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Objectives: French healthcare students are required to carry out primary prevention interventions as part of the
Healthcare Service by Healthcare Students (HSHS). The purpose of this study was to explore students’ percep-
tions of preparedness to address the public’s concerns about antibiotic use and how their perceptions changed
after implementing their intervention.

Methods: A questionnaire was sent twice during the 2020-2021 academic year to 920 multidisciplinary health-
care students (nursing, medicine, physiotherapy, pharmacy and midwifery students) enrolled in the HSHS in
Franche-Comté (HSHS-FC).

Results: This study included 870/920 students (94.6%). Medical and pharmacy students were the most con-
cerned about the issue of antimicrobial resistance. Before enrollment in the HSHS-FC, 463 of the 870 students
included (53.2%) reported having sufficient knowledge about antibiotics to lead preventive interventions, reach-
ing 87.9% (58/66) for pharmacy students. Despite this relative lack of knowledge, 77.2% of students felt confi-
dent to promote the appropriate use of antibiotics in the healthcare service context. This rate ranged from 68.0%
(17/25) for midwifery students to 93.9% (62/66) for pharmacy students. Irrespective of the topic of the interven-
tion, students significantly improved their knowledge and ability to promote antibiotic use after training in the
HSHS-FC.

Conclusions: Theoretical prerequisites and a feeling of concern vary widely depending on the curriculum. The
HSHS-FC promotes multidisciplinary collaboration and can contribute to improving students’ knowledge. The
support of an expert in antimicrobial resistance may be necessary to validate the content of the interventions
proposed by the students.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
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Introduction

Antibiotic resistance is a worldwide concern and leads to in-
creased morbidity and mortality.” It is largely related to the in-
appropriate use of antibiotics and a lack of awareness among
the general population and healthcare professionals.” France is
one of Europe’s biggest consumers of antibiotics. In 2021 it
ranked fourth in Europe, with the highest community consump-
tion of antibiotics: 19.9 DDD per 1000 inhabitants per day
(European average: 15.0 DDD per 1000 inhabitants per day).?
Since the 2000s, France has developed several strategic plans
to reduce antibiotic consumption.” In a literature review pub-
lished in 2010 of 22 public campaigns for outpatients in high-
income countries, Huttner et al.”> showed that public campaigns
contribute to the more careful use of antibiotics among outpati-
ents, at least in countries where prescriptions are high. In 2015,
the WHO clearly emphasized the importance of adequate and ef-
fective training of healthcare students in the proper prescribing of
antibiotics and adopted a global action plan to manage anti-
microbial resistance.®

In 2018, the Healthcare Service by Healthcare Students (HSHS)
was implemented in France on various priority public health
themes. The specific year of study for each curriculum covered
by the HSHS is defined by national legislation. The HSHS is a na-
tional programme that enables healthcare students to lead pri-
mary prevention and health promotion interventions aimed at
the general public without having to be experts in the field.”™
Since the creation of the HSHS in Franche-Comté (HSHS-FC) in
2018, the University of Franche-Comté has offered topics such
as ‘infectious diseases prevention’ (IDP), including vaccination,
Lyme disease and the prevention of cross-transmission, and
since 2020 antibiotic resistance.

The aim of this study was to explore students’ perceptions of
preparedness to address general population concerns about anti-
biotic use and how their perceptions changed after implementa-
tion of a primary prevention and health promotion intervention,
in general and by curriculum.

Materials and methods

Settings and healthcare students

This study took place in Franche-Comté (1.2 million inhabitants), a region
of eastern France, from September 2020 to April 2021. Thus, 920 health-
care students were involved by the HSHS-FC. Among them, 508 (55.2%)
were second-year nursing students, 229 (24.9%) were third-year medical
students, 91 (9.9%) were fourth-year physiotherapy students, 67 (7.3%)
were fifth-year pharmacy students and 25 (2.7%) were fourth-year mid-
wifery students (Table 1). Students were grouped into teams, each as-
signed a theme and a host structure with specific target audiences
(students from primary school to university, nursing home patients,
health professionals or the general population). Each team consisted of
four to five students, with at least two students from different curricula
per team. The planning of regular education related to antibiotics in the
different curricula according to the HSHS-FC year is summarized in
Table 2.

The HSHS-FC is divided into four phases spread over 30 days of the
academic year:

* The first, in September (4 days), consisted of theoretical training about
the project approach, including public health, primary prevention and
health promotion, as well as the theme of the intervention; specific

e-learning to promote key messages and toolboxes were also available
for each theme (oral and dental hygiene and sleep; nutrition and phys-
ical activity; prevention of addictive behaviours and infectious diseases
prevention). These lessons were compulsory and complementary to
the regular courses.

During the second phase, from October to February (3 days), the stu-
dents developed their health promotion intervention in three super-
vised group work sessions. In addition, students dedicated time
(16 days) freed up in their schedules at different times of the year to al-
low them to work in teams on their project.

The third phase, in March (5 days), consisted of the implementation of
their interventions, which consisted of a series of events carried out in
the premises of the structures.

The fourth and final phase, in April (2 days), consisted of a debriefing
and an evaluation of the intervention during a final group work session.

To carry out these interventions, healthcare students received three-
pronged supervision: (i) by a multidisciplinary pair of group tutors who
supported them in the project approach during the four group work ses-
sions, (ii) by a local referent who supported the team in the implementa-
tion of the intervention in the structures, and (iii) by thematic referents
who shared their expertise with the various actors involved.

Survey questionnaire to explore the perceptions
of the students

This questionnaire was developed by the infectiologist and the epidemiolo-
gist in charge of the e-learning course, itself linked to the e-Bug programme.
The e-Bug programme is an international partnership aiming to respond to
each national action plan to contain and control antimicrobial resistance,
by promoting context-specific public education on infection prevention
and the response to antimicrobial resistance (https:/e-bug.eu/fr-fr/home).

Questionnaires were submitted twice to each student, irrespective of the
theme of their intervention, through the CleanWeb® platform (Telemedicine
Technologies, Boulogne-Billancourt, France). The first (T1) could be com-
pleted from September 2020 to November 2020, and the second (T2) after
completing the student health promotion interventions in April 2021. Both
were completed anonymously but students had to indicate their attended
course and the theme of their health promotion intervention during the
HSHS-FC (i.e. antibiotic resistance, other infectious diseases prevention or
other topics). Students were strongly encouraged to complete the surveys,
with no incentive or penalty whether they agreed to participate or not.

The students’ perceptions about their feeling of preparedness to ad-
dress patients’ concerns about antibiotic use were evaluated by 19 items
detailed in Tables 3 and 4. These items allowed evaluation of the stu-
dents’ ability to promote awareness messages or their self-evaluation
about their knowledge. The questionnaires were based on a four-point
Likert scale (‘strongly agree’, ‘agree’, ‘disagree’, ‘strongly disagree’).
Responses were split into two levels depending on the results: ‘agree’
(grouping ‘strongly agree’ and ‘agree’) and ‘disagree’ (grouping ‘disagree’
and ‘strongly disagree’). A global level of agreement was determined and
defined as ‘high’ when >70% of the population interviewed agreed with
the statement, ‘medium’ when 50% to 70% agreed with the statement,
and ‘low’ when <50% of the population concerned agreed with the
statement.

Statistical analysis

Categorical variables were described by the number and percentage of
cases. Differences in qualitative parameters for independent samples
were analysed using the chi-squared test. Qualitative parameters for de-
pendent samples, such as agreement before and after the intervention,
were compared using the Z-test. The evolution of the rate of agreement
(A) between T1 and T2 was thus calculated. All tests were two-tailed and
considered to be significant at the 5% P value threshold. The statistical
analysis was performed using SAS software, version 9.4 (SAS Institute
Inc., Cary, NC, USA).
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Table 1. Distribution of students during the HSHS-FC according to their curriculum and the theme of their health promotion action

TOTAL MED PHAR NURS PHYS MIDW

n (%) n (%) n (%) n (%) n (%) n (%)
Involved in HSHS-FC 920 (100.0) 229 (24.9) 67 (7.3) 508 (55.2) 91 (9.9) 25(2.7)
Included in the study 870 (100.0) 217 (24.9) 66 (7.6) 474 (54.5) 88 (10.1) 25 (2.9)
Infectious disease prevention theme 6 (11.0) 6 (16.6) 16 (24.2) 28 (5.9) 13 (14.8) 3(12.0)
Antibiotic use subtheme 2 (2.5) 9 (4.1) 4 (6.1) 4 (0.8) 3 (3.4) 2 (8.0)

HSHS-FC, Health Service by Healthcare Students in Franche-Comté; MED, medicine; MIDW, midwifery; NURS, nursing; PHAR, pharmacy; PHYS,

physiotherapy.

Table 2. Planning of regular teaching related to antibiotics in the different curricula according to the HSHS-FC (France)

MED PHAR NURS PHYS MIDW

Year of studies 3 (6) 5 (6) 2 (3) 4 (5) 4 (5)
during HSHS-FC
(total year of
studies)

Courses prior to Infectious disease Bacteriology, antibiotic Bacteriology, None Infectious disease
the HSHS-FC prevention resistance, antibiotics, infectious disease specifically
year infectious disease prevention associated with

prevention pregnancy

Courses during Bacteriology, None Antibiotics, Infectious diseases specifically None
the HSHS-FC antibiotic antibiotic associated with cutaneous,
year resistance resistance pulmonary and osteoarticular

contexts

Courses after the  Infectious disease None None None None
HSHS-FC year diagnosis,

antibiotics

HSHS-FC, Health Service by Healthcare Students in Franche-Comté; MED, medicine; MIDW, midwifery; NURS, nursing; PHAR, pharmacy; PHYS,

physiotherapy.

Results

Participation

During the study period, 870 of the 920 students (94.6%) com-
pleted both the T1 and T2 questionnaires and were included.
The distribution of students according to their curriculum and
the theme of their health promotion action is detailed in the
Table 1.

Students’ perceptions according to the curricula

Before the HSHS-FC, among the 870 students, 670 (77.0%) felt
concerned about antimicrobial resistance, with a statistically sig-
nificant difference between curricula (P<10™*) (Table 3). Medical
and pharmacy students were the most concerned, regardless of
the period of study (from 86.6% to 91.2% for medical students,
and from 92.4% to 98.5% for pharmacy students). Conversely,
physiotherapists were the least concerned (from 59.1% to
63.6%). Overall, students appeared to feel more involved after
the programme (from 77.0% to 78.4%), but this trend was not
significant (Table 3).

Before the HSHS-FC, 463 of the 870 students (53.2%) reported
having sufficient knowledge about antibiotics to carry out

preventive interventions, but there was significant variability
depending on the curriculum before and after the intervention
(P<107%) (Table 3).

Despite this relative lack of knowledge at T1, 672 of the 870
students (77.2%) felt confident about promoting antibiotic use
in the HSHS-FC setting, ranging from 68.0% for midwifery stu-
dents to 93.9% for pharmacy students (Table 3).

The self-assessment of nursing and medical students signifi-
cantly improved for 14 and 11 of the 19 criteriq, respectively.
The biggest changes were observed among medical students.
Their global level of agreement changed from low to high for
knowledge of an association between antibiotic resistance and
antibiotic prescriptions in veterinary medicine (from 46.5% to
90.2%, P<107%), and with the environment (from 48.4% to
86.6%, P<10™*) (Table 3).

Students’ perceptions according to the theme of the
health promotion intervention
At baseline (T1), students’ sense of concern about antibiotic re-

sistance, such as their ability to promote antibiotic stewardship
or to provide education to patients, did not differ according to
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the theme of the health promotion intervention (Table 4).
However, after the activity (T2), there were significant differences
depending on the theme. Indeed, students working on a health
promotion intervention on the prevention of infectious diseases
were more inclined to promote antibiotic stewardship (82.3%
versus 78.8%, P=0.04). After the intervention, 84 of the
96 students (87.5%) in the IDP groups knew that antibiotics are
not necessary for viralinfections versus 77.7% in the other groups
(P=4x107°) (Table 4).

Regardless of the health promotion intervention topic,
students reported improved knowledge after the HSHS-FC inter-
vention. Indeed, agreement increased from 54.2% to 72.9%
(P=2x107°) and from 53.1% to 68.0% (P<107) for the
‘Infectious Disease Prevention’ and ‘Other’ groups, respectively
(Table 4).

Discussion

The HSHS programme aims to raise public awareness of health-
care issues, such as the proper use of antibiotics and antibiotic re-
sistance, through healthcare students. Because healthcare
students must lead interventions for the general population with-
out having completed their curricula, we decided to evaluate
their perception of preparedness through the HSHS-FC.

To our knowledge, this study is the first to evaluate the impact
of a multidisciplinary health promotion programme on health-
care students’ perception of antibiotic resistance. Fifty-three per-
cent of healthcare students reported having sufficient knowledge
at the beginning of the HSHS-FC. Paradoxically, at the same time,
77% of healthcare students declared themselves ready to pro-
mote the use of antibiotics. Although our study showed a global
improvement (from 53.2% to 68.5%, P< 107 in the students’
knowledge after the HSHS-FC, especially for nursing and medical
students (from 54.6% to 71.7%, P<10™* and from 45.2% to
69.6%, P< 107", respectively), the level of knowledge remained
low after the programme. For example, only 50% of the phar-
macy students knew that the duration of prescription can reduce
the selection of MDR bacteria. Among nursing students, almost
53% agreed that there is a risk of cross-transmission of MDR bac-
teria. Lack of knowledge was also found among midwives, where
only almost one in eight knew that antibiotics were not necessary
for viral infections. Overall students’ level of concern by the sub-
ject of antimicrobial resistance did not significantly change (from
77% to 78%) after the HSHS-FC. Concern about antibiotic resist-
ance also differed by curriculum. In fact, medical and pharmacy
students were the most concerned, whereas non-medical pre-
scribers (nurses or physiotherapists) were the least concerned.

Comparisons between different categories of healthcare stu-
dents on their knowledge of antibiotic resistance and proper anti-
biotic use have been little studied in the literature. In addition, the
results of the few studies available may be difficult to compare
because of differences in training programmes between and
even within countries in Europe.’® In Croatia, a survey on atti-
tudes and knowledge regarding antibiotic use and resistance
was conducted among final-year medical and pharmacy school
students.’! No differences were found for the average knowledge
scores of the students concerning antimicrobial resistance.
However, some differences were reported on the students’ atti-
tudes. Rusic et al.'' suggested that the attitudes of students

Table 3. Rate of agreement relative to the students’ ability to promote awareness messages relative to antibiotic resistance at the beginning of the HSHS-FC and its evolution (A)

according to their curriculum

MIDW

PHYS

NURS

PHAR

MED

n=25

n=2_88

474

n=

n=66

n=217

A° P 1 A° PP T A° PP 1 A PP T1 A° PP P51 P,

T1

Item

+4.5 NS <107%  <107*

76.0

NS

NS 63.6 4.5

+1.6

+4.6 NS 98.5 -6.1 0.0455 72.2

86.6

I feel concerned by the subject of

antibiotic resistance
I have sufficient knowledge to lead

+24.4  <107% 879 +45 NS 546 +17.1 <107* 432 —-6.8 NS 400 +80 NS <107* <1074

45.2

preventive actions
I feel able to promote antibiotic

2x1073  <107*

NS

+0.0

-10.2 NS 68.0

+6.5 4x107% 682

4.1

+6.4 NS 92.4  +3.1 NS 7

74.7

stewardship
I feel able to help patients to think

-1.1 NS 80.0 40 NS 9x1073 1073

5.0

+4.6 NS 90.9 +1.5 NS 741 +116 <107 7

82.5

critically about antibiotic prescriptions

I feel able to help patients to think

-40 NS <107*  <107*

76.0

+6.9 003 90.9 +7.6 NS 671 +141 <107% 796 23 NS

82.0

critically about not prescribing

antibiotics
I feel able to explain what an antibiotic is

840 +0.0 NS <107*  <107%

NS

-1.5 NS 95.6 +23 004 80.7 +6.8

100.0

+10.6 2x107*

85.3

to patients
I feel able to explain to patients why

92.0 40 NS <107*  <107*

+11.5 <107 1000 -1.5 NS 77.9 +88 <10™* 875 -45 NS

853

antibiotics are unnecessary against

viruses
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Table 4. Rate of agreement relative to the students’ ability to promote awareness messages relative to antibiotic resistance at the beginning (T1) of
the HSHS-FC and its evolution (A) according to the theme of the action

Infectious disease prevention theme

TOTAL YES NO®
N=870 n=96 n=774

Item T1 AP p T1 AP p T1 AP p = s,

I feel concerned by the subject of antibiotic ~ 77.0 +1.4 NS 77.1 +3.1 NS 77.0 +1.2 NS NS NS
resistance

I have sufficient knowledge to drive 532 +153  <107% 542 +18.7 2x107® 531 +149 <107* NS NS
preventive actions

I feel able to promote antibiotic stewardship ~ 74.8 +4.4  0.009 79.2 +3.1 NS 74.3 +4.5  0.01 NS 0.04

I feel able to help patients to think critically ~ 77.7 +7.4 <107  79.2 +2.1 NS 77.5 +8.0 <10™* NS NS
about antibiotic prescription

I feel able to help patients to think critically — 74.1 +9.7 <107% 813 +1.0 NS 733  +10.7 <10™* NS NS
about antibiotic consumption

I feel able to explain what an antibioticisto  91.5  +45 <107 91.7  +21 NS 915  +48 <10™* NS 5.1073
patients

I feel able to explain to patients why 82.8 +7.0 <10™* 833 +9.4  0.01 82.7 +6.7 <107 NS NS
antibiotics are unnecessary against
viruses

I feel able to explain the individual risks 743 +12.8 <107% 719 +83 NS 746 +13.4  <107* NS NS
associated with antibiotic therapy

I feel able to explain the collective risks 646 +141 <107 635 +16.7 2x107 647 +139 <107* NS NS
associated with antibiotic therapy

I feel able to explain the risk of antibiotic 828  +73 <107 771 +125 7x107 835  +67 <107* NS NS
overprescription to patients

I feel able to promote antibiotic use in the 77.2 +2.7 NS 79.2 +1.0 NS 77.0 +2.8 NS NS NS
health service context

Antibiotics are unnecessary in case of viral 75.1 +3.7  0.02 833 +42 NS 74.0 +3.7 0.03 0.0462 41073
infections

Antibiotics have different selection 75.5 -40 0.02 86.5 -9.4  0.04 74.2 -3.4 NS 7.10° NS
pressures

Multidrug-resistant bacteria selection can 58.2 +8.5 <107% 583 +1.0 NS 58.1 +9.7 <107* NS NS
be reduced by the duration of prescription

Antibiotic resistance is due to antibiotic 74.1 +92  <10™* 688 +21.9 2.10°% 748  +7.6 <10™* NS <107*
prescriptions in human medicine

Antibiotic resistance is due to antibiotic 416 +170 <10* 385 +31.3 <107* 420 +152 <107 NS 107
prescriptions in veterinary medicine

Antibiotic resistance implies the 479 +152 <10™* 438 +250 <10™* 485 +13.9 <10™* NS 41073
environment

Antibiotic resistance is associated with 554 +7.8 <107 583 +13.6 0.02 55.0 +7.1 1072 NS NS
cross-transmission

New antibiotics will not be available soon 482 -02 NS 49.4 +57 NS 474 -37 NS NS NS

Level of agreement: light roman typography: high (70% or more of students agree with the statement); italic typography: medium (50% to 70% of
students agree with the statement); bold roman typography: low (50% or less of students agree with the statement). HSHS-FC, Health Service by
Health Students in Franche-Comté; NS, non-significant; T1, denotes the beginning of the HSHS-FC.
“Other themes: oral and dental hygiene, sleep, nutrition and physical activity, prevention of addictive behaviours.
PA denotes evolution of the rate of agreement between September 2021 and April 2022.
Pry: is the comparison between the themes of actions at the beginning and end of the HSHS-FC.

4P, is the comparison between the themes of health promotion actions at the end of the HSHS-FC.
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are partly formed before college education or that they are not
solely influenced by their medical education. In our study, we
were unable to distinguish between the contribution of regular
course-related knowledge and that of the HSHS-FC. Indeed, the
improvement in students’ knowledge of antibiotics was observed
in the groups working on the other topics as well. This may be due
to the low proportion of students (22/870) who worked specific-
ally on the topic of ‘antimicrobial resistance’, which did not allow
comparisons for this group. However, the choice of the topics was
left to the host structures and reflects a lack of interest in this to-
pic on the part of the structures, particularly schools. However, a
recruitment bias cannot be excluded due to the heterogeneity of
the distribution of the curricula within the groups. Nevertheless,
the assignment of topics to the students was random.
Furthermore, pharmacy students may be a strong indicator be-
cause they were in their fifth year of study and had completed
the entire infectious disease programme and did not receive
any other instruction on antibiotic resistance other than that of
the HSHS-FC during the fifth year. However, their high level of
agreement from the beginning of the HSHS-FC did not allow a sig-
nificant change to appreciate the specific impact of the HSHS-FC
on students’ knowledge.

The lack of knowledge concerning antimicrobial resistance,
observed in our study, has also been noted in other studies.
Indeed, medical students declared they did not feel capable of
prescribing appropriate antibiotics and that they lacked knowl-
edge about antimicrobial resistance.**** Because the knowledge
and skills of the students examined were self-reported, we can
assume that their evaluation may have been overestimated.****
Further studies are needed to assess students’ level of knowledge
and skills according to a reference framework to be defined for
each curriculum. In addition, to better understand students’ per-
ception of antibiotic resistance, qualitative studies should be con-
ducted. We did not specifically explore the satisfaction of the
public or the structure where the primary prevention interven-
tions took place. However, the local referents were satisfied
and are continuing the collaboration.

More efforts are needed to evaluate public health strategies
and their meaningful and effective communication with the
public, professionals and patients. Misconceptions about the
use of antibiotics are similar in different countries, regardless
of the socioeconomic level. Public education is necessary to
combat antibiotic resistance.'®!” Healthcare students should
contribute to the dissemination of information and education
of the population.'® Although the objectives of the HSHS are
to introduce future professionals to health promotion and pri-
mary prevention, they are not to make them experts in the field.
The low level of knowledge perceived by the students suggests
that they should systematically have their projects validated by
a specialist before presenting them to the public. Moreover, this
result may reflect the need to develop courses on antibiotic re-
sistance for healthcare students in two perspectives: first, the
One-Health approach, with the relationship between animals,
the environment and humans on the risk of the selection and
spread of resistant bacteria, and second, the risk of returning
to the pre-antibiotic era and the need to prevent the emergence
and spread of resistance, which implies better use of antibiotics
when necessary and the promotion of infection control preven-
tion measures.

The promotion of the prevention and control of antibiotic re-
sistance involves a multidisciplinary approach that includes phy-
sicians, biologists, pharmacists, nurses and hygienists. This
justified the addition of the topic of antibiotic resistance to the
HSHS-FC.

Conclusion

The HSHS-FC promotes multidisciplinary collaboration, which is
particularly important in the context of antimicrobial resistance.
This study showed that it can contribute to improving students’
knowledge, but the theoretical prerequisites are very heteroge-
neous depending on the curriculum. The support of an expert in
antimicrobial resistance may be necessary to validate the con-
tent of the interventions proposed by the students.
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