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Abstract

Objective: To evaluate therapeutic education delivered in a pediatric emergency department to improve parents’
satisfaction and attitudes about judicious antibiotic use.
Methods: In an emergency department of a tertiary pediatric hospital, children aged 1 month to 6 years and
discharged with an oral antibiotic prescription for an acute respiratory or urinary tract infection were randomized to a
patient therapeutic education on antibiotic use (intervention group) or fever control (control group) delivered to the
parents (in the presence of the children) by a pharmacist trained in therapeutic education. Education consisted in a
30-minute face-to-face session with four components: educational diagnosis, educational contract, education, and
evaluation. The main outcome measure was parent satisfaction about information on antibiotics received at the
hospital, as assessed by a telephone interview on day 14. The secondary outcome was attitudes about antibiotic use
evaluated on day 14 and at month 6.
Results: Of the 300 randomized children, 150 per arm, 259 were evaluated on day 14. Parent satisfaction with
information on antibiotics was higher in the intervention group (125/129, 96.9%, versus 108/130, 83.0%; P=0.002,
exact Fisher test).
Intervention: Group parents had higher proportions of correct answers on day 14 to questions on attitudes about
judicious antibiotic use than did control-group parents (P=0.017, Mann-Whitney U test).
Conclusion: Therapeutic education delivered by a clinical pharmacist in the pediatric emergency department holds
promise for improving the use of antibiotics prescribed to pediatric outpatients.
Trial Registration: ClinicalTrials.gov NCT00948779 http://clinicaltrials.gov/show/NCT00948779
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Introduction

Infections caused by antibiotic-resistant microorganisms are
associated with high morbidity, mortality, and healthcare costs
[1]. Antibiotic overuse promotes the emergence of drug-
resistant bacterial strains [2-4]. Equally deleterious is antibiotic

misuse, which may consist in failure to complete the prescribed
course; skipped doses; or use of antibiotics left over from a
previous illness, resulting in the intake of an inadequate dose
without prior evaluation by a physician [5,6]. Such behaviors
have been reported to increase antibiotic resistance rates,
treatment failure rates, and costs [6].
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Acute respiratory tract infections (ARTIs) are common
reasons for antibiotic prescription [7]. The number of
unnecessary antibiotic prescriptions for ARTIs was estimated
at 22.6 million in 1998 in the US, corresponding to a cost of
about $726 million [8]. In 2010 in France, 10.4 million antibiotic
prescriptions were given to children, mainly for ARTIs [9]. In
children, several studies in Europe and the US established that
ARTIs were the main reason for antibiotic prescription in both
private offices and pediatric emergency departments (PEDs)
[7,10-13]. In 2006 in the US, these infections were the reason
for 78% of antibiotic prescriptions in children younger than 5
years [7].

Decreasing antibiotic overuse and misuse is a crucial
objective in the fight against antibiotic resistance [4,14].
International guidelines recommend multiple interventions
including education for healthcare professionals and the public
about the rational use of antibiotics [15,16]. National
campaigns to educate the public may improve antibiotic use
[17], but individually customized interventions delivered to
patients and to the parents of pediatric patients may be
required also [16]. The expectations and behaviors of parents
can heavily influence physicians’ attitudes concerning antibiotic
prescription [10,18], leading to antibiotic overuse in private
practice and PEDs, whereas poor physician-patient rapport in
primary care is associated with failure to fill prescriptions [19].
Good understanding of the treatment by the parents may
significantly improve treatment adherence [18-22]. Greater
parent satisfaction with pediatric care correlated with improved
quality of care in the child via better comprehension of medical
information and increased treatment adherence [21,23-25].
Thus, in addition to being a major healthcare objective,
satisfaction is associated with significant improvements in
several important outcomes [23-26].

Visits to the PED provide an opportunity for health-promotion
and family-education interventions [20,27]. To our knowledge,
no studies on active therapeutic education about appropriate
antibiotic use delivered to parents in PEDs have been
published to date. Therapeutic education is used chiefly for
patients with chronic diseases [28], but interactive educational
interventions delivered to patients by healthcare professionals
may improve the knowledge and skills needed to optimize
antibiotic use [16].

We evaluated a therapeutic education intervention designed
to improve skills useful for a better adherence to prescribed
antibiotics and delivered by clinical pharmacists to parents and
children seen in a PED in Paris, France. We then conducted a
randomized controlled trial to assess the effect of this
intervention on parent satisfaction and attitudes about antibiotic
use in children prescribed antibiotics for an ARTI or urinary
tract infection.

Methods

Study design and setting
The protocol for this trial and supporting CONSORT checklist

are available as supporting information; see Checklist S1 and
Protocol S1. This randomized controlled trial with two parallel
groups was conducted in the PED of the Robert Debré Hospital

(Assistance Publique-Hôpitaux de Paris), Paris, France, a
mother-child teaching hospital serving a culturally and
linguistically diverse population.

Ethics
This study was approved by the appropriate biomedical

research ethics committee in February 2009 (Bichat-Claude
Bernard Hospital, Paris, France; #IRB0006477; n° 08-071). No
incentives to participation were offered. Oral informed consent
was obtained from at least one of the parents or legal guardian;
hereafter, the term “parents” is used for both. The study was
registered on Clinicaltrial.gov (NCT00948779) on July 28,
2009. The education sessions were delivered to the parents
accompanying the children.

Selection of participants
Patients meeting study criteria were enrolled from Monday to

Friday between 9 a.m. and 6 p.m., from February 2, 2009 to
September 26, 2011.

Children between 1 month and 6 years of age were eligible if
they were discharged from the PED with a prescription for 5 to
10 days of an oral liquid antibiotic to treat an ARTI (mainly
tonsillitis, acute otitis media, lower respiratory tract infection, or
adenitis) or an urinary tract infection (pyelonephritis or cystitis).
The criteria regarding diagnoses and treatment duration were
chosen to produce a homogeneous population. No specific
instructions were given to the physicians, who delivered the
usual information about fever control and antibiotic treatment to
the parents. Exclusion criteria were chronic conditions affecting
drug dosing, suspected or known allergy to the prescribed
antibiotics, and no telephone number for contacting the
parents. No patient could be included more than once. Parents
having poor knowledge of French were excluded because we
did not have the resources needed to deliver education
sessions in other languages. The parents of eligible patients
were informed about the study orally and via a printed
information sheet. To ensure blinding of the parents, the
existence of two groups was not disclosed. Once informed
consent was obtained, patients were enrolled by the PED
physicians and referred to a clinical pharmacist on site. The
children were allocated at random in a 1:1 ratio to therapeutic
education on antibiotic use (the intervention group) or on fever
control (the control group). A block randomization scheme with
variable block length was previously generated using a
computer. To ensure concealment, the clinical pharmacist used
an Intranet connection to obtain the group assignment of each
included patient.

Interventions
The intervention and control sessions were designed by a

clinical pharmacist trained in therapeutic education, in
compliance with 1998 World Health Organization (WHO) and
2007 French National Authority for Health (HAS)
recommendations [28,29]. Five clinical pharmacists trained in
therapeutic education delivered the sessions. The 30-minute
face-to-face sessions with the parents of each patient were
held in a private room. When both the mother and the father
accompanied the child, both attended the educational session.
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The contents of the intervention and control sessions were
similar in terms of the teaching tools and methods but differed
regarding the topic discussed, which was antibiotic use or fever
control. The teaching goals for the families in the intervention
group were as follows: good understanding of antibiotic therapy
effects on the diagnosed disease, good understanding of
treatment modalities, correct preparation and administration of
the antibiotic (preventing spitting, masking the flavor…),
awareness of potential undesirable effects and ability to
manage these effects, ability to explain the importance of the
antibiotic treatment to all the child’s caregivers, familiarity with
the concept of generic antibiotics, and ability to specify to the
pharmacist filling the prescription which flavor is desirable. The
control session had the following teaching goals: good
understanding of the pharmacological and physical means
available for controlling fever, ability to use these means
appropriately, ability to administer antipyretic medications to
the child, and ability to explain the importance and modalities of
pharmacological and physical fever-control measures to all the
child’s caregivers.

The pharmacists delivering the education used an interview
grid to ensure standardization of the sessions. As the intention-
to-treat approach was used, they could answer all the parents’
questions, even those on fever control in the intervention group
and those on antibiotics in the control group. Sessions were
organized according to the four stages recommended by the
WHO: educational diagnosis, educational contract, education,
and evaluation [28]. The educator acted as a resource and
guide for the discussion: interactivity was encouraged. Drawing
tools such as Barrows cards were created to support the
sessions [30], and illustrated information sheets were given to
the parents at the end of the session. Each session covered
five topics: (1) identification of knowledge, beliefs, and
behaviors concerning prescribed treatments and
comprehension of their effects; (2) mutual determination of
objectives to be achieved by the session; (3) education about
oral liquid preparation, administration, storage, and possible
side effects; (4) maximizing adherence in everyday situations
(Barrows cards exercise) and identifying the best dosing time
during the day to minimize the risk of skipped doses; and (5)
brief assessment of comprehension by the parents via an open
question on what should be done to ensure effectiveness of the
prescribed treatment. Table 1 shows the main parts of the two
sessions, both of which combined the three components
(educational, behavioral, and organizational) in the
classification developed by Wu et al. in 2008 [31].

Measurement methods
The impact of the education sessions was assessed by

administering a questionnaire over the telephone 14 days and
6 months after the PED visit. Pharmacists blinded to group
allocation and trained to administer the questionnaire
conducted the assessments. For the first assessment, at least
three attempts to contact each family were made between day
14 and day 17 inclusive. The questionnaire consisted of 11
standardized structured questions on satisfaction and attitudes
(Table 2). The items on attitudes consisted chiefly in questions
about judicious antibiotic use that were derived from the

questionnaire developed by Pechere et al. [32] and evaluated a
combination of knowledge and practice. Replies were given
using a 1-to-5 Likert scale. The response options for the
satisfaction scale were 1, very dissatisfied; 2, mostly
dissatisfied; 3, neither satisfied nor dissatisfied; 4, mostly
satisfied; and 5, very satisfied. For the agreement scale,
response options were 1, strongly disagree; 2, mostly disagree;
3, neither agree nor disagree; 4, mostly agree; and 5, strongly
agree. Finally, options for the difficulty scale were 1, very
difficult; 2, rather difficult; 3, rather easy; and 4, very easy. The
second assessment was performed 5 to 7 months after the
PED visit and served only to evaluate attitudes concerning
antibiotic use [32]. Questionnaire reliability was checked in 10
individuals before study initiation.

Data collection and processing
For each patient, we recorded demographic data, the current

diagnosis, name(s) of prescribed antibiotics, dose (mg/kg/day)
and duration prescribed, and best telephone number for
subsequently contacting the parents. If possible, two phone
numbers were collected. Use of the best telephone number has

Table 1. Conduct of the educational sessions.

Intervention session Control session Teaching tools
(1) Presentation of the session  

(2) Identification of knowledge, beliefs, and
behaviors concerning prescribed treatments and
prescription understanding in regard to the disease

Interactive discussion with
well-defined opening
questions about antibiotics
or fever and their
management

(3) Mutual determination of objectives to be
achieved by the session

Interactive discussion

(4) Education about oral liquid preparation,
administration, storage or side effects likely to arise;
solutions to avoid spits, mask flavors…

Practice demonstration with
different forms of oral
solutions of the prescribed
antibiotics/antipyretics ;
Discussion around
drawings and illustrated
information sheets about
the prescribed antibiotics/
antipyretics

(5) Maximizing
adherence in everyday
situations: role-playing;
identifying the best
dosing time during the
day to minimize the risk
of skipped doses

(5) Improve fever control
in everyday situations:
role-playing; knowledge
of fever-control
measures; antipyretic
regimen; physical
treatments; when to see
a doctor…

Barrows cards exercise
about adherence to
antibiotic therapy or fever
control; Discussion around
drawings and illustrated
information sheets about
the antibiotics/fever control

(6) Brief assessment of comprehension by the
parents

Open question on what
should be done to ensure
the effectiveness of the
prescribed antibiotics/fever
control measures

doi: 10.1371/journal.pone.0075590.t001
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been shown to improve contact rates compared to use of the
number in the medical record [33,34].

Outcome measures
The primary outcome measure was the percentage of

parents satisfied with information on antibiotic therapy received
in the PED, during the physician visit and the educational
session [19,23-25]. The secondary endpoints were parent
satisfaction about information received in the PED about fever
control, parent attitudes about judicious antibiotic use (6 of the
11 questionnaire items on day 14) [32], and outcome of the
acute infection.

Primary data analysis
At least 136 patients were required in each group to detect a

15% difference in the proportions of satisfied parents between
the two groups (80% versus 65%) with 80% power and a two-
tailed α value of 0.05. The value in the control group was
estimated from the literature and the value in the intervention
group was the smallest improvement deemed relevant [18]. We
did not compute the sample size needed to detect a significant
difference regarding attitudes. We expected to be able to

Table 2. Telephone questionnaire used for the first
assessment on day 14.

1.
Has the infection resolved? ❒ yes ❒ no; If not, was another antibiotic
prescribed to your child? ❒ yes ❒ no; What is the name of the
antibiotic prescribed? |__|

2.
How satisfied are you about the information on antibiotics received at
the hospital: |__| (Satisfaction scale)

3.
How satisfied are you about the information on fever control received at
the hospital?: |__| (Satisfaction scale)

4.
How difficult was it to have your child take the antibiotic solution on
schedule? |__| (Difficulty scale)

5.
To what extent do you agree with the following statement: If my child is
healed /cured/ feeling better, I sometimes save the rest of the antibiotics
for the next time he get sick |__| (Agreement scale)

6.
To what extent do you agree with the following statement: Antibiotics
are only effective if my child finishes all of them, even if my child’s
symptoms are already gone: |__| (Agreement scale)

7.
To what extent do you agree with the following statement: I always
follow the doctor’s instructions exactly when my child is taking an
antibiotic: |__| (Agreement scale)

8.
To what extent do you agree with the following statement: Left over
antibiotics can be saved and used again: |__| (Agreement scale)

9.
To what extent do you agree with the following statement: If my child
doesn’t finish all of the antibiotics, some of the germs may survive: |__|
(Agreement scale)

10.
To what extent do you agree with the following statement: Taking a few
antibiotic doses is better than taking none at all: |__| (Agreement scale)

11.
Have you any comments? For example, did you have any trouble
administering the antibiotic? Did your child dislike the taste of the
antibiotic? Something else to say? …

doi: 10.1371/journal.pone.0075590.t002

contact 90% of the families and we consequently planned to
include 150 patients in each arm.

Statistical analyses were performed using SAS® (v9.12, SAS
Institute Inc., Cary, NC, USA). Qualitative variables were
described as frequencies (percentages) and quantitative
variables as means (SD) when distribution was normal and as
medians (quartiles 1 and 3) otherwise. The Likert-scale replies
on satisfaction were dichotomized as dissatisfied or satisfied
with the neutral response classified as dissatisfied [19];
similarly, replies on attitudes were dichotomized as correct and
incorrect [32]. For questions 5, 8, and 10 in Table 2, “not at all
agree” or “mostly disagree” replies were classified as correct
and other replies as incorrect, whereas for questions 6, 7, and
9 in Table 2, the correct replies were “mostly agree” or
“strongly agree”. The two groups were compared using the
intent-to-treat approach and either parametric or nonparametric
tests depending on the nature and distribution of the variables.
Qualitative measures were compared using the chi-square test
or exact Fisher test depending on variable distribution. For
between-group comparisons of the number of correct answers
to attitude questions on day 14 and at month 6, we used the
Mann Whitney U test. A Poisson Generalized Estimating
Equations model was used to estimate changes in the number
of correct answers between the first and second assessments
in both groups, to take the non-independence of the data into
account. To look for potential bias, we performed an additional
analysis comparing day-14 data in the two groups depending
on whether a single parent or both parents attended the
educational session. Two-tailed P values of 0.05 or less were
considered significant. No interim analyses were planned or
performed.

Results

Characteristics of the study population
Figure 1 is the participant flow chart. Table 3 reports the

main baseline characteristics. We included 300 patients from
February 2009 to September 2011, and all assessments were
completed by April 2012. Of the 300 families, 2 (0.7%) left the
PED before the education session and 298 (99.3%)
participated in the full session (Figure 1). During the education
session, 5 families in the intervention group asked questions
about fever control and 6 families in the control group asked
questions about antibiotics.

Acute otitis media was the leading reason for antibiotic
prescription and amoxicillin+clavulanate was the most often
prescribed antibiotic (Table 3). In 7 cases (2.3%), two different
antibiotics were prescribed. Median prescribed treatment
duration was 10 days and median prescribed number of doses
was 3 per day.

First assessment (day 14)
The proportion of parents satisfied with the information on

antibiotics received in the PED (primary outcome measure)
was significantly higher in the intervention group than in the
control group (96.9% versus 83%, P=0.002) (Table 4).

Among secondary outcome measures, the proportion of
parents satisfied with information on fever control was
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significantly higher in the control group, where the session
dealt with this topic, than in the intervention group.

Parents in the intervention group gave significantly higher
numbers of correct answers on day 14 to the questions on
attitudes about judicious antibiotic use than did parents in the
control group (P=0.017, Mann-Whitney U test). The proportions
of parents who gave correct answers to 5 and 6 of these
questions were 44% (57/129) and 36% (46/129), respectively,
in the intervention group and 37% (48/130) and 28% (36/130),
respectively, in the control group (Figure 2). This difference in
attitudes between the two groups was chiefly ascribable to two
questions: “Leftover antibiotics can be saved for later use”
(P=0.04) and “If my child does not take all the antibiotic
prescribed, some of the germs may survive” (P=0.02) (Table
5). No difference was found in the proportion of correct
answers to the question “Taking a few antibiotic doses is better
than taking none at all”, which had the lowest proportion of
correct answers (about 50%) in both groups.

Because the number of missing data was greater than 10%,
we performed an additional analysis to ensure compliance with
the intent-to-treat approach [35]. Missing data were replaced by
unfavorable results (dissatisfaction for the primary outcome).
The proportion of parents satisfied with the information on
antibiotics remained significantly higher in the intervention

group (124/150 [82.7%] versus 108/150 [72%]; P=0.018.
Baseline characteristics did not differ between intervention and
control group (Table 3) and neither between the group lost to
follow-up (N=38) and the group with complete data on day 14
(N=259) (Table 6).

The number of phone calls made for the first assessment
ranged from 1 to 9. The median time needed to administer the
questionnaire over the telephone was 10 minutes. The mothers
completed the first assessment in 103 (79.8%) cases in the
intervention group versus 101 (77.7%) cases in the control
group (P=0.67, Pearson’s chi-square test). The parent who
completed the first assessment had attended the education
session in 232 (89.6%) cases. We found no difference between
the subgroups with one versus both parents having attended
the educational session in terms of satisfaction with information
about antibiotic use (90.1% [181] versus 89.7% [52], P=0.93,
exact Fisher test) or about fever control (94.0% [189] versus
89.7% [52], P=0.25). Neither did we find any significant
difference in the number of correct answers to the questions on
attitudes about judicious antibiotic use (P=0.07, Mann-Whitney
U test). For one family, the first assessment was conducted
during a face-to-face interview because the child was admitted
to the PED 14 days after the first visit.

Figure 1.  Participant flow chart.  
doi: 10.1371/journal.pone.0075590.g001
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Table 3. Baseline characteristics of patients overall and in
each randomly assigned group.

 Total N=300
Intervention
group N=150

Control
group
N=150

Missing
data P

Female sex    N=0  
N (%) 150 (50.0%) 76 (50.7%) 74 (49.3%)  0.8a

Age in months    N=0  
Median (Q1; Q3) 19 (11;36) 18 (10;33) 20 (11;37)  0.3b

Weight in kg    N=1  

Median (Q1; Q3)
11.6
(9.2;15.0)

11.3 (8.8;14.5)
12.0
(9.4;15.0)

  

Country of birth    N=2 0.4cd

France
289/298
(97.0%)

145/150
(96.7%)

144/148
(97.3%)

  

Algeria 3/298 (1.0%) 2/150 (1.3%)
1/148
(0.7%)

  

Tunisia 2/298 (0.7%) 0/150 (0.0%)
2/148
(1.4%)

  

Belgium 1/298 (0.3%) 1/150 (0.7%)
0/148
(0.0%)

  

Italy 1/298 (0.3%) 1/150 (0.7%)
0/148
(0.0%)

  

Nigeria 1/298 (0.3%) 1/150 (0.7%)
0/148
(0.0%)

  

Senegal 1/298 (0.3%) 0/150 (0.0%)
1/148
(0.7%)

  

Parents born in
France

     

Father
121/294
(41.2%)

64/150
(42.7%)

57/144
(39.6%)

N=6 0.6a

Mother
129/296
(43.6%)

66/150
(44.0%)

63/146
(43.2%)

N=4 0.9a

Accompanying
adult(s)

   N=1 0.3c

Mother
206/299
(68.9%)

97/150
(64.7%)

109/149
(73.2%)

  

Father and
mother

63/299
(21.1%)

36/150
(24.0%)

27/149
(18.1%)

  

Father
29/299
(9.7%)

17/150
(11.3%)

12/149
(8.1%)

  

Legal guardian 1/299 (0.3%) 0/150 (0.0%)
1/149
(0.7%)

  

 
Total
N=300

Intervention
group N=150

Control
group
N=150

Missing
data

P

Diagnosis    N=1 0.6c

Acute otitis media
107/300
(35.8%)

49/150
(32.7%)

58/149
(38.9%)

  

Urinary tract
infection

82/300
(27.4%)

41/150
(27.3%)

41/149
(27.5%)

  

Lower respiratory
tract infection

75/300
(25.1%)

41/150
(27.3%)

34/149
(22.8%)

  

Tonsillitis
27/300
(9.0%)

14/150 (9.3%)
13/149
(8.7%)

  

Second assessment (month 6)
After 6 months, the proportions of parents who gave correct

answers to questions on attitudes about judicious antibiotic use
were not significantly different in the two groups (P=0.73,
Mann-Whitney U test). The proportions of parents who gave

Table 3 (continued).

 Total N=300
Intervention
group N=150

Control
group N=150

Missing
data P

Adenitis
5/300
(1.7%)

3/150 (2.0%)
2/149
(1.3%)

  

Other
3/300
(1.0%)

2/150 (1.3%)
1/149
(0.7%)

  

Antibiotic
prescribed

   N=2 0.6c

Amoxicillin +
clavulanate

120/298
(40.3%)

61 (40.7%) 59 (39.9%)   

Amoxicillin
77/298
(25.8%)

42 (28.0%) 35 (23.7%)   

Azithromycin
1/298
(0.3%)

0 (0%) 1 (0.7%)   

Cefixime
80/298
(26.8%)

39 (26.0%) 41 (27.7%)   

Cefpodoxime
proxetil

17/298
(5.7%)

7 (4.7%) 10 (6.7%)   

Cotrimoxazole
1/298
(0.3%)

1 (0.7%) 0 (0%)   

Josamycin
2/298
(0.7%)

0 (0%) 2 (1.4%)   

a chi-square test, b Mann Whitney U test, c exact Fisher test d comparison of
children born in France versus other countries.
doi: 10.1371/journal.pone.0075590.t003

Table 4. Results of the first assessment on day 14.

Questions
Correct
answers

Intervention
group %
(n=129)a

Control
group %
(n=130)a P value

How satisfied are you about
the information on antibiotics
received at the hospital?

Satisfied 96.9% (125)
83.0%
(108)

0.002b

How satisfied are you about
the information on fever
control received at the
hospital?

Satisfied 89.1% (115)
96.9%
(126)

0.01b

How difficult was it to have
your child take the antibiotic
solution on schedule?

Easy 72.1% (93) 74.6% (97) 0.65c

Has the infection resolved? Cured 86.8% (112)
93.1%
(121)

0.09c

What is the name of the
antibiotic prescribed ?

Known 76.7% (99) 70.3% (86) 0.06c

a percentages of correct answers; b exact Fisher test c chi-square test
doi: 10.1371/journal.pone.0075590.t004
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correct answers to 5 and 6 questions on attitudes were 42%
(51/122) and 39% (48/122), respectively, in the intervention
group, and 47% (56/118) and 36% (42/118), respectively, in
the control group (Figure 3). According to the Poisson
Generalized Estimating Equations model, the correlation
between day 14 and month 6 data was 0.29 and the number of
correct answers in the intervention group was not significantly
different between the first and second assessments,
suggesting good persistence of the effects of the educational
session. In the control group, the number of correct answers
improved significantly between the first and second
assessments (P<10-3).

We found no significant between-group differences in replies
to individual questions, even those explaining most of the
between-group difference at the first assessment (“Leftover
antibiotics can be saved for later use” and “If my child does not
take all the antibiotic prescribed, some of the germs may
survive”) (Table 7). The proportions of correct answers to the
question “Taking a few antibiotic doses is better than taking
none at all” were still very low, about 50%, in both groups.

The number of phone calls per family for the second
assessment ranged from 1 to 8. The mother completed the
second assessment in 188 (78%) cases. The person
interviewed for the second assessment was the same as for
the first assessment in 89.1% of cases and had attended the
education session in 89.4% of cases.

Discussion

Our results demonstrate that a therapeutic education session
on antibiotic use delivered in the PED improves parent
satisfaction with information about antibiotic use and parent
attitudes concerning judicious antibiotic use, compared to a
control session on fever control. The effect of the session on
antibiotic use might increase the likelihood of children receiving
antibiotic therapy at home as prescribed by the physician.

The improved satisfaction about information on antibiotics
received in the PED is encouraging, since dissatisfaction with
explanations of medical problems or with treatment instructions
given by the healthcare staff has a major influence on
prescription filling by parents of children seen in PEDs

Figure 2.  Percentage of correct answers about judicious antibiotic use at the first assessment on day 14.  The numbers on
top of the bars are the absolute numbers of parents who gave correct answers on day 14.
doi: 10.1371/journal.pone.0075590.g002
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[20,23,36]. In addition, parent satisfaction with care is
considered a good surrogate for several important aspects of
quality of care, such as appropriateness of the therapeutic
regimen [21,24,37]. Both groups in our study received 30-
minute face-to-face sessions, and satisfaction with information
about fever control was better in the control group than in the
intervention group, indicating that the operative factor was the
content of the session and not the increased attention given to
the family.

Failure to fill prescriptions given in the PED remains a major
challenge [38]. According to the International Forum on
Antibiotic Resistance colloquium held in 2002, educational
interventions about antibiotics are more likely to be effective if
they aim to change behaviors rather than only to provide
information [16]. A household survey done in Great Britain in
2003 showed that better knowledge of antibiotics was
independently associated with finishing a course of antibiotic as
prescribed [39]. Our therapeutic education session on
antibiotics was followed by improved attitudes about antibiotic
use on day 14, compared to the control session, and the
question “If my child does not take all the antibiotic prescribed,
some of the germs may survive” was one of the two questions
that showed the greatest improvements; the other was:
“Leftover antibiotics can be saved for later use”. In a global
survey of treatment non-adherence, awareness of the need to
complete antibiotic courses and to discard any leftover
antibiotics was associated with better adherence [32], a key
factor for minimizing the emergence of bacterial resistance.

Table 5. Results of the questions on attitudes at the first
assessment on day 14.

Questions
Correct
answers

Intervention
group %
(n=129)a

Control
group %
(n=130)a

P
value

“If my child is feeling better, I
sometimes save the rest of the
antibiotic for the next time he
get sick.”

Disagree 91.5% (118)
90.0%
(117)

0.68c

“Antibiotics are only effective if
my child finishes all of them,
even if my child’s symptoms
are already gone.”

Agree 91.5% (118)
87.7%
(114)

0.32c

“I always follow the doctor’s
instructions exactly when my
child is taking an antibiotic.”

Agree 98.4% (127)
97.7%
(127)

0.66b

“Left over antibiotics can be
saved and used again.”

Disagree 77.5% (100)
66.2%
(86)

0.04c

“If my child doesn’t finish all of
the antibiotic, some of the
germs may survive.”

Agree 92.2% (119)
83.0%
(108)

0.02c

“Taking a few antibiotic doses
is better than taking none at
all.”

Disagree 51.9% (67)
48.5%
(63)

0.58c

a percentages of correct answers, b exact Fisher test, c chi-square test
doi: 10.1371/journal.pone.0075590.t005

Antibiotic treatments for acute infectious diseases are brief.
Decreasing their misuse requires an improvement in behavior
at the time of prescription, during the acute illness of the child,
which is likely to induce anxiety in the parents. The interview
performed 6 months later gave us an indication of parent
attitudes at a distance from the acute episode, when they may
have recovered from any initial anxiety. Therefore, the second
interview consisted only in the 6 questions on attitudes of
antibiotic use.

The improved attitudes about antibiotic use in the control
group at the second assessment after 6 months compared to
the first assessment after 14 days may suggest that the anxiety
associated with the acute illness in the child adversely affected
performance on the attitudes questionnaire. This possibility
would support the provision of education at the time of the
acute illness. A study involving a third assessment at the time
of a subsequent ARTI or urinary tract infection would further

Table 6. Baseline characteristics in the group lost to follow-
up and in the group evaluated on day 14.

 
lost to follow-
up N=38

evaluated on
D14 -N=259

Missing
data P value

Female sex   N=0  
N (%) 53% (20) 49% (128)  0.7a

Age in months   N=0  
Median (Q1; Q3) 25 (12;42) 18 (10;33)  0.2b

Parents born in
France

    

Father 39% (15) 42% (106) N=4 0.8a

Mother 42% (16) 44% (113) N=2 0.8a

Accompanying
adult(s)

  N=0 0.5c

Mother 76% (29) 68% (175)   
Father and mother 13% (5) 22% (58)   
Father 11% (4) 10% (25)   
Legal guardian 0% (0) 0.4% (1)   

Diagnosis   N=0 0.5c

Acute otitis media 42% (16) 35% (91)   
Urinary tract infection 21% (8) 29% (74)   
Lower respiratory tract
infection

21% (8) 26% (67)   

Tonsillitis 16% (6) 8% (21)   
Adenitis 0% (0) 2% (4)   
Other 0% (0) 1% (2)   

Antibiotic prescribed   N=0 0.5c

Amoxicillin +
clavulanate

45% (17) 39% (102)   

Amoxicillin 29% (11) 25% (66)   
Azithromycin 0% (0) 0.4% (1)   
Cefixime 21% (8) 28% (72)   
Cefpodoxime proxetil 3% (1) 6% (16)   
Cotrimoxazole 0% (0) 0.4% (1)   
Josamycin 3% (1) 0.4% (1)   
a chi-square test, b Mann Whitney U test, c exact Fisher test
doi: 10.1371/journal.pone.0075590.t006
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support this hypothesis if attitudes was again found to differ
between the two groups.

Another hypothesis is that during the 6-month interval the
families may have received further information on the proper
use of antibiotics. However, no educational intervention
targeting the public was conducted in France during the period
extending from inclusion of the first patient to study completion
(February 2009 to September 2011). However, we did not
investigate the effect of the first assessment, which may have
increased parent awareness about proper antibiotic use.

Interestingly, the overall proportion of correct answers to
questions on attitudes about antibiotic use was high in both
groups compared to that in the adherent group studied by
Pechere et al. [32] (e.g., 77.5% in our intervention group,
66.2% in our control group, and 52.9% in the adherent group of
the earlier study for the question “Leftover antibiotics can be
saved for later use”). One possible explanation may be the
nationwide public education campaign on antibiotic use
conducted in France shortly before our study [40].

Although the study intervention was associated with
improved attitudes about antibiotic use, there was no difference
in the outcome of the infections after 14 days. The most

common diagnosis in the study patients was acute otitis media,
as expected since this disease is the leading reason for
antibiotic prescription in PEDs [41]. However, for this disease,
as well as for other upper respiratory tract infections, the
systematic use of antibiotics is debatable, as clinical
improvements seem related to antibiotic therapy in only a
limited number of cases [42]. Therefore, we did not expect that
our intervention could affect the clinical course. However, poor
adherence to antibiotic treatment can increase the risk of
carriage of non-penicillin-susceptible Streptococcus
pneumoniae [32]. We nevertheless collected information on
outcomes, because poorer outcomes might bias parent
satisfaction with the antibiotic treatment.

At the time of the study, French guidelines recommended
amoxicillin+clavulanate for the treatment of acute otitis media
[41]. In a randomized controlled study, parents of children seen
at a PED for acute otitis media were told to wait 2 or 3 days
without giving antibiotic treatment; one group was given a
prescription of antibiotic therapy to be filled if the symptoms
persisted and the other was instructed to seek follow-up care if
needed [43]. High levels of satisfaction were noted in both
groups. However, this study did not involve education about

Figure 3.  Percentage of correct answers about judicious antibiotic use at the second assessment at month 6.  The
numbers on top of the bars are the absolute numbers of parents who gave correct answers at month 6.
doi: 10.1371/journal.pone.0075590.g003
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antibiotic use [43]. In another randomized controlled trial,
parents in a PED received education about antibiotics via either
an animated video or the American Academy of Pediatrics
pamphlet [44]. In neither group did the educational method
involve interaction with healthcare professionals. Attitudes
scores improved significantly in the education groups
compared to the control group given no education, and the
improvement lasted longer in the video group than in the
pamphlet group [44]. Eight other educational interventions
performed outside the PED have shown promising results that
did not seem to occur at the expense of parent satisfaction
[45]. One of them involved interaction between the parents and
an educator [46]. Educational interventions to improve
medication adherence for ARTIs can be categorized as
educational, behavioral, organizational, or a mix of these
components [31]. Some studies obtained improvements with
interventions consisting of a single component. However,
interventions that combine several components, as used in our
study, seem more effective [31].

Importantly, the intervention conducted by a pharmacist was
well accepted by the parents, although it extended their stay in
the PED. Previous studies have demonstrated that pharmacist
interventions in the emergency department can decrease
treatment duration, healthcare costs, and medication errors,
while at the same time improving antimicrobial stewardship
[47,48].

Limitations of our study include the single-center design. The
total numbers of patients with ARTIs and urinary tract infections
seen in the PED during the study period were not available. A

Table 7. Results of the knowledge questions at the second
assessment after 6 months.

Knowledge questions
Correct
answer

Intervention
group %
(n=122)a

Control
group %
(n=118)a

P
value

“If my child is feeling better, I
sometimes save the rest of the
antibiotic for the next time he
get sick”

Disagree 92.6% (113)
94.9%
(112)

0.46c

“Antibiotics are only effective if
my child finishes all of them,
even if my child’s symptoms
are already gone”

Agree 96.7% (118)
92.4%
(109)

0.14b

“I always follow the doctor’s
instructions exactly when my
child is taking an antibiotic?”

Agree 99.2% (121)
98.3%
(116)

0.37b

“Left over antibiotics can be
saved and used again”

Disagree 82.0% (100)
83.9%
(99)

0.69c

“If my child doesn’t finish all of
the antibiotic, some of the
germs may survive”

Agree 91.8% (112)
88.1%
(104)

0.34c

“Taking a few antibiotic doses
is better than taking none at
all”

Disagree 52.5% (64)
55.1%
(65)

0.68c

a percentages of correct answers, b exact Fisher test, c chi-square test
doi: 10.1371/journal.pone.0075590.t007

pharmacist was not available every day of the week or around
the clock. We did not assess patient adherence to the
prescribed treatment, and neither did we collect parameters
known to affect adherence such as treatment regimen and
antibiotic palatability [6]. Importantly, education was provided
by a clinical pharmacist during a 30-minute face-to-face
session. This facts limits the general applicability of the
intervention, as the financial and human resources needed are
unlikely to be available everywhere. However, the intervention
could be either split into segments and delivered by nurses
specialized in therapeutic education or conducted at the
pharmacy during antibiotic dispensation.

That we were unable to obtain day-14 data for 21 (14%)
intervention-group and 18 (12%) control-group patients may
have affected our results. However, the intent-to-treat analysis
of the primary outcome, in which missing data were replaced
by unfavorable results, still showed better results in the
intervention group. Although the trial was randomized,
important predictors of attitude about antibiotic use were not
measured such as parent educational level, previous exposure
to antibiotic use, parent age, and socioeconomic status [32].
The efficacy of the randomization process in balancing these
potential confounders is therefore uncertain, particularly among
patients lost to follow-up. We cannot rule out a social
desirability bias. However, the randomization process ensured
that any differences between the groups were not systematic
and then any difference between treatment groups was related
to the intervention.

We included only children discharged with an antibiotic
prescription. The objective of our intervention was not to
decrease antibiotic use but, instead, to prevent the misuse of
antibiotics by families, which can have a profound negative
impact not only on the community, but also on individuals [6].
Finally, we did not include parents who did not speak French.
Beliefs and attitudes toward antibiotics may vary across
cultures.

Conclusions

In summary, educational interventions delivered by clinical
pharmacists in the PED were well accepted by families. An
education session on antibiotic use was associated with high
parent satisfaction and improved attitudes about judicious
antibiotics use on day 14. However, no difference was found
between the groups after 6 months. Our data suggest that
educational interventions in PEDs may hold promise for
decreasing the misuse of antibiotics.
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