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Introduction

Antimicrobial resistance (AMR) is an ever-increasing threat to
human health on a global scale.1 As of 2022, AMR has been
reported to be the leading cause of death in humans worldwide
related to infectious diseases.2 Misuse of antibiotics is a major
mechanism driving the growth of AMR.3 Antimicrobial steward-
ship (AMS) describes an approach aiming to promote responsible
use of antimicrobial drugs, pursuing to improve patient care and
reducing the burden of AMR.4,5 The effectiveness of AMS has been
shown previously.6 It is however necessary that AMS interventions
are implemented on a larger scale.7,8 Unfortunately, there is a
severe shortage of specialists with a pertinent training.

Not only clinical microbiologists and infectious diseases
specialists need to be trained, but every doctor treating patients
with infectious diseases—in a multidisciplinary, one-health
approach, this also entails other professions working with
antibiotics, for example, veterinarians and pharmacists.9,10

Consequently, AMS should be taught every medical student.
At Saarland University, Germany, students gain a rough

understanding of antibiotics, but deeper insights and intuitive
skills, especially pertaining to AMS, are missing. In addition, the
many different specialties working with antimicrobial substances
and their topic-specific approaches can be confusing for medical
students while often missing basic AMS principles. In the updated
German National Competency-Based Catalogue of Educational
Objectives inMedicine however, it is stated that students should be
able to “explain the rational use of antibiotics to avoid the
development of resistances and consider the corresponding
principles in their own practice” (for details on medical education
in Germany, see appendix, page 3).11

The aim of this article is to present how AMS is taught during
medical education in Germany, by comparing the results of a
survey of students from other German universities with our own
experiences.

Methods

We performed a concise survey, for which we drew a sample of ten
medical students across six German universities. To collect the
data, we created a questionnaire consisting of 15 open, ranking
(5-point Likert scale) as well as multiple choice questions (see
appendix, pages 6–10). We interviewed undergraduate students in
the clinical part of their studies. The interviews were conducted
between the 1st September 2022 and the 31st December 2022. All
participants were informed about the voluntary and anonymous
nature of the survey. The project was exempt from institutional
review board approval.

Results

The results of the scoping survey varied widely (Figure 1a). No
student indicated a “very well” ability to define AMS. Fifty percent
stated a low frequency of being taught about AMS in context of
antimicrobials usage (Figure 1b). Between the different statements
of the University of Frankfurt, the answers diverged from one to
four which could be caused by COVID-19. Overall, 20% of
students reported not having any training in AMS at all. The most
frequent (80%) method of teaching mentioned was lecture. In 8/10
cases, an additional course with practical contents like evaluating
an antibiogramwas included. Of note, 30% of the students invested
their free time learning about the subject matter. In less than half
(30%) of the universities, AMS was taught in more than one field,
for example, internal medicine, pharmacology, or surgery.

The subjective confidence in navigating AMR and in using
antimicrobials was universally low (Figure 1c, d). All participating
students expressed the wish for more teaching on AMS (Figure 1e).
In the interview the students additionally were asked, which
materials or methods they would have wished for. The most
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frequent answer (90%) was practical teaching, for example, bedside
teaching and case-based elements with problem-based learning.
Other answers were reference books, apps, study materials, and
information about the consequences of AMRs. Lastly, we asked the
students which field they intended to specialize in and whether
they thought AMS to be relevant for that. All students acknowl-
edged the relevance of AMS for future doctors irrespective of the
intended specialty (Figure 1f).

Discussion

The results of our scoping survey demonstrate that medical
students are often unsure how to use antimicrobials correctly. Our
findings indicate that there is a blatant need for more AMS content
during medical undergraduate education in Germany.

The results presented herein are in accordance with previous
results from the USA.12 The vast majority of the interviewed
students of our study wished for more education on appropriate

use of antimicrobials. Similar results were shown on a European
scale.13,14

Limitations of our study are the small sample size and the focus
on Germany. However, we believe that due to our point of view as
students in the last years of medical school surveying fellow
students across different universities, we were able to open up new
perspectives on the matter. This project, along with the
aforementioned studies, highlights the ongoing lack of under-
graduate education on AMS. This is highly critical especially in the
context of rising resistances and death numbers.15 We see this
development, the rising AMRs in combination with the missing
changes in AMS education, as highly problematic.

The goal of teaching AMS in medical school should be to
generate physicians who have the appropriate mindset and
knowledge about antibiotics, and who know and follow AMS-
principles-led management of patients with infectious diseases.

We present here a framework to facilitate the implementation
of AMS in medical curricula, the WWH (what, why, how)

Figure 1. Responses of medical students to a
scoping survey on AMS during medical under-
graduate education in Germany, (a)–(f).
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framework. The framework also entails the use of diagnostics,16,17

the importance of communication with patients,18 and the
employment of novel, artificial intelligence-based approaches
(see appendix, page 4).19,20

Along the lines of this framework, the following teaching
formats could be leveraged to maximize the learning experience of
students: The core problem and why antibiotics are different would
best be presented in a lecture or a flipped classroom format. Study
materials should be included. The best ways to treat patients/AMS
should be presented through case-based learning with develop-
ment of a step-by-step plan, as we have experienced during the
elective course “Stewards for future” at the Saarland University.19

Teaching at the patient’s bedside in small groups is another helpful
way to consolidate knowledge. In addition, easy-to-use and quickly
accessible materials, such as a pocket-sized handbook or a
smartphone application containing the most relevant diseases
and therapies including the dosages and length of the therapy,
should be provided. Mental frameworks to facilitate the use of
antibiotics could be included as well (see appendix, page 5).21,22

The aforementioned lack of AMS contents in medical
undergraduate curricula makes it necessary to implement electives
like “Stewards for future” in undergraduate medical education.23

As of now, in Germany, AMS contents are largely taught in
postgraduate courses, which, albeit subsidized, are expensive and
cumbersome to integrate into physicians’ time schedules. The
German national action plan on antimicrobials entails the
education of physicians as AMS experts to tackle the threat of
AMR, especially given the dearth of infectious diseases specialists,
clinical microbiologists, and infection prevention and control
specialists.24 In contrast to the immersive, case-based approach
that is used during the elective course “Stewards for future,” the
bulk of these postgraduate courses consists of lectures, partly
presented in a blended-learning style. From our experience, it
seems reasonable to demand an early curricular implementation of
AMS principles, including training of communication skills,
aspects pertaining to interdisciplinary and interprofessional
patient care, and the necessary attitude to acknowledge the scope
of the AMR threat. We believe that these goals can best be achieved
by interdisciplinary bedside rounds and with simulated patients.

On account of our results, we recommend further action on a
larger scale. AMS education implementation strategies need to be
developed and quickly and globally brought to life. For this to be
achieved, changes onmany different levels will be necessary, on the
teacher side (e.g., new lectures) as well as on the side of the policy
makers. The growing threat of AMR and related deaths can only be
tackled by a large mass of doctors who have the appropriate
mindset and knowledge about antibiotics.
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