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Sir,
It is with great interest that we read the recent results of the well-
performed cross-sectional survey by Dyar et al.1 in the Journal of
Antimicrobial Chemotherapy. As we navigate and attempt to sty-
mie the ever-evolving peril that is antimicrobial resistance, it is im-
perative that we strategically focus educational efforts across all
levels of practitioners. Dyar et al.’s analysis attempts to look at
how well that is accomplished and what impact that has on
European medical students’ perceptions of preparedness to re-
sponsibly prescribe antimicrobials.1 As demonstrated in their
analysis, students perceive themselves to be quite prepared in
their approach to the recognition of the infected patient.1

Somewhat surprisingly, medical students also felt sufficiently pre-
pared to recognize when antimicrobial therapy is not warranted,
as well as to discuss that lack of need with patients. These con-
cepts and others associated with high preparedness scores (recog-
nition of infection, interpretation of microbiology, assessment of
severity) lend themselves better to traditional education delivery
methods in the current medical curriculum. Unfortunately, where
the sufficient degree of preparedness began to wane was in regard
to the more difficult-to-teach skills of antimicrobial stewardship
and associated strategies. Indeed, communication with senior
providers, antimicrobial therapy re-assessment, truncation of du-
ration of therapy and formulation changes proved to be an uncer-
tain area for the surveyed students. Because of the complexity

involved with these concepts, traditional methods of curriculum
delivery may leave students lacking in these ‘softer’ skills.
Ultimately, this manifested in Dyar et al.’s analysis as a request for
more education.1 This is not unique to European students. Surveys
by Abbo et al.2 and Justo et al.3 have similarly demonstrated that
medical and pharmacy students alike recognize the importance of
prudent use and are highly variable in their knowledge, and indi-
cate that more education is warranted. Herein lies the difficulty
facing health-professional programmes. The regression model by
Justo et al.3 showed a strong correlation between the completion
of an infectious diseases clerkship and knowledge scores. Similarly,
Dyar et al.’s survey indicated that students felt infectious diseases
clinical placement was a useful strategy for providing education.1

Bland et al.4 demonstrated greater knowledge as well as confi-
dence of pharmacy students with regard to antimicrobial steward-
ship principles upon completion of an infectious diseases
advanced practice clerkship, including concepts like de-escalation
of therapy upon culture results. In addition, these students exhib-
ited greater confidence in discussing antimicrobial stewardship
issues with other healthcare providers. Lastly, Stover et al.5 dem-
onstrated improvements in student knowledge following comple-
tion of an infectious diseases advanced practice clerkship,
irrespective of timing during the final professional year. While in-
fectious diseases student clerkships as an effective strategy for
teaching these skills are likely to garner consensus from all infec-
tious diseases practitioners, the current academic and clinical
workforce is unlikely to have enough resources, including time, to
support this strategy in a sustainable manner. Instead, these data
should be used to demonstrate the impact of active learning strat-
egies on student education. The Dyar et al.1 survey provides insight
into the perceived usefulness and actual employment of various
strategies used to convey infectious diseases knowledge. Indeed,
more than one-third of European medical students surveyed indi-
cated complete absence of various active learning exercises, in-
cluding peer to near-peer teaching (38.3% not used), active
learning assignments (33.8% not used) and role play or communi-
cation skills sessions (57.5% not used).1 The absence of these
strategies, in our opinion, strongly correlates with the lack of per-
ceived preparedness to speak to senior clinicians regarding antimi-
crobial strategies and to re-evaluate antimicrobial therapies after
initiation (auditing, 48–72 h evaluation, intravenous–oral formula-
tion changes etc.). Further reflecting the current confines of tradi-
tional medical school curricula, only half of the students felt
prepared ‘to work within the multi-disciplinary team in managing
antibiotic use in hospitals’, correlating with one of the highest rates
of ‘no teaching’. Antimicrobial optimization within the structure of
an integrative team is primed for active learning encounters, criti-
cal to success, and is mandated by regulatory bodies.6

Additionally, medical student career interest in the field of
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infectious diseases is waning and pedagogical innovation engaging
learners in these active strategies has already been recognized as a
potential mechanism to reverse this trend.7 The excellent data by
Dyar et al.,1 together with the other data discussed above, should be
taken as a sign to strategically re-visit the way that antibiotic and
antimicrobial stewardship principles and delivery are conveyed to
students globally across all health-professional schools.

In thinking through the best way to fill these gaps, each institu-
tion must consider two major, interrelated areas: curricular content
and content delivery. As elegantly discussed in a recent editorial, al-
ternative methods of delivery of age-old content is unlikely to meet
the needs of a rapidly evolving healthcare environment.8 Similarly,
use of traditional methods to deliver novel content is unlikely to
meet the needs of rapidly evolving learners. In order to meet needs
of both learners and the environment, both content and delivery
should be evaluated routinely, with appropriate updates incorpo-
rated to best fit needs. Because of the shift towards multidisciplinary
healthcare, one potential method of updating both content and de-
livery within health-professional schools is the incorporation of inter-
professional educational (IPE) strategies earlier and consistently
across curricula. Foral et al.9 found that an IPE-focused antimicrobial
stewardship initiative involving multiple disciplines and levels of
learners and clinicians resulted in high rates of intervention accep-
tance. Of note, the most common interventions provided in this re-
port paralleled areas where students felt insufficiently prepared in
the analysis by Dyar et al.1 (i.e. route/formulation change, antimicro-
bial duration reductions, therapy re-assessment/streamlining).
Furthermore, MacDougall et al.10 demonstrated that an interprofes-
sional curriculum delivered as a workshop and online learning mod-
ule hybrid to medical and pharmacy students effectively improved
students’ comfort in communicating with other professions.
Importantly, students viewed both the online and workshop ses-
sions favourably. In conclusion, we urge health-professional schools
to re-envision the antimicrobial stewardship/infectious diseases cur-
ricular content, as well as explore novel ways of moving away from
didactic lecture-based content delivery.

Transparency declarations
None to declare.

References
1 Dyar OJ, Nathwani D, Monnet DL et al. Do medical students feel prepared
to prescribe antibiotics responsibly? Results from a cross-sectional survey in
29 European countries. J Antimicrob Chemother 2018; 73: 2236–42.

2 Abbo LM, Cosgrove SE, Pottinger PS et al. Medical students’ perceptions
and knowledge about antimicrobial stewardship: how are we educating our
future prescribers? Clin Infect Dis 2013; 57: 631–8.

3 Justo JA, Gauthier TP, Scheetz MH et al. Knowledge and attitudes of doctor
of pharmacy students regarding the appropriate use of antimicrobials. Clin
Infect Dis 2014; 59 Suppl 3: S162–9.

4 Bland CM, Sasaki B, Jones BM et al. Self-perceived knowledge and confi-
dence regarding infectious diseases of advanced pharmacy practice experi-
ence (APPE) students. In: Proceedings from the American Association of
Colleges of Pharmacy, Nashville, TN, USA, 2017. Abstract 35. American
Association of Colleges of Pharmacy, Alexandria, VA, USA.

5 Stover KR, King ST, Barber KE. Impact of an infectious diseases advanced
pharmacy practice experience on student knowledge. Curr Pharm Teach
Learn 2018; doi:10.1016/j.cptl.2018.05.002.

6 The Joint Commission. New Antimicrobial Stewardship Standard 2017.
https://www.jointcommission.org/standards_information/prepublication_
standards.aspx.

7 Bonura EM, Armstrong WS. Increasing subspecialization in the field of in-
fectious diseases: evaluating challenges and strategies to move forward.
J Infect Dis 2017; 216 Suppl 5: S594–9.

8 Stevens CD. Repeal and replace? A note of caution for medical school cur-
riculum reformers. Acad Med 2018; doi:10.1097/ACM.0000000000002219.

9 Foral PA, Anthone JM, Destache CJ et al. Education and communication in
an interprofessional antimicrobial stewardship program. J Am Osteopath
Assoc 2016; 116: 588–93.

10 MacDougall C, Schwartz BS, Kim L et al. An interprofessional curriculum
on antimicrobial stewardship improves knowledge and attitudes toward ap-
propriate antimicrobial use and collaboration. Open Forum Infect Dis 2017; 4:
ofw225.

J Antimicrob Chemother 2019; 74: 277–278
doi:10.1093/jac/dky355
Advance Access publication 29 August 2018

Comment on: The ‘morning dip’ in
antimicrobial appropriateness:
circumstances determining
appropriateness of antimicrobial
prescribing

Samuel Coenen 1–3*, Stephaan Bartholomeeusen1,
Roy Remmen1, Paul Van Royen1, Stefan Morreel1 and
Hilde Philips1 on behalf of the iCAREdata Project Group†

1Centre for General Practice, Department of Primary and
Interdisciplinary Care (ELIZA), University of Antwerp, Antwerp,
Belgium; 2Department of Epidemiology and Social Medicine
(ESOC), University of Antwerp, Antwerp, Belgium; 3Laboratory of
Medical Microbiology, Vaccine & Infectious Disease Institute
(VAXINFECTIO), University of Antwerp, Antwerp, Belgium

*Corresponding author. Tel: !32-3-265-25-25; Fax: !32-3-265-25-29;
E-mail: samuel.coenen@uantwerp.be orcid.org/0000-0002-1238-8052
†Other members are listed in the Acknowledgements section.

Sir,
We were inspired by the work of Sikkens et al.1 published in the
June issue of JAC and showing that antimicrobial prescribing for
276 patients admitted to a tertiary care hospital in 2011–12 was
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