in these key areas, when used within the National Curriculum in
England, France and the Czech Republic.

Methods: Junior (9–11 years) and senior (12–15 years) school classes were divided into either control or inter-
vention groups for evaluation of the resource. Students were required to complete identical knowledge ques-
tionnaires at three timepoints (before, immediately after and 6 weeks after teaching), to assess knowledge
change and retention. Teaching, using the e-Bug pack, was given by junior and senior school teachers.

Results: The junior e-Bug teaching pack demonstrated a significant improvement in student’s knowledge in all
sections and there was no significant decrease in student knowledge observed after a 6 week period. Knowl-
edge improvement with the senior e-Bug pack varied between regions, although consistent improvement
was observed for Gloucestershire (England) and Ostrava (Czech Republic).

Conclusions: Although a success, modifications are required in both packs to further improve student knowl-
edge and make the packs more appealing.
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Introduction
As highlighted by the European Health Council in 2008, ‘antimi-
crobial resistance is still a growing health problem which
increases morbidity, mortality, and health costs’.1 To reduce
the spread of antibiotic-resistant organisms in the hospital
setting, several European Union (EU) countries have introduced
hygiene2,3 and prudent antibiotic prescribing campaigns.4,5

Antibiotic resistance has been associated with inappropriate
antibiotic use6,7 and is now emerging as a problem in the commu-
nity and, through inappropriate antibiotic use, the public contribute
to its emergence and spread.8 European questionnaire surveys

indicate that the public still do not understand that antibiotics
are usually not needed for coughs and colds. Moreover, there is
high usage of antibiotics without consulting a health professional
in Eastern and Southern Europe.9 – 11 Several countries have under-
taken public antibiotic awareness campaigns12 and the EU annual
European Antibiotic Awareness Day13 advises the general public
that taking antibiotics for the wrong reasons, such as against
colds or flu, is of no benefit but may actually cause bacteria to
become resistant to antibiotic treatments, kill their helpful bacteria
and often results in side effects such as diarrhoea.1,14

In many European countries, antibiotic prescription rates are
high in children and antibiotics are the most common
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medication prescribed.15 Public campaigns thus far have tar-
geted adults, who are the gatekeepers to antibiotic use, with
little education of children, who are our future generation of anti-
biotic users and prescribers. Teaching children about the different
types of microbes and the increasing problems of antibiotic
resistance with unnecessary use of antibiotics, should not only
raise awareness in our future generation of antibiotic users but
also in the family environment, as these children take the mess-
ages home to their parents. Children are the main reservoir of
common cold viruses.16 Within schools, respiratory and gastroin-
testinal infections are a major cause of childhood illness, with
poor respiratory and hand hygiene contributing to increased
spread. Secondary cases in parents and school staff are
common.17,18 School hygiene campaigns have been shown to
reduce rates of infection in schoolchildren, staff and their
families, and this in turn may reduce antibiotic use.19,20

e-Bug is a European DG SANCO-sponsored project that has been
developed to disseminate a school education resource across
Europe (where DG SANCO stands for Directorate General for
Health and Consumer Protection). It comprises a booklet of
detailed lesson plans covering microbes, hygiene, antibiotics and
vaccines, and a web site hosting complementary games, presen-
tations and graphics. The project is led by the HPA Primary Care
Unit in Gloucester and involves a consortium of 10 associate
partner countries (Belgium, Czech Republic, Denmark, France,
England, Greece, Italy, Poland, Portugal and Spain) and eight col-
laborating partner countries (Croatia, Finland, Hungary, Ireland,
Latvia, Lithuania, Slovakia and Slovenia) accounting for 62%
(334 million) of the European population.

The aim of this study is to evaluate student knowledge in
England, France and the Czech Republic, before and after teach-
ing, using a final draft version of the e-Bug educational pack
compared with control groups and to assess whether this knowl-
edge is retained 6 weeks post-teaching.

Methods

The e-Bug teaching pack
The initial core teaching programme has two interactive teacher resource
packs to assist in educating children aged 9–11 years (junior) and

12–15 years (senior),21 each comprising eight distinct lesson plans
(Table 1). The resource was developed by microbiologists in collaboration
with health and education professionals across the 18 EU partner countries.
Each individual activity was piloted with schoolchildren who were not
involved in the main study. Pack lesson plans aimed to cover Klob and
Fry’s four learning styles: observers; thinkers; deciders; and doers.22

The e-Bug resource links into a specific area of the school National
Curriculum in each country. Guidance on the content and lesson plans
is provided for the teacher. Each 45 min lesson has student handouts,
worksheets and factsheets and involves a teacher-mediated introduction
to the sub-section, an interactive activity and a follow-up plenary ques-
tion-and-answer session. Each lesson also has an extension activity for
homework or more able students.

Evaluation
The study was a before-and-after evaluation of the e-Bug teaching pack
using control and intervention groups. Packs were taught in specific sec-
tions of each country’s National Curriculum, with intervention group tea-
chers given full control of how and where they would use the resource.
Effectiveness was measured by assessing student knowledge of the key
learning outcomes at three intervals: baseline; post-intervention; and
retention (Figure 1). The sections examined in both junior and senior
schools were Introduction to Microbes, Spread of Infection and Treatment
and Prevention of Infection.

Population
Evaluation was undertaken with classes of 9- to 11-year-old ( junior) and
12- to 15-year-old (senior) students in state-maintained schools in two
separate regions of England (Gloucestershire and London), France (Nice
and Bordeaux) and the Czech Republic (Prague and Ostrava).

Sample size
The sample size was based on data from evaluation of the English Bug
Investigators resource.23 For an 80% power to detect, at the 0.05 level
of significance, a useful difference in knowledge between the intervention
and control groups of 15%, the required sample size was 151 students in
each of the control and intervention groups at both baseline and post-
intervention stage. Allowing for 30 children from each class, previous
experience from the UK of recruitment of schools and dropout rates
suggested that 30 junior (15 intervention and 15 controls; 900 children)
and 30 senior (15 intervention and 15 controls; 900 children) school
classes should be approached in each country in order to be sure of
having 10 of each of the junior and senior intervention and control
classes (40 classes and 1200 children in total). This number of classes
allows for a further 30% of schools (400 children) to drop out and for a
further 25% non-completion of questionnaires by 200 children, giving
151 students in each group. The 60 classes to be approached in each
country are for the entire country, not in each region.

School selection
In a school, junior classes (9–11 years) and senior classes (12–15 years)
were eligible to take part if they had not yet been taught that particular
section of the National Curriculum. Across all three countries some
schools included both intervention and control groups, although these
were taught by different teachers.

England

Gloucestershire and London schools were selected at random from a list
obtained from Local Education Authority (LEA) websites and schools were
asked to participate in the study via e-mail, telephone and letter. Contact

Table 1. e-Bug pack structure

Section and sub-sections

Introduction to Microbes
An Introduction
Good Microbes
Bad Microbes

Spread of Infection
Hand Hygiene
Respiratory Hygiene
Food Hygiene ( junior schools only)
Sexually Transmitted Infections (senior schools only)

Treatment and Prevention of Infection
Antibiotic Use and Medicine
Vaccines
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teachers attended an evaluation briefing session prior to the introduction
of the resources in the school. As some English schools already had their
microbiology lessons planned for the following term, we took a prag-
matic approach to allocation of intervention and control groups.
Schools that already had their microbiology lessons planned for the fol-
lowing term were placed in the control group. Most schools who did
not have their lesson plans in place requested to be in the intervention
group rather than the control group and some stated they would not
participate in the study if placed in the control group. This led to
under-recruitment of control schools (Figures 2 and 3).

France

General inspectors for junior schools and science inspectors for senior
schools in each local school authority were asked to select two groups
of comparable schools, taking into account school type (private/public),
geographical location and socioeconomic environment, for the interven-
tion and the control groups. The inspectors sent teachers a detailed infor-
mation letter explaining the evaluation method but gave no training on
how to the use the resources.

Czech Republic

Schools in Prague were selected at random, whereas schools in the
Ostrava region were recommended by the Regional Public Health
Authority. All schools were public schools with a non-selected student
population. Prague and Ostrava regions represent two areas with differ-
ent socioeconomic backgrounds. Both the director and the teachers in
every school were instructed on how to use e-Bug packs and how to
use evaluation questionnaires. Reminder follow-up instruction letters
were also sent to junior schools prior to the start of the evaluation.

Intervention schools

In the 2008–09 academic year, teachers within the intervention group used
the e-Bug resource to teach their class under normal classroom conditions.

Control schools

Control classes were taught the microbiology section of the school curri-
culum using their usual materials. Teachers were asked not to use e-Bug
learning materials in the pack or the e-Bug web site.

Classes Recruited

Classes Participating

Usable Data

Czech Republic

21 classes

468 students 

Control

11 classes

240 students

Intervention

9 classes

204 students

England

22 classes

684 students

Control

2 classes

58 students 

Intervention

11 classes

399 students

France

49 classes

1029 students

Control

12 classes

249 students

Intervention

14 classes

381 students

Control

9 classes

223 students

Intervention

9 classes

191 students

Control

2 classes

57 students 

Intervention

9 classes

357 students

Control

10 classes

136 students

Intervention

10 classes

233 students

0%

6.4%

10.5%

7.1%

72.1%

10.5%

16.2%

1.7%

50.6%

38.9%

27.4%

45.4%

Figure 2. Recruitment of junior school classes and students to the evaluation, illustrating the percentage of student dropout between each phase.

19%

15.3%

19%

37%

Classes Recruited

Classes Participating

Usable Data

Czech Republic

25 classes

627 students

Control

13 classes

302 students

Intervention

11 classes

293 students

Control

12 classes

250 students

Intervention

10 classes

263 students

England

63 classes

1452 students

Control

9 classes

199 students 

Intervention

23 classes

596 students 

Control

3 classes

110 students

Intervention

20 classes

583 students

France

24 classes

672 students 

Control

11 classes

308 students

Intervention

10 classes

295 students

Control

9 classes

194 students

Intervention

9 classes

250 students

9.6%

10.2%

0%

17.2%

39%

2.2%

51.4%

44.7%

Figure 3. Recruitment of senior school classes and students to the evaluation, illustrating the percentage of student dropout between each phase.

*This time period varied between schools. 

Questionnaire 1

(Baseline Knowledge)

Intervention Period*

(Teaching microbiology within the curriculum.) 

Questionnaire 2 

(Knowledge Change)

Questionnaire 3

(Knowledge Retention) 

6 weeks

Figure 1. Questionnaire timeline.
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Teacher and student questionnaires

Student knowledge

Change in knowledge was measured using a modified version of a vali-
dated questionnaire used in a previous study (Tables 2 and 3).23,24 Stu-
dents were asked to tick ‘agree’, ‘disagree’ or ‘don’t know’ to a series
of statements related to the learning outcomes of the e-Bug pack. The
same questionnaires were used in each country. Control classes com-
pleted the questionnaires at the same timepoints as the intervention
classes. Student names were collected so that the three questionnaires
at baseline, post-intervention and retention could be matched. In
France, this involved taking the first three letters of the first and family
names in order to meet confidentiality data storage requirements. Ques-
tionnaires collected in England and the Czech Republic followed their
institutional guidelines on the storage of data.

Confounding factors

To adjust for possible confounders, we collected information pertaining
to school location, i.e. city, town or rural, number of students and year
groups in the school, age groups of students in the school and in the par-
ticipating class, number of students in the participating class and the
number of students registered as having a learning disability in the
school and in the participating class. Information collected on the tea-
chers included teaching qualifications held, number of years of experi-
ence teaching science and teacher’s knowledge of microbiology
pertinent to this age group. The number of students on the learning dis-
ability register was not available for France.

Ethical considerations
Previous consultation with the South West Multicentre Research Ethics
Committee (MREC) confirmed that consent need not be sought from
an NHS Research Ethics Committee (NHS REC) for this type of study as
it did not involve NHS patients, staff or facilities.23 Provided anonymized
results were published, no ethical review was needed as the study was
educational and posed no potential harm for participants. At the end
of the evaluation in England a small gift was given to each child partici-
pating in the evaluation and schools were given a certificate of partici-
pation. In France and the Czech Republic each participating school was
given E80 to cover time and consumables.

Written consent was obtained from the head of science or head
teacher in each participating school in England and the Czech Republic
and the school inspectors in France.

Data analysis
Analysis was carried out centrally in the UK. The effectiveness of the pack
was assessed by grouped statement data, i.e. baseline, post-intervention
and retention questionnaires were matched by student name. The analy-
sis was performed separately for junior and senior schools. Two types
of outcome were analysed: question-specific, which was dichotomous
and assumed to be normally distributed; and section-specific (the
number of correct responses for each section), which was treated as con-
tinuous. When students did not respond to a question they were omitted
from that question-specific question and section.

Confounding variables

Continuous confounding variables were categorized so that all fixed con-
founders were categorical. Those variables that are continuous (number
of students and years of teacher experience) were categorized as follows.
For junior schools the categories chosen were: 0–199, 200–299,
300–399 and 400 or more for number of students in the school; 0–14,

15–24 and 25 or more for number of students in the class; and 0, 1–
4, 5–9, 10–19 and 20 or more for years of teacher experience. The
corresponding categorizations chosen for senior schools were: 0–399,
400–499, 500–699 and 700 or more; 0–19, 20–29 and 30 or more;
and 0–4, 5–9, 10–19, 20–29 and 30 or more. Number of year groups
was treated as categorical. A preliminary analysis revealed that, while
the magnitude of the estimated impact of the educational pack differed
between the analyses that included or excluded the potential confoun-
ders, the qualitative conclusion of the pack’s effectiveness did not.
Thus, these confounders were not included in subsequent analysis. Sub-
sequent analysis was performed in a single hierarchical model with a
three-way interaction between region, intervention (intervention and

Table 2. Junior school knowledge questionnaire

Section/question
Correct

response

Introduction to Microbes
If you cannot see a microbe it is not there false
All bacteria are harmful false
Bacteria and viruses are the same false
Fungi are microbes true
Microbes are found:
in boiling water false
in our mouths true
on our hands true
on animals true

All microbes are bad false
People have microbes all over their body true
We use some microbes to make yogurt true
We use some microbes to make bread true
Some microbes can make us ill true

Spread of Infection
Bad microbes can spread:
when you touch someone’s hands true
from raw meat true
from well cooked meat false

People should wash their hands:
before eating true
after a bath false
before helping make a meal true
after touching pets true

If people wash their hands they are less likely to get ill true
Washing with soap and water removes more microbes

than water alone
true

Microbes cannot spread by sneezing or coughing false
Sneezing into a tissue stops more microbes than sneezing

into a hand
true

Treatment and Prevention of Infection
Antibiotics:
kill bacteria true
kill viruses false
will cure any illness false
kill our good bacteria true
help when you have a cough false

Most coughs and colds get better without antibiotics true
Vaccines help protect people against some microbes true

Evaluation of e-Bug
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control group) and knowledge phase (baseline, change and retention).
Section-specific analysis was performed using normal linear regression
and question-specific analysis was performed using logistic regression.

Only named data were analysed as these questionnaires could be
matched. In France, some students either forgot or were wrongly
instructed by their teacher and had not entered their name. Analysis of
these unnamed, i.e. unmatched, data was performed separately to inves-
tigate any possible bias caused by omitting these data.

All analyses were performed in STATA, version 10, using xtmelogit and
xtmixed for the logistic and normal hierarchical models, respectively, and
xtlogit and xtreg, respectively, when analysing the dichotomous and
continuous outcomes for the unnamed French junior school data.

Results

Response

Junior schools

Two thousand one hundred and eighty-one students were
initially recruited into the study from the Czech Republic,
England and France. However, school dropout rates were extre-
mely high between recruitment and participation stages: Czech
Republic (10.5% intervention); England (72.1% control and
16.2% intervention); and France (50.6% control and 27.4% inter-
vention) (Figure 2). This resulted in 984 intervention group stu-
dents (204 Czech Republic, 399 England and 381 France) and
547 control group students (240 Czech Republic, 58 England
and 249 France) who actually participated in the evaluation
(Figure 2). From the participation stage to usable data a
number of questionnaires were not returned/valid due to either
school dropout or incorrectly completed questionnaires in each
country for both the intervention (6.4% Czech Republic, 10.5%
England and 38.9% France) and control (7.1% Czech Republic,
1.7% England and 45.4% France) groups. Only data from stu-
dents who filled in at least two of the three questionnaires
were analysed. This resulted in a final usable dataset of 781
intervention group students (191 Czech Republic, 357 England
and 233 France) and 416 control group students (223 Czech
Republic, 57 England and 136 France).

Senior schools

Two thousand seven hundred and fifty-one students were
initially recruited from the Czech Republic, England and France.
However, school dropout rates were extremely high between
recruitment and participation stages: Czech Republic (9.6%
control); England (39% control and 51.4% intervention); and
France (19% each for control and intervention groups)
(Figure 3). This resulted in 1184 intervention group students
(293 Czech Republic, 596 England and 295 France) and 809
control group students (302 Czech Republic, 199 England and
308 France) who participated in the evaluation (Figure 3).
Again, high dropout rates were observed in both the intervention
groups (10.2% Czech Republic, 2.2% England and 15.3% France)
and the control groups (17.2% Czech Republic, 44.7% England
and 37% France) between the participation stage and the final
usable dataset. The final usable dataset for senior schools
involved 1096 intervention group students (263 Czech Republic,
583 England and 250 France) and 554 control group students
(250 Czech Republic, 110 England and 194 France).

Table 3. Senior school knowledge questionnaire

Section/question
Correct

response

Introduction to Microbes
If you cannot see a microbe it is not there false
There are more bad microbes than good microbes false
Bacteria and viruses are the same size false
Fungi can be used to make antibiotics true
Microbes are found:
in boiling water false
on animals true
all over our body true

Bacteria that normally live in the skin and gut are good for
your health

true

You are in good health if you don’t have any microbes in
your body

false

Viruses cannot reproduce by themselves true
Bacteria can only survive in a host cell false
We use dead bacteria to make yogurt through

fermentation
false

Microbes are the cause of all illnesses false
Microbes can cause food poisoning true

Spread of Infection
Bad microbes can spread:
when you touch someone’s hands true
when you touch door handles true
from only one sexual contact true
through safe sex false

People should wash their hands:
before eating true
after a bath false
before helping to make a meal true
after touching pets true

Hygiene cannot prevent infections false
Washing with soap and water removes more microbes

than water alone
true

Microbes cannot spread by sneezing or coughing false
Sneezing into a tissue or sleeve stops more microbes

spreading than sneezing into a hand
true

Treatment and Prevention of Infection
Antibiotics:
kill bacteria true
kill viruses false
will cure any infection false
work on most coughs and colds false

You should only take prescribed antibiotics until you feel
better

false

Vaccines help protect people against only viral infections false
There is a vaccine for the common cold true
Antibiotics do not kill our good bacteria false
If taken often, and inappropriately, antibiotics are less

likely to work in the future
true
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Knowledge before use of education pack

Student knowledge across all three sections was extremely vari-
able prior to teaching (Table 4). Correct responses for baseline

knowledge was highest in the Spread of Infection section
(73.1%–84% of junior children and 68.5%–78.1% of senior stu-
dents) and poorest in the Treatment and Prevention of Infection
section, which included prudent antibiotic use and vaccines
(33.8%–53.7% of junior children and 28.6%–53.7% of senior
students). Students in England demonstrated the lowest
average baseline knowledge for the Treatment and Prevention
of Infection section.

Knowledge after education

Junior school section-specific analysis

Within the intervention group, knowledge after teaching
improved significantly across all three sections for each country
(Table 5). This knowledge was retained 6 weeks after intervention
teaching.

Control group students also demonstrated an increase in
knowledge across all three areas of teaching. However, this
improvement was not as marked as in the intervention groups
(Table 5). There was little significant difference in knowledge
change when comparing the intervention and control groups,
with the exception of the Czech Republic, where the Ostrava
region showed a significantly higher knowledge improvement
when using the e-Bug pack in all three sections and Prague
demonstrated a higher knowledge change for the Introduction

Table 5. Junior school student percentage knowledge change (95% confidence interval) over time for control and intervention groups

Section/location

Control Intervention

baseline post-intervention retention baseline post-intervention retention

Introduction to Microbes
Gloucestershire 6.8 (24.4, 18.0) 33.5 (22.3, 44.7) 33.7b (22.6, 44.9) 0 32.5 (30.3, 34.7) 29.8 (27.0, 32.6)
Londona 2 2 2 2 2 2

Nice 8.1 (20.7, 16.9) 24.3 (14.5, 34.1) 26.5 (15.5, 37.4) 7.0 (20.8, 14.7) 30.0 (22.3, 37.8) 32.5 (24.3, 40.6)
Bordeaux 9.3 (20.6, 19.1) 29.1 (18.8, 39.4) 31.5 (21.3, 41.8) 13.2 (2.2, 24.2) 36.4 (24.2, 48.5) 36.2 (23.8, 48.6)
Prague 3.5 (24.7, 11.7) 14.1 (5.3, 22.9) 13.4 (4.7, 22.0) 6.0 (22.4, 14.4) 26.4b (18.0, 34.8) 28.4b (19.9, 36.9)
Ostrava 20.7 (28.7, 7.3) 2.1 (26.2, 10.4) 11.6 (3.6, 19.6) 4.7 (23.5, 12.8) 30.8b (22.7, 39.0) 29.1b (21.0, 37.3)

Spread of Infection
Gloucestershire 5.7 (23.5, 14.9) 10.5 (1.3, 19.8) 12.2 (3.0, 21.4) 0 10.6 (8.6, 12.6) 12.2 (9.6, 14.8)
Londona 2 2 2 2 2 2

Nice 2.8 (24.7, 10.3) 27.7 (216.2, 0.8) 22.1 (211.7, 7.5) 23.0 (29.5, 3.4) 6.2b (20.3, 12.6) 8.1b (1.2, 14.9)
Bordeaux 1.8 (26.3, 9.9) 11.5 (3.0, 20.1) 12.4 (3.9, 21.0) 5.0 (24.0, 14.0) 15.5 (5.3, 25.7) 11.9 (1.5, 22.3)
Prague 3.3 (23.5, 10.1) 3.4 (24.1, 10.9) 2.1 (25.2, 9.4) 23.8 (210.9, 3.3) 9.4 (2.4, 16.5) 6.9 (20.2, 14.1)
Ostrava 24.4 (211.1, 2.2) 25.3 (212.3, 1.7) 24.3 (211.0, 2.4) 22.7 (29.5, 4.1) 8.6b (1.8, 15.4) 10.7b (3.9, 17.5)

Treatment and Prevention of Infection
Gloucestershire 2.8 (28.4, 14.1) 16.8 (5.5, 28.1) 14.7 (3.5, 25.9) 0 15.4 (12.6, 18.1) 14.6 (11.1, 18.1)
Londona 2 2 2 2 2 2

Nice 15.9 (6.7, 25.0) 24.1 (13.6, 34.6) 12.1 (0.0, 24.3) 13.3 (5.5, 21.1) 22.5 (14.6, 30.3) 27.4b (19.0, 35.9)
Bordeaux 19.0 (9.1, 28.9) 26.9 (16.4, 37.5) 32.2 (21.6, 42.7) 18.7 (7.8, 29.7) 30.8 (18.1, 43.5) 22.3 (9.3, 35.3)
Prague 14.0 (5.7, 22.3) 19.8 (10.5, 29.2) 24.4 (15.4, 33.4) 16.9 (8.2, 25.5) 29.8b (21.2, 38.4) 26.0 (17.3, 34.7)
Ostrava 12.4 (4.3, 20.5) 10.1 (1.4, 18.7) 10.3 (2.1, 18.5) 9.5 (1.2, 17.8) 28.3b (19.9, 36.6) 20.0b (11.7, 28.3)

Values in bold type are significantly different from the previous phase.
aNo schools were available.
bKnowledge in this group (control or intervention) was significantly higher when compared with the other.

Table 4. Percentage of students with correct responses before teaching
by section

Location
Introduction to

Microbes
Spread of
Infection

Treatment and
Prevention of Infection

Junior schools
Gloucestershire 51.7 78.3 33.8
London — — —
Nice 59.2 74.8 46.8
Bordeaux 67.3 84.0 53.7
Prague 57.7 76.3 50.3
Ostrava 57.2 73.1 41.2

Senior schools
Gloucestershire 49.3 68.5 28.6
London 60.0 77.6 33.3
Nice 63.5 77.5 52.5
Bordeaux 62.3 74.6 51.0
Prague 62.9 78.1 53.7
Ostrava 58.9 77.8 49.0
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to Microbes and Treatment and Prevention of Infection sections.
Nice also showed a higher knowledge improvement when
using e-Bug for the Spread of Infection section. With the excep-
tion of Prague in the Treatment and Prevention of Infection
section, these regions also demonstrated significantly higher
knowledge retention than the control groups.

Senior school section-specific analysis

Senior intervention group Student knowledge after teaching
improved over all three sections in three of the six regions
(Table 6); knowledge remained unchanged for only the Treat-
ment and Prevention of Infection section in Bordeaux but
remained unchanged for all three sections in London and
Prague. Six weeks after teaching, only the Ostrava region of the
Czech Republic showed significant deterioration in student
knowledge, and this was for Treatment and Prevention of
Infection.

Senior control group Data were not available for London senior
school students. In both regions of the Czech Republic (Ostrava
and Prague) there was no increase in knowledge for any
section. In two regions (Gloucestershire and Bordeaux), knowl-
edge improved in all sections. However, 6 weeks after teaching
this knowledge decreased in Gloucestershire schools for Spread

of Infection and Treatment and Prevention of Infection. The
Nice region of France also demonstrated an improvement in
student knowledge for the Introduction to Microbes section.

Senior intervention group compared with control

Knowledge improvement was significantly higher in Gloucester-
shire and Ostrava schools for all three pack sections, and for
schools in Prague in the Spread of Infection section, after teach-
ing with e-Bug when compared with the control group. Knowl-
edge retention in these regions was also significantly higher
than that of the control group.

Unnamed data

Paired data analysis was not possible for 428 French question-
naires where the junior children’s names were omitted. Analysis
of the unnamed junior data suggests that there may have been
some improvement in the Nice intervention junior schools for the
Introduction to Microbes and Treatment and Prevention of Infec-
tion sections, although there was a significant decrease at the
retention phase, indicating that any possible benefit was only
temporary for schools in Nice. Bias in junior results appeared to
be limited (data not shown, but available from authors).

Table 6. Senior school student percentage knowledge change (95% confidence interval) over time for control and intervention groups

Section/location

Control Intervention

baseline post-intervention retention baseline post-intervention retention

Introduction to Microbes
Gloucestershire 23.5 (29.7, 2.7) 12.3 (7.3, 17.4) 7.8 (0.7, 14.9) 0 18.9b (17.1, 20.7) 19.1b (17.2, 20.9)
Londona 2 2 2 9.3 (21.7, 20.2) 14.9 (3.9, 25.9) 14.7 (3.2, 26.1)
Nice 11.0 (2.9, 19.0) 19.1 (11.0, 27.2) 16.6 (8.4, 24.8) 11.5 (4.2, 18.7) 20.3 (12.9, 27.8) 20.2 (12.3, 28.0)
Bordeaux 8.3 (1.9, 14.7) 20.3 (13.9, 26.6) 23.3(16.9, 29.7) 10.3 (3.5, 17.0) 22.2 (15.4, 28.9) 24.5 (17.7, 31.2)
Prague 11.6 (5.2, 18.0) 14.8 (8.2, 21.5) 10.1 (3.5, 16.8) 13.4 (7.1, 19.8) 13.8 (7.2, 20.4) 18.6b (12.1, 25.2)
Ostrava 4.3 (21.9, 10.6) 0.8 (25.9, 7.6) 4.7 (21.5, 10.9) 8.9 (2.6, 15.3) 24.0b (17.6, 30.3) 20.1b (13.7, 26.5)

Spread of Infection
Gloucestershire 23.6 (29.9, 2.7) 7.0 (2.0, 12.0) 21.6 (28.9, 5.8) 0 15.0b (13.0, 17.0) 13.9b (11.8, 15.9)
Londona 2 2 2 7.8 (22.3, 17.8) 13.2 (3.1, 23.4) 11.8 (1.0, 22.5)
Nice 7.8 (0.1, 15.4) 10.8 (3.1, 18.4) 7.6 (20.3, 15.4) 7.2 (0.3, 14.0) 14.0 (6.9, 21.1) 12.2 (4.6, 19.9)
Bordeaux 4.2 (21.9, 10.2) 12.1 (6.1, 18.1) 13.6 (7.6, 19.7) 4.5 (21.9, 10.9) 14.9 (8.5, 21.3) 12.7 (6.3, 19.2)
Prague 7.9 (1.8, 14.0) 7.0 (0.5, 13.4) 4.9 (21.4, 11.3) 9.1 (3.1, 15.2) 14.2b (7.9, 20.6) 14.2b (8.0, 20.5)
Ostrava 4.8 (21.2, 10.7) 2.2 (24.3, 8.8) 3.6 (22.3, 9.5) 8.8 (2.8, 14.8) 16.5b (10.5, 22.6) 14.5b (8.4, 20.6)

Treatment and Prevention of Infection
Gloucestershire 25.2 (213.1, 2.8) 14.3 (8.0, 20.6) 3.0 (26.0, 12.0) 0 24.4b (22.2, 26.7) 24.7b (22.4, 27.1)
Londona 2 2 2 4.5 (214.7, 23.7) 16.2 (23.1, 35.4) 22.0 (2.3, 41.6)
Nice 17.3 (4.0, 30.5) 28.1 (14.9, 41.4) 22.4 (9.0, 35.8) 21.1 (10.0, 32.2) 33.1 (21.9, 44.2) 34.5 (23.2, 45.8)
Bordeaux 20.2 (9.9, 30.6) 34.3 (24.0, 44.6) 31.7 (21.3, 42.0) 17.3 (6.6, 28.0) 26.1 (15.4, 36.8) 32.4 (21.7, 43.1)
Prague 31.0 (20.5, 41.5) 30.5 (19.8, 41.2) 28.8 (18.2, 39.5) 27.7 (17.3, 38.1) 33.2 (22.6, 43.9) 34.4 (23.8, 44.9)
Ostrava 14.6 (4.3, 24.9) 14.1 (3.3, 24.9) 20.2 (9.9, 30.5) 21.2 (10.9, 31.6) 43.4b (33.0, 53.8) 32.6b (22.1, 43.0)

Values in bold type are significantly different from the previous phase.
aNo control schools were available.
bKnowledge in the intervention group was significantly higher when compared with the control group.
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Question-specific analysis

As the main aim of the e-Bug teaching resource was to increase
student knowledge of the treatment of infection and prudent
antibiotic use, we examined knowledge improvement in ques-
tions specific to this section more closely.

Junior school question-specific analysis Within junior interven-
tion schools, student knowledge was seen to improve for the
question ‘Most coughs and colds get better without antibiotics’
in three of the six regions (Prague, Ostrava and Gloucestershire),
whereas only one of the six regions (Gloucestershire) demon-
strated knowledge improvement within the control group.

Senior school question-specific analysis Four questions were
examined in more detail for the senior schools:

(1) Antibiotics work on most coughs and colds
(2) You should only take prescribed antibiotics until you feel

better
(3) Antibiotics do not kill our good bacteria
(4) If taken often, and inappropriately, antibiotics are less likely

to work in the future.

Teaching with e-Bug demonstrated a knowledge improvement
for all questions in the Treatment and Prevention of Infection
section in Gloucestershire and Ostrava. Knowledge increase
was also observed for Question 3 in Bordeaux and Question 4
in Nice after e-Bug teaching. In the control groups, knowledge
improvement was observed in the Gloucestershire region only
and this was for Questions 1 and 2; no improvement in knowl-
edge for the four questions was observed for control students
in any other region.

Discussion
The junior e-Bug teaching pack demonstrated a significant
improvement in students’ knowledge in all sections, and this
knowledge was retained 6 weeks later. Knowledge improvement,
measured by the questionnaire, was similar in control schools in
England and France, which used usual teaching resources. In the
Czech Republic, knowledge gain was significantly greater in the
intervention than control schools for all activities. Comparison
of the intervention with the control group highlighted that in
areas where knowledge change was greater when using e-Bug,
more of this knowledge was retained than in the control group.

In senior schools, student knowledge improvement varied
between region and section, with Gloucestershire in England
and Ostrava in the Czech Republic showing consistent, significant
improvement in all sections. The Spread of Infection section
showed the least improvement in knowledge; however, this
section also had very high percentage baseline correct responses
in all countries, suggesting that limited improvements could be
achieved. Although there was little difference in knowledge
change between control and intervention schools, it is possible
that completion of the questionnaire by students at three time-
points may in itself have increased knowledge in the control
group; similar findings were observed by Hemalainen and
Keinanen-Kiukaanniemis.25 A further consideration of note is
that contamination within schools may have occurred where

some senior schools had both intervention and control classes.
As in junior schools, comparison of the intervention with the
control group highlighted that in areas where knowledge
change was higher when using e-Bug, more of this knowledge
was retained than in the control group.

During preliminary focus groups,26 teachers highlighted that
the resource must have strong links with the National Curriculum
as schools have limited or no time to plan activities outside of
this remit. As such, the pack has been designed to link to
various sections of the National Curriculum in each partner
country and pack evaluation has been shown to increase
student knowledge in these sections of the National Curriculum
in each evaluating country. The evaluated e-Bug pack should
be viewed as a draft version and changes have been
implemented in areas where an improvement in knowledge
was not observed and where qualitative feedback was less
favourable.26 Improvements have included simplifying contents
or activities where necessary, providing alternative activities for
less able students, redesigning entire activities and providing a
supporting web site for teachers. Future improvements will
include the creation of a complementary student web site pro-
viding revision sheets, factsheets, games and quizzes.

Strengths

As it was designed to be a pan-European educational resource,
e-Bug has been evaluated in countries with a range of antibiotic
use in East, South and West Europe.27 Students were asked to
write their names on the questionnaires, allowing paired rather
than clustered analysis to be conducted. Knowledge was
assessed in both control and intervention schools teaching a par-
ticular section of the National Curriculum, thereby allowing com-
parisons of e-Bug with other teaching materials in the field. In
order to obtain a realistic view of how e-Bug would function in
the classroom environment, teachers were given scope to
teach the e-Bug resource however they saw suitable in their
teaching environment. The main strength of the evaluation,
however, is that it reflects three different countries’ teaching
conditions, which is important in ensuring that e-Bug is a
pan-European resource.

The overall strengths of the e-Bug resource are the collabor-
ations formed during its development, the input received from
each child and school involved in the design and testing of the
resource, and input from experts in health and education
sectors from 18 European countries. Various pack sections
encouraged teacher-led classroom/group discussion addressing
misconceived ideas about antibiotic use, thereby providing stu-
dents with a forum to voice their opinions and rectify their mis-
conceptions. It has been reported that this form of active
learning helps students retain material, motivates for further
study and develops thinking skills.28

Limitations

Although initial response rates were high, there was a large
decrease in the percentage of usable data collected, particularly
for England (60.5% junior and 47.7% senior) and France (35.8%
junior and 66% senior). Unfortunately, many of these schools did
not notify us that they were withdrawing from the evaluation
and therefore no other schools were recruited in time to
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replace them. We could have recruited more schools in the next
academic year, but this was not possible due to time and budget
constraints. In some cases teachers transferred to a different
school at the end of the academic year and failed to hand in
the questionnaires or teachers had difficulty finding the time to
ensure students completed the questionnaires. Resource evalu-
ation studies carried out in schools by McNulty et al.23 and
Hewitt et al.29 observed similar low response rates. McNulty
et al.23 attributed this to teachers finding it difficult to add
resources to their teaching plan if the resources are not linked
to the National Curriculum; however, e-Bug has strong National
Curriculum links. If possible, future studies should aim to
recruit one class per school in order to minimize the number of
students who drop out of the study, attempt to collect all ques-
tionnaires before the last few weeks of term and introduce tea-
chers to the resource at least one term prior to evaluation to
allow teachers time to familiarize themselves with the resource
and implement it into their lesson plans. Because schools in
some regions self-selected, teachers in both the control and
intervention groups may have been more enthusiastic than tea-
chers in schools that did not participate or were self-selected to
be in the control group.

Our study shows that the students exposed to the pack had
improved knowledge as assessed by the true/false questions. It
does not address levels of understanding, or the ability of the
participants to make more informed assessments about anti-
biotics and hygiene. However, there is evidence in the literature
that knowledge is associated with behavioural change.30 – 32

This would be a valuable follow-up study.
Our study may underestimate the effect of the e-Bug

resources. In English and French junior schools we did not
detect a significant difference in knowledge between interven-
tion and controls immediately after teaching, as was seen in
the Czech schools; this may have been because we did not
reach the required control sample size. Future studies should
allow for an even greater class dropout and non-completion of
questionnaires. Our highest percentage dropout was 66% in
French senior schools.

A high number of students in France, particularly within junior
schools, failed to enter their name on the questionnaires, either
because the schools preferred student anonymity or because of
a misunderstanding of the evaluation procedure. As paired
analysis could not be performed, these 428 students were elimi-
nated from the main analysis. Inclusion of these would have
improved knowledge outcomes but would not have made a
difference to the relevance of the results.

This study focused mainly on student knowledge change with
no attitude or behaviour assessment. If practical, future studies
should assess these other outcomes.

Other work in this area

Numerous studies have been carried out assessing students’
knowledge of medicine and antibiotic use within these age
groups, and have found a similarity not only in students’ knowl-
edge of this topic but also in student desire for more infor-
mation.30,33 – 35 A recent study by Cebotarenco and Bush30

found that reported antibiotic-related beliefs and behaviours
were related, in that knowledge about what causes a cold or
flu relates to whether or not an antibiotic is taken. Education

may empower children to make the right choices regarding anti-
biotic use, but previous studies have shown that health edu-
cation is confusing for teachers and that the teachers may
also need supplementary education.31,32 e-Bug aims to close
this gap in knowledge by providing background information for
teachers on each of the sections as well as detailed lesson
plans that can be adapted to suit class needs.

e-Bug provides students with knowledge on hand and respir-
atory hygiene; however, the provision of adequate hand washing
facilities, running water and soap to all children is essential in
preventing the spread of infection. A study by Curtis and Cairn-
cross36 found that washing hands with soap can reduce the
risk of diarrhoea by 42%–47%, whilst Luby et al.37 demonstrated
that, in households receiving plain soap and hand washing pro-
motion, children aged ,5 years had a 50% lower incidence of
pneumonia than controls and children aged ,15 years had a
53% lower incidence of diarrhoea and a 34% lower incidence
of impetigo.

The study by Curtis and Cairncross36 also indicated that hand
washing is important in the prevention of acute respiratory infec-
tions. The use of tissues to prevent the spread of respiratory ill-
nesses is essential and the CDC recommended ‘Cover your
nose and mouth with a tissue when you cough or sneeze’ and
‘Throw the tissue in the trash after you use it’ to prevent con-
tracting the recent H1N1 influenza.38 A recent survey carried
out by the East of England Strategic Health Authority (SHA)
found that only 21% of people in the East of England always
carry a tissue, and only 52% throw away tissues after using
them once.39 The survey also showed that 10% of people ques-
tioned never wash their hands after covering their mouth or nose
to sneeze.39

Implications

As the children of today are the antibiotic consumers and prescri-
bers of tomorrow, education about microbes and the trans-
mission, treatment and prevention of infection will hopefully
make them more aware about their own health and be more
prudent users of antibiotics in the future. The main benefit of
having this pan-European educational resource is that we can
provide a united European education message on prudent anti-
biotic use and hygiene, which reinforces, sustains and is consist-
ent with other health and educational campaigns in each
country. It is recommended that for health education interven-
tions to succeed they must be supported by strategies in the
school and community environments.40 Goossens et al.27

suggested that national public campaigns should be sustained
in countries with high antibiotic use and high seasonal variation.
The use of e-Bug in schools complements these campaigns by
introducing key messages about prudent antibiotic use to the
younger generation.

The future of e-Bug

There have been many changes made to the junior and senior
school packs based on the evaluation feedback. The e-Bug
resource was launched in September 2009 for associate
partner countries, with collaborating partner country implemen-
tation due in January 2011. By September 2011, it is planned
that e-Bug will be translated and implemented in the remaining
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15 European Union/European Economic Area (EU/EEA) and
associate EU countries.

Antibiotic prescribing and consumption rates differ through-
out Europe,41 as do the means of obtaining antibiotics. e-Bug
provides a consistent health education message across Europe,
which, when combined with education campaigns such as
European Antibiotic Awareness Day (EAAD), may encourage cul-
tural changes.

The resource was successfully used by many countries as part
of their EAAD campaign in 2008 and has been viewed favourably
by the European Centre for Disease Prevention and Control
(ECDC). A further four countries, outside the initial e-Bug partner-
ship, asked to use the resource in their 2009 EAAD campaign.
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